
 
 

Libraries and Learning Services 
 

University of Auckland Research 
Repository, ResearchSpace 
 

Copyright Statement 

The digital copy of this thesis is protected by the Copyright Act 1994 (New Zealand). 

This thesis may be consulted by you, provided you comply with the provisions of 
the Act and the following conditions of use: 

 

• Any use you make of these documents or images must be for research or 
private study purposes only, and you may not make them available to any 
other person. 

• Authors control the copyright of their thesis. You will recognize the 
author's right to be identified as the author of this thesis, and due 
acknowledgement will be made to the author where appropriate. 

• You will obtain the author's permission before publishing any material 
from their thesis. 

 

General copyright and disclaimer 
 

In addition to the above conditions, authors give their consent for the digital 
copy of their work to be used subject to the conditions specified on the Library 
Thesis Consent Form and Deposit Licence. 

 

 

http://www.library.auckland.ac.nz/sites/public/files/documents/thesisconsent.pdf
http://www.library.auckland.ac.nz/sites/public/files/documents/thesisconsent.pdf
http://www.library.auckland.ac.nz/services/research-support/depositing-theses/licence-summary


Running Head: WORKING MEMORY AND DISTRACTOR PROCESSING IN ATTENTION 

 

 

The relationship between working memory and distractor 
processing in visual selective attention 

 

 

 

 

 

 

 

 

Lenore Tamami Tahara-Eckl 
 

 

 

 

 

A thesis submitted in fulfilment of the requirements for the degree of Master of Science in 
Psychology 

 

The University of Auckland, 2018 

New Zealand 

 

  

 

 

 



WORKING MEMORY AND DISTRACTOR PROCESSING IN ATTENTION 

ii 
 

Abstract 

 Selective attention is the ability to attend to relevant information, while disregarding 

irrelevant information. Neural signatures of selective attention include event-related 

lateralisations of both the negative (N2pc) and the positive (Ptc) voltage, which are suggested to 

reflect visual target enhancement and distractor suppression, respectively. Our prior research 

found that more salient visual items elicited an earlier and stronger Ptc with improved 

performance, while the opposite was true for less salient items. Additionally, high working 

memory capacity (HWMC) participants performed better with a tentatively stronger Ptc than low 

working memory capacity (LWMC) participants. We followed up our preliminary results with 

two experiments that further investigated these lateralised components and cognitive capacity. 

Experiment 1 investigated whether a modified localised attentional interference (LAI) task 

would show WMC differences. A ‘memory probe’ required observers to recall a certain element 

in the task after a set number of trials. Individuals who performed better on the memory probe 

performed better on the LAI task. We also found that the LWMC group exhibited a 

compensatory process, which showed that while they distinguished between the distractors more, 

they performed worse on the memory probe than the higher WMC groups. Experiment 2 

investigated whether a more salient distractor would elicit a stronger Ptc signal and draw 

stronger neural differences in WMC. We found that the Ptc amplitude was the same and overall 

small for both distractor conditions, suggesting that suppression may not have been needed due 

to the greater physical differences between the distractors. We also found that HWMC 

participants elicited a late N2pc, postulated as higher cognitive functioning. All things 

considered, our studies suggest that the Ptc does not necessarily reflect stronger suppression, and 

that other qualities may reveal finer details of one’s cognitive capacity.   
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Glossary 

 

Compensatory processes: Within a cognitive task, a compensatory process occurs when a 

person is unable to do well on the task unless they focus on only one aspect of it, thereby 

compromising another aspect. Oftentimes, compensatory processes are observed as maladaptive 

process in cognitively vulnerable populations, such as in aging or cognitively impaired people 

(Cabeza, 2002).  

Contralateral delay activity (CDA): A more prolonged negative slow wave compared to, and 

occurring after the N2pc and Ptc signals. A stronger negative amplitude of the CDA indicates a 

higher number of visual items being held in the memory load, more efficient distractor 

suppression, and a better WMC (Vogel & Machizawa, 2004; Vogel, McCollough, & 

Machizawa, 2005). The CDA is also very similar and most likely to be the ‘sustained posterior 

contralateral negativity’ (SPCN) (Jolicoeur, Brisson, & Robitaille, 2008) and the ‘N3pc’ 

(Verleger, Grajewska, & Jaskowski, 2012), but for the sake of clarity, this component will be 

referred to as the CDA in this dissertation.    

Distractor suppression: The ability to ignore or suppress a distractor (referred to the evoked 

lateralised component, the Ptc or the Pd), while searching for a target in a visual cognitive task 

(Hilimire, Mounts, Parks, & Corballis, 2010; Sawaki & Luck, 2010). Distractor suppression has 

been described as a top-down control process on bottom-up salient stimuli, but it is still debated 

whether it is a voluntary or involuntary cognitive mechanism (Gaspelin & Luck, 2018). 

However, recent studies suggest that distractor suppression is more likely a top-down process 

because it has been shown to be modulated by one’s attentional control process, which can vary 

according to individual ability (Gaspar, Christie, Prime, Jolicoeur, & McDonald, 2016).  

Lateralised components: Recorded from an EEG, these are visual evoked potentials taken from 

bilateral electrodes placed on the visual posterior regions, which have been referenced to the 

average of all of the other EEG channels. Lateralised components are calculated in their 

difference in amplitude and latency by subtracting the contralateral side with the ipsilateral side 

of fixation. In order to evoke these lateralised components, either the visual target or distractor 

item must be on the midline (upper or lower), while the other is lateralised. This is because 

midline stimuli do not evoke lateralisations, thereby enabling the isolated measurement of the 



WORKING MEMORY AND DISTRACTOR PROCESSING IN ATTENTION 

xiii 
 

lateralised stimuli (Hickey, Di Lollo, & McDonald, 2009). Examples of these lateralised 

components are the N2pc, the Ptc, and the CDA.  

Localised attentional interference (LAI) task: Bahcall and Kowler (1999) were the first to 

employ the LAI task as a divided attention task. The LAI task is a paradigm that tests visual 

selective attention, particularly in peripheral visual attention. The task has a central fixation cross 

with a surrounding circular array, which is composed of visual items, such as targets, distractors, 

and fillers. Individuals focus their vision to the centre cross, while using their peripheral attention 

to locate the target item, ignoring any distractor items present concurrently. The LAI task evokes 

lateralised components, which characterises different qualities of attentional processing. In this 

dissertation, we have several modified versions of the LAI task (i.e. memory probe LAI task, 

centre task), and so we have also referred the LAI task as the ‘target-decoy task.’ 

Negativity posterior contralateral (N2pc): Typically the first major deflection in a lateralised 

ERP, it is an increased negativity signal that normally occurs 180-250 ms post-stimulus at the 

posterior electrode sites, contralateral to a visual stimulus (Gaspelin & Luck, 2018; Luck & 

Hillyard, 1994a). The N2pc is associated with visual enhancement for the selection of objects 

(Hickey et al., 2009), change detection (Eimer & Mazza, 2005), and also change detection within 

visual WM paradigm (Tseng et al., 2012). The N2pc is associated with a stronger amplitude as 

difficulty increases in discerning visual stimuli (Hopf, Boelmans, Schoenfeld, Heinze, & Luck, 

2002; Tahara-Eckl, Henare, Buckley, Parkih, & Corballis, 2018). The N2pc has also been found 

to potentiate as the distance between a target and distractor item increases in the LAI task 

(Hilimire, Mounts, Parks, & Corballis, 2009).  

Noninvasive brain stimulation (NIBS): NIBS have been shown to alter and enhance cognitive, 

sensory, and motor functioning (Dayan, Censor, Buch, Sandrini, & Cohen, 2013). ‘Noninvasive’ 

is conceptualised in the sense that it does not directly break or pierce the skin or scalp but rather 

rests upon the head. A stimulation is elicited which excites or inhibits neuronal activity. 

Stimulation can be evoked through magnetic fields or direct electric current, such as from 

transcranial electrical stimulation (TES), which include transcranial direct current stimulation 

(tDCS) and transcranial magnetic stimulation (TMS), which include single-pulse TMS or 

repetitive TMS. Stimulation can also be continuous (typically TES) or repetitive (typically TMS) 

(Dayan et al., 2013). Application of NIBS over a long period have been found to induce brain 
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plasticity, promoting long-lasting changes in neuronal and cognitive functioning in both healthy 

and clinical populations (Tatti, Rossi, Innocenti, Rossi, & Santarnecchi, 2016).  

Positivity posterior temporal contralateral (Ptc): Typically the second major deflection in a 

lateralised ERP, it is an increased positivity signal that normally occurs after the N2pc, 

approximately 290 ms post-stimulus, which can persist until 340 ms on the temporal electrode 

sites. Like the N2pc, it appears on the contralateral hemisphere to the visual stimulus but appears 

only when distractor stimuli are lateralised (Hilimire et al., 2010). The Ptc is associated with 

distractor suppression and individuating items in the visual field (Hilimire et al., 2010; Sawaki 

& Luck, 2010). The Ptc appears only when there are both distractor and target items (i.e. not 

when there are only one or the other) in the visual field (Hilimire, Hickey, & Corballis, 2012; 

Hilimire et al., 2010), thereby dubbing it as the distractor suppression component. It is thought 

to be identical to the ‘Pd’ (distractor positivity) component (Gaspelin & Luck, 2018; Hickey et 

al., 2009), but for the sake of clarity, this component will be referred to as Ptc in this dissertation.  

Selective attention: The natural tendency and/or acquired capability in which people ignore 

irrelevant information in order to focus on relevant information. Early attentional theories 

explain that information is filtered by what is attended and not attended to, in which then 

relevant information becomes processed for higher cognitive functioning (Broadbent, 1958; 

Deutsch & Deutsch, 1963). An ‘attenutator’ accounts for the intrusion of unattended yet salient 

stimuli into one’s attention. The ‘attenuator’ does not simply block out all irrelevant stimuli but 

still allows weakened, unattended stimuli to pass through (Treisman, 1964).  

Visual competition bias: The visual competition bias contends that items compete so that 

relevant objects are brought to our attention more than irrelevant items (Desimone & Duncan, 

1995). A ‘trade-off’ occurs as there is enhancement to the target item, which consequently 

follows with the attenuation of the surrounding objects (Bahcall & Kowler, 1999). Factors that 

contribute to this visual competition include physical saliency (Gaspelin & Luck, 2018; Mounts, 

McCarley, & Terech, 2007; Mounts & Gavett, 2004; Tahara-Eckl et al., 2018) and proximity 

(Bahcall & Kowler, 1999; Hilimire et al., 2009; Hilimire et al., 2010) of the visual items. This 

competition in visual attention relates to selective attention, as some items are more readily 

selected over others because of this operation.  
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Visual saliency: The extent to how ‘noticeable’ a visual item is, which is often compared to how 

different it is against other items in the visual field (Gaspelin & Luck, 2018). Depending on how 

salient the item is, people can either ignore or become attracted to it, which then affects their 

cognitive performance. Examples of saliency can be different colours, shapes, size and motion.  

Working Memory Capacity (WMC): Working memory capacity (WMC) is the ability to 

maintain and recall active information, while ignoring irrelevant and distracting information 

(Conway et al., 2005). WMC is construed as the control of information through selective 

attention, and is found to vary across people, which is reflective in their other cognitive abilities, 

especially with attention (Conway, 1996; Engle, 2002; Vogel, Woodman, & Luck, 2001).   

People who have a high capacity for remembering relevant information while ignoring irrelevant 

information or distractors, are known as high working memory capacity (HWMC) or high spans, 

while people who perform at a lower level, are known as low working memory capacity 

(LWMC) or low spans. 
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Chapter 1: General Introduction – Investigating the Effects of Distractor Saliency and 
WMC on Selective Attention  

 

1.1  What is Selective Attention?  

 In an everyday situation, we are constantly bombarded by a variety of stimuli competing 

for our attention. Attention is a limited resource, so what we pay attention to is dependent upon 

whether we choose to pay attention to it (voluntary attention), or whether our attention is 

inadvertently drawn towards it (involuntary attention). Consequently, while our attention is 

occupied, we are inclined to miss other, ‘unattended’ stimuli. This ‘give-and-take’ process is 

known as selective attention (Johnston & Dark, 1986), which draws attention towards a 

particular object at the expense of disregarding irrelevant objects. It is in this context that we are 

interested in understanding why the visual attentional system has limitations, and what factors 

influence these limitations. In attempts to explain how human attention works, several attentional 

theories have delineated the contributing factors and constraints on the attentional system. 

 Early attentional theories. In 1958, Donald Broadbent first proposed that attention 

operates through a selective filter. All information, whether relevant or irrelevant, pools together 

and then gets segregated by what is attended to and unattended to. While unattended information 

is discounted, attended information is assigned relevance, where higher cognitive processes can 

be carried out (Broadbent, 1958). Broadbent’s theory competently explains the attentional 

process of selective filtering prompting for higher-order processes, but it does not explain how 

unattended salient information can still reach consciousness. An example of this unattended 

salient information is the ‘cocktail party effect,’ which is a well-known phenomenon that occurs 

when attention is suddenly switched from an attended to an unattended stream due to hearing 
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highly salient information, such as one’s own name (Cherry, 1953). This phenomenon illustrates 

that all information, even unattended, reaches into our consciousness to some extent.  

 In response to Broadbent’s Early Selection Theory, in 1963, The Late Selection Theory 

proposed that all information (both relevant and irrelevant) becomes registered and then becomes 

filtered for our conscious awareness (Deutsch & Deutsch, 1963). However, assigning meaning to 

every registered item is an unnecessary expenditure of attention and is inconsistent to the brain’s 

quick and efficient processing. Shortly after, in 1964, Anne Treisman proposed that an 

‘attenuator’ attenuates the unattended information that still permeates through, instead of being 

completely blocked out from our conscious awareness. Thus, if information from the unattended 

ear suddenly becomes relevant to the individual, they can essentially ‘switch over’ to that stream 

and attend to it, while attenuation then occurs to the previous attended stream (Treisman, 1964).  

 Capacity model of attention. In agreement with previous theories, the capacity theory 

delineated that an individual is unable to perform several mental activities simultaneously 

because of limited attentional resources (Kahneman, 1973). Factors, such as individual’s mental 

effort and task complexity, affect an individual’s cognitive capacity and attention. Higher task 

complexity and difficulty warrants a greater demand for attention, but an overload of attentional 

demand can cause task failure. Factors comprising mental effort include the individual’s current 

arousal level, educational background, and cognitive ability, in particular working memory 

capacity (WMC). Working memory (WM) is the modulation of accessing information for 

ongoing cognitive processes, and WMC is the measurement of an individual’s ability to control 

that system (Wilhelm, Hildebrandt, & Oberauer, 2013). Studies found that HWMC people are 

more likely to allocate their attention efficiently through ignoring irrelevant information or 

distractors and focusing on the task objective, thereby having better performance than LWMC 
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people (Conway, 1996; Conway & Engle, 1994; Engle, 2002; Shipstead, Zach, Lindsey, 

Marshall, & Engle, 2014; Vogel et al., 2001). These differences in behaviour, associated with 

one’s WMC, will be elaborated on separately. In this way, Kahneman (1973), along with other 

researchers, tie in these factors which affect one’s attention, to explain attentional processes 

(Conway, 1996; Conway & Engle, 1994; Engle, 2002; Shipstead et al., 2014; Vogel et al., 2001).  

 Competition within visual attention. All major theories of selective attention agree that 

irrelevant or unattended stimuli are filtered in order to facilitate processing of relevant 

information (Broadbent, 1958; Deutsch & Deutsch, 1963; Johnston & Dark, 1986; Kahneman, 

1973; Treisman, 1964). Within visual attention, this filtering process occurs, but with a 

competition that depends upon the varying characteristics shared between the visual items 

(Desimone & Duncan 1995). Visual attention has been metaphorically compared to a spotlight or 

a ‘zoom lens,’ meaning that attention is enhanced on one patch in the visual field, while 

surrounding areas are essentially ignored. The spotlight model has been supported by finding that 

observers perform better when given a cue before the target (Posner, Snyder, & Davidson, 1980). 

Our visual attention is not necessarily tied to where our eyes are looking, but rather our attention 

wanders around the visual field in an independent fashion, picking out relevant stimuli. 

Similarly, Eriksen and St. James (1986) proposed that visual attention operates in a ‘zoom lens’ 

fashion, which suggests that attention can adapt and vary in the amount of focus needed by the 

‘zoom lens’ widening or narrowing that attentional focus. 

 However, more recent studies have pointed out that the ‘attentional window’ can be 

influenced even more when the stimuli within the attended window vary. As mentioned 

previously, Desimone and Duncan (1995) depict that multiple objects within one’s visual field 

compete for their attention. The ‘attentional priority map’ proposes that this filtering results from 
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certain features of visual items taking priority over others (Wolfe, 1994). Bolstering this 

viewpoint, Bahcall and Kowler (1999) discovered that attentional performance was worse when 

visual items were closer to rather than further from one another, even within the same, attended 

visual window. This finding was in contrast to what the authors originally hypothesised, which 

was that items closer to one another would portend to better performance since attention was 

being allocated onto the one spot, similar to the spotlight attentional theory. Instead, they 

discovered that items were competing for the individual’s attention, and that a closer proximity 

between them would induce greater competition. Observers would have a harder time paying 

attention to both items and distinguishing between them if they were closer than further apart 

from one another, since they were both competing for the observer’s attention. Hence, Bahcall 

and Kowler’s (1999) finding contested and opposed both the spotlight and zoom lens model of 

attention because it showed that there were trade-offs within that particular, attended visual field 

and not just the holistic version of visual field. Nonetheless, a similarity still exists between these 

models because the attentional enhancement in one area still accords to the suppression of the 

immediate surrounding area. Bahcall & Kowler’s (1999) study evinces a visual competition 

because even within the circumscribed attentional spot, visual items compete for our attention, as 

depicted by the worse performance when they are in closer proximity to one another.  

 Visual attenuator as a key function of selective attention. Treisman’s ‘attenuator’ is 

proposed to be the key to attentional processing because it acts a suppressor towards distracting 

information, which allows us to focus on what is relevant (Treisman, 1964). In visual attention, 

Desimone and Duncan (1995) depicted a competition among visual stimuli which are affected by 

stimuli saliency and proximity to one another. While early theories of selective attention and 

visual attentional models show that attended information is enhanced at the expense of the 



WORKING MEMORY AND DISTRACTOR PROCESSING IN ATTENTION 

5 
 

surrounding area, other studies (Bahcall & Kowler, 1999; Desimone & Duncan, 1995) take a 

step further in suggesting that this operation also occurs within an attended area. Specifically, 

Bahcall and Kowler (1999) found that ‘overlapping stimuli’ (i.e. stimuli in close proximity to 

one another) worsened performance in a visual task, suggesting that visual competition exists 

within an attended area. In addition to the proximity of visual items contributing to the visual 

competition, other factors, such as the visual item’s saliency, have also been found to affect 

performance (Gaspelin & Luck, 2018; Mounts et al., 2007; Mounts & Gavett, 2004; Tahara-Eckl 

et al., 2018). Comparable to Treisman’s ‘attenuator,’ we are interested in how the distractor-

suppressor ability operates in a competitive attended space. The distractor-suppressor ability is 

the fundamental focus of this dissertation, and factors affecting this ability, such as distractor 

saliency and individual WMC, will be examined.  

1.2  How Saliency Affects Attention 

 What is ‘attentional saliency?’ Attentional saliency is the indication of how much a 

stimulus captures one’s attention. In this dissertation, saliency is defined as how different a 

stimulus looks from the visual target item. Thus, the more different the stimulus is, and/or the 

more the stimulus ‘pops out’ in comparison to the other stimuli in the visual field, then the more 

salient the stimulus is (Gaspelin & Luck 2018). Specifically, Gaspelin and Luck (2018) reviewed 

a number of papers, illustrating the cognitive mechanisms of salient distractors called ‘colour 

singletons,’ which have a unique colour compared to the rest of the items. Figure 1 depicts a 

‘distractor-saliency scale,’ which attempts to explain how visual saliency from distractor items 

affects selective attentional processing. Previous literature employing visual search tasks, 

especially the localised attentional interference (LAI) task, will be used to address the effects of 

visual saliency upon attention both behaviourally and neurally.  
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 Distractor saliency improving performance. In visual search tasks, studies found that 

people typically perform better when distractors are more different from the target (in terms of 

how they appear and their distance from the target) than when distractors are more similar to the 

target (Bahcall & Kowler, 1999; Gaspelin & Luck, 2018; Hilimire et al., 2009; Hilimire et al., 

2010; Mounts et al., 2007; Tahara-Eckl et al., 2018). This is because when the distractor is more 

different, observers can better recognise the item as being a distractor first, thereby ignoring it 

from being a potential target (Gaspelin & Luck, 2018). Stronger differences between visual items 

reduce competition, making it easier for the individual to distinguish between them (Bahcall & 

Kowler, 1999; Desimone & Duncan, 1995). Known as the ‘singleton presence benefit,’ 

performance improves due to the distractor being suppressed more easily because of its 

prominent difference from the target item (Gaspelin & Luck, 2018). Likewise, when the 

distractor and target are more alike (whether they are closer or more physically alike), then 

observers tend to mistake the distractor as a potential target, increasing competition and thereby 

decreasing task performance (Bahcall & Kowler, 1999; Desimone & Duncan, 1995; Gaspelin & 

Luck, 2018). However, the reverse may occur as a salient distractor may overpower our 

attentional control, with suppression towards the distractors failing, and instead our attention 

being drawn in towards it (Gaspelin & Luck, 2018; Mounts & Gavett, 2004). Known as the 

‘singleton presence cost,’ performance worsens due to distractor suppression failure and 

attentional capture occurring instead (Gaspelin & Luck, 2018). Specific selective attentional 

behaviours generating attentional attraction or suppression on visual items due to the visual 

items’ saliency, will be discussed below.  
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Behavioural performance in selective attention.  

 Distractor saliency worsening performance. In contrast to salient distractor items 

improving performance, other studies found the opposite. One study explicitly tested the effects 

of different distractor-saliency factors on performance (Mounts & Gavett, 2004). They tested 

different parameters of the visual items, such as their luminance, colour, and size. They found 

that increasing the saliency to the distractor item worsened performance, while increasing the 

saliency to the target item improved performance. Therefore, Mounts and Gavett (2004) found 

that distractor saliency augmentation impaired rather than improved performance, which differs 

from other studies (Mounts et al., 2007) and our preliminary dataset (Tahara-Eckl et al., 2018). 

Hilimire et al. (2010) found analogous results when they manipulated the saliency and distance 

between the target and distractor items. People performed worst when the distractor item was 

most salient (through increasing the colour saturation) and performed best when the target item 

was most salient (Hilimire et al., 2010). Gaspar and McDonald (2014) also found that people 

performed worse when distractor items had salient, striking colour changes compared to the 

target item. The differences between the studies could be due to the type of saliency being 

manipulated. If items (whether the target or distractor item) are highly salient, such as having a 

strong colour saturation, then it draws attention to itself, hence impairing performance. On the 

other hand, if distractor items are salient through being different in identity to the target (i.e. 

different letters), then observers can quickly identify and ignore them. In this manner, saliency 

due to items being different from one another, increases the ability to individuate the items, 

thereby increasing distractor suppression and enhancing performance. On the other hand, overly 

strong saliency may generate easier individuation, but at the cost of drawing attention away from 

the target and instead to the distractor, thereby impairing performance (Gaspelin & Luck, 2018). 
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In this way, attentional suppression works differently with these two types of saliency on a 

gradient scale because of these behavioural differences. 

 Different distractor factors interacting and affecting performance. Studies also found that 

the distractor’s appearance and distance to the target affect performance independently and 

conjunctively. When testing both identity and distance factors together, individuals performed 

the worst when both items were closest to one another and when the distractor looked more 

similar (letter L vs. letter C) to the target item (letter T) (Mounts et al., 2007). The finding 

demonstrated that people can be affected by two factors at the same time and that these effects 

stack on top of one another, increasing attentional impairment. Also, within the same study, 

Mount et al. (2007) found that the distance effect was weakened considerably when the distractor 

was more salient against the target – a letter C compared to a letter L. In fact, individuals 

performed relatively the same at each distance level when the distractor was more easily 

distinguished from the target (Mount et al., 2007). In support, Mounts and Gavett (2004) also 

found that increasing the distance between the target and distractor items extinguished the effect 

of different distractor saliency factors on performance. Specifically, when the distractors were 

furthest from the target, saliency did not affect performance (Mounts & Gavett, 2004). In these 

ways, these studies demonstrate that while attentional impairment notably increases with the 

number of factors (i.e. distance and salience) increasing in difficulty, one effect is essentially 

nullified when one distractor factor becomes ‘easy,’ as in being more salient or at a further 

distance from the target item.  

 In summary, most studies demonstrate that distractor items that look more like the target 

and are in closer proximity to the target, worsen performance (Gaspelin & Luck, 2018; Mounts 

et al., 2007; Tahara-Eckl et al., 2018). However, if distractor items become highly salient to the 
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point of being distracting, they can also worsen performance (Gaspar & McDonald, 2014; 

Hilimire et al., 2010; Mounts & Gavett 2004). Other studies also point out that these effects can 

interact with one another, thereby deeming saliency suppression as a rather byzantine process. 

We attempt to depict attentional saliency on a scale of how well an individual can suppress a 

distractor, as shown below in Figure 1.  

 

 

 

 

 

 Figure 1. A depiction of a distractor-saliency scale affecting distractor-suppression 

ability. Per each ‘target-distractor set,’ distractor items are on the left, while targets are on the 

right (letter Ts). When distractors have a ‘low saliency,’ (letter L) they look similar and are hard 

to distinguish from the target. When distractors become a little more salient (letter C), they 

become more readily recognised that they are not the target and are easily suppressed. However, 

when distractors become too salient (filled circle with stark contrasting colours), then they draw 

attention to themselves and impair task performance.  

 

ERPs in selective attention.  

 Lateralised components. Peripheral visual search tasks, such as the LAI task exhibit 

lateralised neural components from event-related potentials (ERPs), which are recorded from an 

electroencephalogram (EEG). Specifically, we are interested in two lateralised components 

which are derived from these tasks, known as the negativity posterior contralateral (N2pc) 

component and the positivity posterior temporal contralateral (Ptc), or the distractor positivity 

‘non-salient’ ‘salient’ ‘highly salient’ 

LOW  
saliency 

HIGH  
saliency 

Distracting—the distractor 
looks like the target.  

Not distracting – the 
distractor can be suppressed.   

Distracting—the distractor 
draws attention.  
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(Pd) component. The N2pc is associated with attending to task-relevant stimuli (Luck & 

Hillyard, 1994a), and some researchers suggested that it reflects processes related to target 

enhancement (Hickey et al., 2009). The N2pc increases when the distractor looks more similar to 

the target (Hopf et al., 2002; Kiss, Jolicoeur, Dell’Acqua, & Eimer, 2008; Tahara-Eckl et al., 

2018) or when the distractor is further from the target (Hilimire et al., 2009; Hilimire et al., 2010; 

Hilimire, Mounts, Parks, & Corballis, 2011). The Ptc (or Pd) is related to distractor suppression 

or individuating items in the visual field (Hilimire et al., 2010; Sawaki & Luck, 2010). In 

general, the Ptc can be directly linked to distractor suppression because it has been shown to be 

present when there are target and irrelevant items in the visual field but is absent when there is 

only a target (Hickey et al., 2009). However, unlike the N2pc, more recent studies have found 

that the target and distractor items alone can evoke the Ptc (Hilimire & Corballis, 2014; Hilimire 

et al., 2012; Jannati, Gaspar, & McDonald, 2013), which may support the notion of N2pc and Ptc 

as being distinct components. In addition to suppressing attention towards distractions, the Ptc 

has also been tied to the active termination of attention to a visual item once it has been 

recognised and dealt with in order to continue successive attentional processing (Sawaki, Geng, 

& Luck, 2012).  

 The independency and interdependency of the N2pc and Ptc. It is currently debated about 

whether N2pc and Ptc function together or independently, and literature has demonstrated 

evidence for both sides. On one hand, these components are proposed as distinctive operants 

because of their distinguishing characteristics, such as having different voltages when a target 

and distractor item are presented (N2pc being negative, Ptc being positive), occurring at different 

times (N2pc normally occurring before Ptc), and occurring at different scalp distribution sites 

(N2pc at posterior regions, Ptc at temporal regions) (Hilimire et al., 2009; Hilimire et al., 2010; 
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Hilimire et al., 2011). In addition, prior knowledge of the visual items does not elicit the N2pc, 

but elicits the Ptc (Gaspelin & Luck, 2018; Hilimire & Corballis, 2014; Sawaki & Luck, 2011). 

Furthermore, it is suggested that the Ptc is influenced by individual cognitive ability, with mainly 

WMC (Gaspar et al., 2016; Sawaki et al., 2017; Tahara-Eckl et al., 2018), thereby being labelled 

as a top-down process (Gaspelin & Luck 2018). In general, when both the target and distractor 

items are present in the visual field, N2pc and Ptc are evoked (Sawaki et al., 2012). However, 

other studies have also shown that the N2pc can be elicited when only a target is presented with 

no distractors (Eimer, 1996; Shedden & Nordgaard, 2001), while the Ptc can be elicited with 

both the target and distractor items being presented individually (Hilimire & Corballis, 2014; 

Hilimire et al., 2012; Jannati et al., 2013).  

 On the other hand, the N2pc and Ptc components can be argued to be dependent with one 

another because they normally covary upon one another’s amplitude (i.e. as the N2pc attenuates, 

the Ptc potentiates), and they operate continuously over time (Hilimire et al., 2009). 

Additionally, the N2pc has also been linked to distractor suppression because like the Ptc, the 

N2pc has also been absent when a visual search display contains a target only with no 

distractors, when distractors have vital information regarding the target, and when distractors 

share similar features with the target (Luck & Hillyard, 1994b). Therefore, though there is 

evidence which points out that these two components may be either separate from or contingent 

with one another, it is decidedly evident that these components mainly reflect the attentional 

processes of visual enhancement and suppression.  

 Factors that affect the Ptc. Compared to the N2pc, the Ptc may have more variation 

because of the complexity involved with distractor processing, such as location-based and 

feature-based attributes (Henare, 2013). The Ptc amplitude has been shown to increase with 
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stronger competition between the visual items (Hilimire et al., 2010). For instance, a stronger Ptc 

was elicited when distractor and target items were closer to one another (Hilimire et al., 2010). In 

their study, Hilimire et al. (2010) interpreted that the stronger Ptc, which was associated with the 

target and distractor items being closer in proximity with one another, meant that a stronger 

suppression was required because of the increased visual competition.  

 However, much evidence suggests otherwise that it is more likely that a stronger Ptc is 

elicited with less competition between the visual items and other top-down processing factors. 

Consistent with Hilimire et al. (2010), our preliminary findings showed that when less salient 

distractors (the letter L) were closer to one another, there was a stronger Ptc (Tahara-Eckl et al., 

2018). But these effects were not strong, and instead, we found that when the distractor was 

more salient (the letter C), an opposite effect occurred—we found a much stronger Ptc when the 

distance between the target and distractor were further apart than closer together (Tahara-Eckl et 

al., 2018). Our finding demonstrated that the Ptc activated differently at different distances, 

which are dependent to the saliency of the distractor. Furthermore, and importantly, we found 

that the Ptc amplitude was significantly stronger and earlier when the distractor looked more 

different from the target (Tahara-Eckl et al., 2018). Lateralised component differences between 

the letter distractors from our preliminary data are shown in Figure 2 below.  

 Supporting our prior findings, Sawaki & Luck (2010) also found that a stronger Ptc was 

elicited when the distractor item was a salient colour singleton than when it was not. They 

suggested that the salient distractor item generated an “attend-to-me” signal which observers 

quickly suppressed (Sawaki & Luck, 2010). Moreover, another study found that a Ptc was 

elicited when eye gaze shifted towards the targets, but not when distractor suppression failed and 

the participant was captured by the salient distractor item (Gaspelin & Luck, 2017). Additionally, 
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studies also demonstrated that the Ptc was stronger on faster response time trials on a similar LAI 

task (Gaspar & McDonald, 2014; Jannati et al., 2013; McDonald, Green, Jannati, & Di Lollo, 

2012), which may demonstrate that a quick response time is related to quick distractor 

suppression, thereby enhancing performance. Hilimire & Corballis (2014) also noted that the Ptc 

attenuates with increased competition between visual items. Therefore, our preliminary dataset, 

along with other studies, support the notion that a stronger Ptc is elicited with a stronger 

distractor suppression, whether that be derived from easier task conditions (and less competition 

between the visual items) and/or better performance.   

 

 

 

 

 

 

 

 Figure 2. Lateralised components between the distractor letter conditions from our 

preliminary data (Tahara-Eckl et al., 2018). Participants would perform better when the 

distractor was a letter C than when it was the letter L. The first major negative deflection is the 

N2pc, and the subsequent major positive deflection is the Ptc. When the distractor was a letter C, 

it generated a weaker N2pc and a stronger and earlier Ptc. When the distractor was a letter L, it 

generated a stronger N2pc and a weaker and later Ptc. Better performance accorded to a stronger 

Ptc and weaker N2pc component. 
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1.3  The Relationship between WMC and Attention 

 What is ‘working memory capacity (WMC)?’ Working memory capacity (WMC) is the 

measure of how well an individual maintains and recalls active information while dealing with 

irrelevant, distracting information (Conway et al., 2005). WMC is measured most accurately 

through complex span tasks because of their high complexity of involving high cognitive loads 

from the maintenance of several items, simultaneous to dealing with distractors (Wilhelm et al., 

2013). Complex span tasks are similar to simple span tasks, except that they require more 

processing and maintenance through additional tasks, thereby tending to have greater difficulty 

and attentional demand (Colom, Rebollo, Abad, & Shih, 2006). A stronger WM ability is related 

to stronger general fluid intelligence (Foster et al., 2015), multitasking, new language learning 

and comprehension, following directions, reasoning ability with novel problems, and higher SAT 

scores (Conway et al., 2005; Oberauer, Süß, Wilhelm, & Sander, 2007). Most of all, WMC has 

been found to be strongly related to performance in attentional tasks, mainly with the control of 

attention in the face of distraction (Engle, 2002; Wilhelm et al., 2013). 

 Strong behavioural correlates between WMC and attention. Rather than merely serving 

as a storage unit or as a ‘memory bank,’ working memory (WM) has been described as “…not a 

memory system in itself, but a system for attention to memory…” (Oberauer et al., 2007). 

Therefore, instead of being quantified as different capacities for item storage, WM should 

perhaps be conceptualised as the ability to efficiently filter out irrelevant information, while 

maintaining relevant information (Gaspar et al., 2016; Luria, Balaban, Awh, & Vogel, 2016; 

Shipstead et al., 2014; Vogel et al., 2005). In this manner, working memory capacity (WMC) is 

construed as the ability to control information through selective attention (Engle, 2002). 

Literature demonstrated that people vary in their capacity to hold items in their WM (Conway, 
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1996; Vogel et al., 2001), and that this ability impacts one’s attentional control (Conway & 

Engle, 1994; Engle, 2002; Shipstead et al., 2014). Several studies demonstrated that HWMC 

individuals (or ‘high spans’) perform significantly better on a variety of cognitive tasks than 

LWMC individuals (or ‘low spans’) (Engle, 2002). Specifically, low spans have been reported to 

be less able to resist proactive interference (i.e. the condition of early memorised material 

interfering with the memorisation of newly learned material) during a word recall task, were 

more likely to forget words (Kane & Engle, 2000), and recall repeated words (Rosen & Engle, 

1997) than high spans. In dealing with distractions, compared to high spans, low spans were 

more distracted during a counting task (Tuholski, Engle, & Baylis, 2001), were more prone to 

hearing their own name (i.e. the ‘cocktail party effect’) and becoming distracted by it during a 

dichotic listening task (Conway, Cowan, & Bunting, 2001), and have stronger saccade 

movements towards distracting stimuli in an antisaccade task (Kane, Bleckley, Conway, & Engle 

2001). Also, LWMC people have poorer prospective memory (i.e. the ability to remember and 

carry out pre-planned actions) and require compensatory processes (Meeks, Pitães, & Brewer, 

2015) compared to HWMC people (Brewer, Knight, Marsh, & Unsworth, 2010), indicating that 

they are more prone to distraction. Additionally, low spans have a harder time considering all 

task rules and adapting to change (Kane et al., 2001), were worse at learning new, complex tasks 

(Barrett, Tugade, & Engle, 2004), and have more difficulty in inhibiting habitual responses to the 

rarer-occurring stimuli in a modified Stroop task (Long & Prat, 2002) than high spans. In this 

manner, LWMC people are unable to perform as well in several areas of cognition as HWMC 

people because they have problems with establishing and maintaining a binding among amassed 

information (Oberauer et al., 2007).   
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 Neural evidence of WM and the CDA. Though there are many studies that undoubtedly 

tie WM and attention behaviourally to one another, few studies exemplify the neural correlates 

that tie them together. Notably, the neural component known as the contralateral delay activity 

(CDA) waveform, has been correlated to the number of items stored in WMC (Vogel and 

Machizawa, 2004). The CDA, also thought to be the sustained posterior contralateral negativity 

(SPCN) (Jolicoeur et al., 2008), is an increased and extended negative signal that occurs after the 

initial lateralised components (N2pc and Ptc) and is posited to be tied to visual WM (Jolicoeur et 

al., 2008; Luria et al., 2016; Vogel & Machizawa, 2004). Essentially, it is recognised that a 

stronger negative CDA indicates a WM higher load of storage. Indeed, Vogel and Machizawa 

(2004) found that as the number of items in the memory array increased, the CDA increased in 

negativity. Other studies also confirmed that CDA did not reflect task difficulty but only the 

number of items retained in the visual field (Luria et al., 2016), thereby emphasizing that CDA is 

a reliable neural measurement of WMC. Furthermore, studies point out neural differences 

through the CDA in individual WMC. For instance, Vogel et al. (2005) found that differences in 

the CDA accorded to one’s WMC during a visual search task. In particular, they found that high 

spans had the same CDA negativity signal for when there were two items and when there were 

two items with two distractors, thereby indicating that high spans efficiently excluded distractors 

from their visual WM. In contrast, low spans had a strong negativity signal in their CDA 

whenever there were four items presented, regardless if two of the items were distractors or not. 

The finding shows that high spans were able to efficiently ignore distractors, as the CDA 

demonstrated similar patterns for efficiency, while low spans were not. Moreover, they found 

that a higher WMC score was positively correlated to higher filtering efficiency (Vogel et al., 
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2005). Additionally, when generally encoding items in a visual search task, HWMC people 

overall have a stronger CDA amplitude compared to LWMC people (Luria et al., 2016).  

 Neural evidence of WM and distractor suppression. Though the CDA provides much 

evidence to being tied closely to WM, in our study, we did not measure the CDA because we 

were not investigating the manipulation of the number of item loads on WMC. Instead, our main 

component of interest was the Ptc or the distractor suppression component. Studies that have tied 

distractor suppression with WM, have demonstrated that people need to filter out or suppress 

distractors more when having to maintain items in their WM (Luria et al., 2016). Particularly, in 

examining the effect of the Ptc on WM, one study found that the Ptc component was elicited 

when observers saw a distractor that had matched an earlier probe (Sawaki & Luck, 2011). 

Because observers had a precursor of what a potential distractor may look like, they were able to 

quickly suppress it when it had appeared again in the visual search task. The finding 

demonstrated that the Ptc activates when people can quickly differentiate the distractor item from 

the target item. Likewise, Gaspelin and Luck (2018) also argue that having previous knowledge 

of the distractor’s appearance elicits a larger Ptc, demonstrating that top-down processes strongly 

influence distractor suppression. Furthering the inference that distractor suppression is strongly 

related to top-down processes, other studies found that distractor suppression can vary according 

to individual ability in attentional control (Gaspar et al., 2016; Sawaki et al., 2017). In our 

preliminary dataset, we also found that HWMC and MWMC participants tended to have a 

stronger Ptc amplitude, which was tied to better task performance compared to LWMC 

participants (Tahara-Eckl et al., 2018). Our finding demonstrated that higher capacity people 

have better filtering efficiency than lower capacity people, which is reflected in having a stronger 

Ptc component. Similarly, another study found that high spans had a stronger Ptc amplitude 
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when distractors were more salient compared to low spans (Gaspar et al., 2016). In this way, 

these studies demonstrate that the Ptc component is tied to superior-performing behaviour of 

distractors suppression, whether that be from individual capability or from having prior 

knowledge or predictability of the task.  

 Taken together, these research studies demonstrate that low spans are much more prone 

to becoming distracted than high spans, and that this distractor processing is key to the 

performance on several cognitive tasks and is tied to the patterns found in the neural 

components. These studies strongly demonstrate that filtering efficiency or distractor processing 

emerges from one’s WMC, which then modulates attentional ability. Therefore, in our study, we 

want to further investigate how WMC and attentional performance relates to the neural 

lateralised components, which are characterised to modulate attention.  

1.4  Summary and Prospect 

 Our visual attentional system is limited through stimuli relevancy and through our own 

cognitive ability. Early and current attentional theories outlined that human attention attends to 

relevant information, while suppressing irrelevant information. Aiding in this process, our 

attentional system also enhances and attenuates this information. Through this ‘seesaw process,’ 

all information still somewhat gets processed through, fluctuating on what becomes relevant 

enough to reach our consciousness. We are interested in how stimuli saliency affects this 

filtering process. Research studies found that if distractors, or irrelevant information, look more 

alike to the target, or relevant information, then we are more likely to make mistakes and 

perform worse. These behavioural differences, due to the differing amounts of stimuli saliency, 

have been tied to lateralised components. Lateralised components, such as the N2pc (visual 

enhancement) and Ptc (distractor suppression) have been found to fluctuate in their amplitude 
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and latency depending upon the saliency of the stimulus. A stronger Ptc is elicited if observers 

are able to ignore and disengage from the distractor in order to process the target, thereby 

resulting in augmented performance. Through behavioural and neural correlates, studies have 

tied attentional control to WMC, which is the ability to modulate incoming stimuli and maintain 

it in our memory. Therefore, we seek to further investigate selective attention and its relationship 

with higher and lower cognitive functioning, and its indication towards cognitive decline.   

1.5  Research Study Purpose 

 The purpose of this study was to investigate the underlying mechanisms of selective 

attention. We are interested in how people respond to different amounts of saliency in distracting 

information, simultaneous to searching for a target in a visual task. Furthermore, this study aims 

to investigate how one’s WMC plays a role in modulating attention. Additionally, we will 

investigate how ERPs, specifically the N2pc and Ptc components, will characterise these 

behaviours and relate to WMC. In investigating these behaviours and neural components, we 

wish to find links to how they function and its indication to impaired cognitive functioning.  
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Chapter 2: Experiment 1 – Examining WMC Differences in Modified LAI Tasks 

 

2.1  Experiment 1 

 This experiment investigated whether stronger differentiation would exist between the 

WMC groups in both the memory probe and the LAI task, and whether the WMC complex-span 

tasks correlated with the memory probe LAI task. We also tested whether participants would 

perform better with a more salient distractor to the target, despite being a dual task, and whether 

it would replicate previous studies (Gaspelin & Luck, 2018; Tahara-Eckl et al., 2018).  

2.2  Materials and Methods 

 Participants. 41 individuals (24 females) aged from 18-35 years old (M = 24.59 years, 

SD = 4.47 years), participated in this experiment. Two participants were excluded from both 

parts of the study because one was colourblind and could not differentiate between the stimuli 

colours, and one had failed both parts of the task. Four participants were excluded from the 

memory probe task of the experiment because they had failed it (50% accuracy rate), but were 

still included in the WMC and the LAI target-decoy tasks of the study. All qualifying 

participants had no history of neurological disorders or epilepsy, had normal, or corrected-to-

normal vision and spoke fluent English as assessed by self-report. Participants were recruited 

through advertisements posted around the University of Auckland, through the online 

psychology mailing list, through the University of Auckland, School of Psychology’s website 

(www.psych.auckland.ac.nz), and through snowballing (recruitment of participants through the 

asking of others who may be interested). All qualifying participants were given the participant 

information sheet, were verbally informed about the research study, and once satisfied, signed 

the informed consent. 37 participants were compensated with a $10 voucher, and four 
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participants received course credit. This study was approved by the University of Auckland 

Human Participants Ethics Committee. 

 All tasks in these experiments were ran through E-Prime software, version 2.0 

(Schneider, Eschman, & Zuccolotto, 2002). All paper documents used to run the experiments are 

located in the Appendix A – E.  

Procedure 

 First, participants completed the demographics questionnaire. Participants were then 

seated in a darkened and quiet room to complete the WMC complex span tasks on a computer. 

Having completed the WMC tasks, participants would then complete the modified LAI task in 

the same room. Participants were allowed a break between the two tasks, if needed. If 

participants scored as either a high or low span in the WMC group, then they were invited to 

complete Experiment 2 on a separate day.  

Experimental Tasks 

 Working memory capacity (WMC) complex span tasks. Participants sat in an isolated 

cubicle within a quiet and darkened testing room, sitting approximately 57 cm from the computer 

screen. Individual WMC was assessed using three different complex-span tasks, which were the 

operation span (OSpan) task, the symmetry span (SymSpan) task, and the rotation span 

(RotSpan) task, all derived from Foster et al. (2015; tasks description and download are available 

from those authors at http://englelab.gatech.edu/tasks.html). Complex span tasks have been 

demonstrated to be an accurate measurement of WMC (Conway et al., 2005). These three tasks 

were chosen as opposed to one because even with fewer blocks, three tasks are more predictive 

of the individual variance in WMC and general fluid intelligence (Gf), than only one task with 

more blocks (Foster et al., 2015). 



WORKING MEMORY AND DISTRACTOR PROCESSING IN ATTENTION 

22 
 

 All complex-span tasks had a ‘memorisation’ portion and a ‘distractor’ portion. The 

memorisation portion required participants to memorise a series of letters or objects, and then 

recall them all in the correct order at the end. The distractor portion required participants to 

answer immediately on a simple task. Participants gave manual responses through keyboard and 

computer mouse presses. Both portions were presented in an alternating order that varied in 

specific length according to the task. The WMC tasks were counterbalanced across participants. 

All tasks had written instructions and were verbally instructed by the researcher. Participants 

were given the opportunity to ask questions, and each task had practice trials to ensure the 

understanding of the tasks. Practice trials also calculated the participant’s response time to the 

distractor portion of the task, which required them to respond within 2.5 standard deviations of 

their average response time. This method helped control for individual differences in response 

time to the difficulty of the task, while still retaining the ability to measure their WMC. This task 

took approximately 35 minutes long.  

 Working memory capacity scoring. All WMC tasks were scored through partial credit 

(partial scoring), which allotted points for every correct recall. Scores were split into tertiles 

(33%, 66%, and 99%). The WMC score was calculated for each participant on all three tasks. All 

participants were included in this analysis, even if their distractor score was under 85%. The 

average distractor scores for each span task and of all three span tasks in general ranged from 

70% -100%. Each individual’s WMC was calculated by taking the z-score from each task, and 

then taking the average of the z-scores from all three tasks, which is consistent for this scoring 

(Conway et al., 2005).  

 Localised attentional interference (LAI) task. This task was adapted from Henare (2013) 

and modifications were done by the author. Visual stimuli luminance was measured using a LS-
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110 Luminance Meter by Konica Minolta in candela per square metre (cd/m2), which was taken 

in the same conditions of the experiment and averaged across three samples. The LAI task 

presented an array of 16 items of a mixture target, distractor, and filler items. These items 

displayed either the letters ‘T,’ ‘L,’ or filled circles (10 mm x 10 mm), which were positioned in 

a circular array in equal distances from one another against a black background (RGB value 0, 0, 

0) (0.27 cd/m2). A small, grey (RGB value 127, 127, 127) (34.70 cd/m2) cross (5 mm x 5 mm) 

was positioned in the centre of the screen where participants were instructed to fixate during 

trials. 

 At the beginning of each trial, participants fixated anywhere from 650-1900 ms on the 

centre cross against a black screen. Fixation was set at 400 ms, with a jitter set after from 250-

1500 ms, which was randomly implemented at any one ms increment. Next, participants were 

presented with the visual stimuli for 200 ms after which a black screen appeared for the 

participant to respond to the orientation of the coloured target letter (T). Participants responded 

to the orientation of the target item as quickly as possible. Responses were made through manual 

button-pressing with their dominant hand on the keyboard (1-upright T, 2-inverted T). If 

participants did not respond to the trial within 5000 ms, then the trial self-terminated, regardless 

of whether a response was given and would move on to the next trial. 14 of the letters were ‘filler 

letters,’ irrelevant and grey-coloured letter Ts (RGB value 127, 127, 127) (34.70 cd/m2) and 

could be presented in one of four different orientations, rotated at 0°, 90°, 180°, or 270° from 

their canonical orientations. The remaining two visual, coloured objects were the target (letter T) 

and distractor, which could either be a letter L or filled circle. Both the target and the distractor 

item were either green (RGB value 34, 177, 76) (50.04 cd/m2) or orange (RGB value 255, 127, 

39) (63.24 cd/m2). The target and distractor items were always coloured in alternative colours to 
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one another in each trial, so that both of them were never the same colour in one trial. The target 

item was an upright or inverted T (0° or 180°), and the distractor item was either the letter L in 

one of the four orientations (0°, 90°, 180°, or 270°) or a filled circle. The target or distractor 

could appear in one of the two positions on the vertical midline (top or bottom). In addition, the 

other target and distractor item were separated randomly at different distances from anywhere 

from the minimum of two positions (one filler in-between), and up to six positions (five fillers 

in-between). In addition, the display also had four grey (RGB value 127, 127, 127) (34.70 cd/m2) 

squares (5 x 5 mm) equally spaced around the centre cross. Each square had a gap on one of its 

four sides, which was randomly chosen, and with one square having a gap either on its top or 

bottom side. This part of the display was not used for this experiment, but was used in 

Experiment 2.  

 Memory probe answer. After every four trials, participants responded what colour (1 for 

‘green,’ or 2 for ‘orange’) the target was on one of the four trials that were shown. The memory 

probe randomly selected one trial from any of the four trials that were presented. Participants had 

up to 5000 ms to respond, and if they failed to respond, the trial would self-terminate and move 

onto the next trial. (See Figure 3 below for the image and schematic of task).  

 Behavioural measurements were accuracy and response time of responding to the target’s 

orientation on the LAI task and to the memory probe answer. Accuracy was measured through 

the percent of correct responses, and response time was measured in milliseconds (ms) from the 

time the stimulus was presented, to the time it took to make a response. Response time was 

analysed only if participants responded correctly for the LAI task and memory probe answer. 

 The modified LAI task comprised a total of 15 blocks, including one practice block at the 

beginning. There were mandatory timed 30-second long breaks between each block, preceded by 
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alternated untimed breaks that ended with the participant’s keyboard response when they were 

ready to continue to the next block. There were a total of 840 experimental trials, with 60 trials in 

each block. Blocks were approximately 2-3 minutes long, and the task was approximately 45 

minutes long.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Example of the modified LAI task. The target is an inverted ‘T’ in green on the 

lower visual field midline, and the distractor is the letter ‘L’ in orange, lateralised to the right. 

Participants had up to 5000 ms to respond—if no response was detected, the trial would self-

terminate and move onto the next trial. Trials would repeat three more times, and then the 

memory probe screen would appear, which would prompt participants to recall the colour of the 

Fixation (650-1900 ms) 

Stimuli (200 ms) 

Response (up to 5000 ms) 

What was the colour of the 
target letter on trial 3?  

      

LAI  

Memory Probe 
. . .  

 . . .  

  . . .  

Response (up to 5000 ms) 

Repeat 3 more times 
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target letter (T), in any of the one of the four trials that were shown. If no response was detected 

within 5000 ms, the trial would self-terminate and move onto the next trial.  

Data Analyses 

 All statistical analyses were carried out with IBM SPSS Statistic 23. Alpha level for 

significance was set at .05. When analyses returned significant levels that were above this 

threshold of .05 but below an alpha level of .10, they were still followed up and discussed about, 

but noted that they were non-significant. Additionally, analyses that were not directly answering 

Experiment 1’s hypotheses, but still addressed our main research question, were followed up in a 

separate, further exploratory analyses section. We used a Pearson’s correlation coefficient test to 

examine whether the WMC complex-span tasks correlated with the LAI memory probe task. We 

used split-plot ANOVAs to examine the effects of distractor identity (letter L and filled circle) 

and WMC (low, medium, and high) on task performance (both accuracy and response time). We 

used a 3-way between groups, ANOVA to examine the behavioural differences between the 

WMC groups in the memory probe task. All follow-up tests were conducted with a Bonferroni 

correction, which were post hoc tests for between group comparisons and simple effects tests for 

significant interactions.  

 Preliminary analyses. We tested normality and homogeneity for all data, which were the 

independent variable (WMC groups and the distractor identity conditions) on the dependent 

variables (accuracy and response time of the tasks). Normality of the data was checked through 

the Kolmogorov-Smirnov (K-S) test and normality distributions, while the homogeneity of the 

data was checked through Levene’s Test of Equality. On some variables, since the K-S test was 

violated, we conducted a further test for normality. We found that most of the data were 

acceptably normal according to the ‘two times rule’ (i.e. the SE, being doubled, must be larger 

than the kurtosis statistics and skewness value). Because of violation of the K-S tests, we further 
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checked normality with histograms and box plots, which displayed relatively normal 

distributions of the data. Most variables did not violate Levene’s Test of Equality, and the data 

were acceptable according to the ‘four times rule’ (i.e. the variance of one variable cannot be 

more than four times another variable) (Field, 2017).    

2.3  Results  

 WMC scores. We split the collective scores from the WMC span tasks into tertiles, 

representing participants with low working memory capacity (LWMC), medium working 

memory capacity (MWMC), and high working memory capacity (HWMC). WMC scores were 

relatively normal distributed which can be found in Appendix F. Z-scores ranged from -1.98 to -

0.14 in the LWMC group (n = 15), from -0.16 to 0.47 in the MWMC group (n = 15), and from 

0.53 to 0.97 in the HWMC group (n = 11). Groups were not split into a perfect tertile manner 

because it was necessary to allocate participants to their WMC group in order to determine 

immediately whether they would complete an EEG session. In order to examine the relationship 

between WMC and the performance on the memory probe task, we also standardised each score 

into a percentage, so that we had continuous values for both variables.  

LAI analyses. We first conducted a 2 x 3 split-plot ANOVA to investigate the effects of 

distractor identity (two levels-distractor Ls or filled circles) as a within-subjects factor and WMC 

(three levels-low, medium, or high) as a between-subjects factor on task accuracy. We found a 

significant main effect of distractor identity on task accuracy, such that participants were more 

accurate when the distractor was a filled circle (M = 95.51, SE = .51) than when the distractor 

was the letter L (M = 94.80, SE = .61), F(1, 35) = 5.18, p = .029. There was no significant main 

effect of WMC on task accuracy, F(1, 36) = 1.55, p > .05. We found an interaction between 
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distractor identity and WMC on task accuracy, but it did not reach the threshold for statistical 

significance, F(2, 36) = 2.54, p = .093.  

We conducted a similar 2 x 3 split-plot ANOVA to investigate the effects of distractor 

identity and WMC on task response time. We found a significant main effect of distractor 

identity on task accuracy, such that participants were faster when the distractor was a filled circle 

(M = 762.04, SE = 32.45) than when the distractor was the letter L (M = 852.09, SE = 32.30), 

F(1, 36) = 145.02, p < .001. Likewise, we found a main effect of WMC on task response time, 

which almost reached statistical significance, F(2, 36) = 3.19, p = .053. There was no significant 

interaction between distractor identity and WMC on task response time, F(2, 36) = .79, p > .05. 

The distractor identity effects (L vs. filled circles) of the LAI task on accuracy and response time 

can be seen in Figure 4 below.  

 

 

 

 

 

 

 

 

 

Figure 4. Behavioural differences between the identity conditions on the LAI task. 

Participants performed significantly better (both higher accuracy and faster response time) when 

the distractor was a filled circle than when the distractor was a letter L. Error bars depict SEM. 

Significance values of * is p < .05 and ** is p < .001.  
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 Effects approaching significance. The interaction between distractor identity and WMC 

group on task accuracy approached significance (p = .093) but failed to reach the 0.05 threshold. 

Nevertheless, because we were interested in investigating the effects of WMC on attentional 

modulation, we explored the relationship between these factors with simple effects tests. 

Pairwise comparisons with a Bonferroni adjustment showed that for the LWMC group, there was 

a tendency for participants to be more accurate when the distractor was a filled circle (M = 94.59, 

SE = .76) than when the distractor was a letter L (M = 93.32, SE = .89), p = .024. A similar 

pattern was found for the HWMC group (filled circle, M = 96.75, SE = .61; letter L, M = 95.52, 

SE = 1.16), almost reaching significance (p = .052). There were no significant differences 

between the distractor identity conditions within the MWMC group, p > .05. This comparison is 

shown in Figure 5 below.  

 

 Figure 5. An interaction between distractor identity and WMC on LAI task accuracy that 

approached statistical significance. For the LWMC and HWMC group, participants tended be 

more accurate when distractors were filled circles than letter Ls. There was no difference in 

accuracy between the distractors within the MWMC group. Error bars depict SEM. 
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 Likewise, we followed up the main effect of WMC on response times, which also 

narrowly failed to reach the threshold for statistical significance, F(2, 36) = 3.19, p = .053. 

Pairwise comparisons, with a Bonferroni correction revealed a trend, showing that HWMC 

participants (M = 688.45, SE = 36.68) were faster than LWMC participants (M = 876.92, SE = 

69.94), p = .057. There was no significant difference in response time between the HWMC and 

MWMC groups or between the MWMC and LWMC groups, p > .05. This comparison is shown, 

along with the accuracy rates between the WMC groups (though not significant), in Figure 6 

below.  

 

 Figure 6. Behavioural differences between the WMC groups on the LAI task. The 

HWMC group tended to be faster than the LWMC group. There were no differences in response 

times between the HWMC and MWMC group and the MWMC and LWMC group. There were 

no significant differences in accuracy between the WMC groups. Error bars depict SEM. 
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found a significant, negative correlation between WMC score and memory probe task response 

time, r(33) = -.34, p = .047. Figure 7 below shows that as participants had a higher WMC score, 

they were more accurate and faster on the memory probe task.  

 

 

 

 

 

 

 

Figure 7. A significant, strong positive correlation was found between an individual’s 

WMC score and their memory probe accuracy, and a significant, negative correlation was found 

between WMC score and memory probe task response time. Participants’ WMC scores were 

derived from the three complex span tasks (OSpan, SymSpan, and RotSpan), and the memory 

probe accuracy was when participants were enquired about the target letter’s colour every four 

trials in the LAI task. As participants scored higher on the WMC test, then they would score 

higher or be faster on the memory probe task.  

 
 Memory probe analyses. Because we found a significant and strong correlation between 

an individual’s WMC and their memory probe performance, we were also interested in whether 

the WMC groups significantly differed in their memory probe performance. In order to 

investigate the effects of WMC on task accuracy, we conducted a one-way, 3 x 1 between-

groups ANOVA. We found a significant difference among the WMC groups on the memory 

probe accuracy, F(2, 32) = 4.32, p = .022. We conducted a similar one-way, 3 x 1 between-

groups ANOVA to investigate the effects of individual WMC on task response time. There were 
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no significant differences among the WMC groups on the task response time, F(2, 32) = 1.42, p 

> .05. 

 We conducted post hoc tests to follow up the main effect of WMC on task accuracy. 

Pairwise comparisons, with a Bonferroni correction, revealed a trend, showing that HWMC 

participants (M = 94.95, SE = 2.03) tended to be more accurate than LWMC participants (M = 

87.36, SE = 1.97), p = .056 and were significantly more accurate than MWMC participants (M = 

87.14, SE = 2.07), p = .034. There was no significant difference in accuracy between MWMC 

and LWMC participants, p > .05. The effect of WMC (low, medium, and high spans) on the 

accuracy of the memory probe task is displayed in Figure 8 below.   

 

 

 

 

 

 

 

 

 

 Figure 8. Behavioural performance between the WMC groups on the memory probe 

portion of the LAI task. HWMC participants performed significantly more accurately than 

MWMC participants and marginally more accurately than LWMC participants. There was no 

significant difference in accuracy between the MWMC and LWMC groups, and there were no 

significant differences in response time between the WMC groups, though there was a pattern 

that depicted that the higher one’s WMC was, would ensue a faster response. Error bars depict 

SEM. Significance values of * is p < .05. 

0

200

400

600

800

1000

1200

1400

1600

1800

2000

78

80

82

84

86

88

90

92

94

96

98

LOW MED HIGH
R
T 

(m
s)

 -
Li

ne

A
cc

ur
ac

y 
R
at

e 
(%

) 
-

B
ar

s 

WMC groups

* 

p = .056 



WORKING MEMORY AND DISTRACTOR PROCESSING IN ATTENTION 

33 
 

 

Further exploratory analyses.  

 We conducted further exploratory analyses that did not directly answer our original 

hypotheses but still addressed our main research question.  

Memory probe task as an indicator of attentional performance. Because we found a 

strong correlation between the memory probe and WMC score, we wanted to further investigate 

whether the memory probe task would be a better indicator of one’s accuracy on the LAI task, 

and therefore be a better representative of one’s WMC. We determined individual WMC through 

accuracy performance on the memory probe task. We again split participants into tertiles 

according to how well they performed on the memory probe task, with a low performance group 

(n = 12), medium performance group (n = 11), and high performance group (n = 12). Participants 

who had failed the memory probe task had around a 50% correction rate (range 47-62%; n = 5), 

(and also happened to have an average response time of less than 1000 ms), were not included in 

this analysis. All other participants scored within 72%-100% (and also had an average response 

time greater than 1000 ms).  

First, in order to investigate whether there was a significant difference among the 

memory performance groups based upon their memory probe accuracy (3 levels-low, medium, or 

high performance), we conducted a one-way, 3 x 1 between-groups ANOVA. We found a 

significant difference among the memory performance groups on the memory probe task 

accuracy, F(2, 32) = 56.78, p < .001. Follow-up pairwise comparisons, with a Bonferroni 

correction, revealed that the high performance group (M = 96.94, SE = .52) was significantly 

more accurate than both the medium performance group (M = 90.56, SE = .76) and the low 

performance group (M = 80.91, SE = 1.61), p < .001. Additionally, we found that the medium 

performance group was significantly more accurate than the low performance group, p = .001. 
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These results demonstrate that this tertile split effectively segregated the performance level of the 

groups we defined. We then conducted another one-way, 3 x 1 ANOVA to investigate whether 

there was a significant difference among the memory performance groups on the response time 

on the memory probe task. We found a significant difference between the memory performance 

groups on task response time, F(2, 32) = 3.36, p = .047. Follow-up pairwise comparisons, with a 

Bonferroni correction, revealed an effect which approached towards statistical significance, 

showing that the high performance group (M = 1418.47, SE = 62.23) tended to be faster than the 

low performance group (M = 1702.63, SE = 90.89), p = .068. There were no significant 

differences in response time between the high and medium performance groups and between the 

medium and low performance groups, p > .05.  

Having been derived from the performance of the memory probe task, we then compared 

the memory performance groups to LAI task performance. We conducted a 2 x 3 split-plot 

ANOVA to investigate distractor identity (2 levels-distractor Ls or filled circles) as a within-

subjects factor and memory performance (3 levels-low, medium, or high) as a between-subjects 

factor on task accuracy. There was no significant main effect of distractor identity on task 

accuracy, F(1, 32) = 2.08, p > .05, which may have been because of the smaller number of 

participants. We found a significant main effect of the memory performance groups on task 

accuracy, F(2, 32) = 3.72, p = .035. There was no significant interaction between distractor 

identity and memory performance groups on task accuracy, F(2, 32) = .10, p > .05. We 

conducted post hoc tests to follow up the significant main effect of the memory performance 

group on task accuracy. Pairwise comparisons, with a Bonferroni correction, revealed that the 

high performance group (M = 96.96, SE = .65) was significantly more accurate than the low 

performance group (M = 93.56, SE = 1.28), p = .031. There were no significant differences in 
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accuracy between the high and medium performance groups or between medium and the low 

performance groups, p > .05.  

We conducted a similar 2 x 3 split-plot ANOVA to investigate the effects of distractor 

identity and memory performance on task response time. We found a significant main effect of 

distractor identity on task response time, in that participants were faster when the distractor was a 

filled circle (M = 778.32, SE = 33.95) than the letter L (M = 868.81, SE = 32.95), F(1, 32) = 

149.16, p > .001. There was a main effect that neared the statistical significance threshold of the 

memory performance groups on task response time, F(2, 32) = 2.81, p = .075. There was no 

significant interaction between distractor identity and memory performance groups on task 

accuracy, F(2, 32) = 1.98, p > .05.  

Despite the lack of statistical significance of the main effect, we nevertheless conducted 

post hoc tests to explore the effect of memory performance on task response time that was close 

to statistical significance (p = .075). Pairwise comparisons, with a Bonferroni correction, 

revealed a trend showing for the high performance group (M = 723.77, SE = 56.96) to be faster 

than the low performance group (M = 899.49, SE = 48.01), p = .084. There were no other 

significant differences in response time between the high and medium performance groups and 

between the low and medium performance groups, p > .05. Behavioural performance differences 

between the WMC groups are shown in Figure 9 below.  
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Figure 9. Behavioural performance between the memory performance groups (derived 

from performance of the memory probe task) on the LAI task. The high performance group 

performed significantly more accurately and tended to be faster than the low performance group. 

There were no significant differences between the high and medium performance groups and 

between the medium and low performance groups on the accuracy and response times in the LAI 

task. Error bars depict SEM. Significance values of * is p < .05. 

No speed-accuracy trade-off on the tasks. We were interested in whether participants 

perpetrated a speed-accuracy trade-off on LAI task and memory probe task, and whether this 

trade-off was evinced more in certain WMC groups over others. To investigate whether there 

was a speed-accuracy trade-off on the LAI task, a Pearson’s product-moment correlation 

coefficient was computed, and it showed that there was no significant correlation between LAI 

task accuracy and task response time, r(37) = -.22, p > .05. We did not conduct any further 

analysis between the WMC groups since we found no significant correlation. To investigate 

whether there was a speed-accuracy trade-off on the memory probe task, a Pearson’s product-

moment correlation coefficient was computed. We found a correlation nearing statistical 
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significance, which showed that accuracy tended to be negatively correlated with response time 

in the memory probe task, r(33) = -.33, p = .051. Instead of showing a speed-accuracy trade-off, 

the tentative effect showed that as participants were more accurate, they tended to also be faster 

on the memory probe task. We then wanted to know whether this correlation would exist per 

each memory group, and so a Pearson’s product-moment correlation coefficient was computed 

separately for the low, medium, and high WMC groups. However, we found no significant 

correlations between memory probe accuracy and response time in any of the WMC groups, all p 

> .05. Although there were no significant correlations within the WMC groups, we found that the 

HWMC group tended to have the strongest negative correlation, r(8) = -.47, p = .18, compared to 

the LWMC, r(9) = -.37, p = .26, and MWMC, r(12) = -.07, p = .81, group. This pattern may 

indicate that higher WMC participants tend to portray a stronger association between accuracy 

and response time, as opposed to the lower WMC participants. Though there may be an evident 

relationship within the WMC groups, the lack of a significant correlation may have been due to 

the small number of participants in each of the WMC groups.  

Memory deterioration rates across trial numbers. As the number of items (essentially the 

number of trials) increased up until the memory probe, we would expect that performance would 

falter, since the individual is maintaining a higher number of items in their WM. Therefore, we 

were interested in whether this memory deterioration existed overall among participants, and 

whether it would differ between the WMC groups. We conducted a 3 x 4 split-plot ANOVA to 

investigate the effects of WMC (high, medium, and low spans) and trial numbers (1, 2, 3, and 4) 

on task accuracy. There were no significant main effects in accuracy on the WMC groups (F(2, 

36) = 1.55, p > .05) and on the trial numbers, (F(3, 108) = 1.14, p > .05). There were no 

significant interactions, F(6, 108) = .44, p > .05.  
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We conducted a similar 3 x 4 split-plot ANOVA to investigate the effects of WMC and 

trial number on task response time. We found a significant main effect of trial numbers on 

response time, F(3, 108), = 13.88, p < .001. Pairwise comparisons with a Bonferroni correction, 

revealed that participants were significantly faster on trial 2 (M = 761.22, SE = 14.15), compared 

to all of the other trials, which were trial 1 (M = 828.30, SE = 14.88), trial 3 (M = 801.41, SE = 

14.04), and trial 4 (M = 836.31, SE = 13.96), all p < .001. Pairwise comparisons also showed that 

participants were significantly faster on trial 3 (M = 801.41, SE = 14.04) than on trial 4 (M = 

836.31, SE = 13.96), p = .001. There were no other significant differences in response time 

between the trial numbers, p > .05. We also found a main effect that closely reached the 

threshold for statistical significance of WMC on response time, F(2, 36) = 3.18, p = .053. 

Pairwise comparisons, with a Bonferroni correction revealed another trend, which nearly reached 

statistical significance in that HWMC participants (M = 688.19, SE = 37.67) tended to be faster 

than LWMC participants (M = 876.57, SE = 71.58), p = .057. There were no other significant 

differences in response time between the WMC groups, p > .05. There were no significant 

interactions, F(6, 108) = .32, p > .05. The effect of the number of trials on response time of the 

memory probe task is displayed in Figure 10 below.   
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Figure 10. The response time per each trial number of each WMC group on the LAI 

memory probe task. Participants were significantly faster on trial 2 compared to all of the other 

trials, and participants were faster on trial 3 compared to trial 4. HWMC participants tended to be 

overall faster than LWMC participants. Error bars depict SEM. Significance values of * is p < 

.05 and ** is p < .001.  

 

2.4  Discussion  

Strong distractor identity effects remain. Despite our modified LAI task containing a dual 

element, significant differences in behavioural performance were still found between the two 

distractor identities, as participants performed better (both higher accuracy and a faster response 

time) when the distractor was a filled circle than when the distractor was a letter L. The finding 

is consistent with previous studies (Gaspelin & Luck, 2018; Mounts et al., 2007; Tahara-Eckl et 

al., 2018), demonstrating that our participants were better able to suppress the more salient 

distractor that looked more different from the target. The finding is also consistent with the 

visual competition bias, supporting the notion that when the attentional fields overlap due to the 
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items being more alike or closer to one another, it creates stronger competition between the items 

and decreases performance (Desimone & Duncan, 1995).  

Because we found that there were still strong behavioural effects between the two 

distractors, despite having to do another part of the task, we therefore concluded that the 

modified LAI task should be appropriate for combination with EEG recording to identify 

lateralised components tied to this behaviour. The dual task may also be more relevant towards 

an individual’s WMC than the traditional LAI task, since it draws a stronger discrepancy 

between the WMC groups. Previous studies have shown that people with a higher WMC people 

have stronger Ptc amplitudes compared to people with a lower WMC (Gaspar et al., 2016; 

Tahara-Eckl et al., 2018), which may thus depict stronger distinctions among the WMC groups’ 

lateralised components from this modified LAI task. Furthermore, as this memory probe task 

required participants to hold items in their WM, the contralateral delay activity (CDA) signal 

may be an effective lateralised component to measure and compare to the memory load, as 

previous studies found that the CDA was indicative of both memory load and individual WMC 

(Vogel & Machizawa, 2004; Vogel et al., 2005). Therefore, with both the Ptc and CDA 

component, we may find strong differences in varying the number of items upon the memory 

load, varying the types of saliency in the distractors, and between the WMC groups. 

Limited effects of WMC upon the LAI task. Similar to our preliminary data (Tahara-Eckl 

et al., 2018), we found that differences were not very strong between WMC groups on their LAI 

task performance. While accuracy did not significantly differ among the WMC groups, we found 

an effect that approached statistical significance, which showed that HWMC participants tended 

to be faster than LWMC participants on the LAI task by around 200 ms. We did not find any 

interaction between WMC and the distractor letters conditions, which is in contrast to other 
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findings, they demonstrated that better distractor-suppression efficiency, leading to enhanced 

performance, was evident in high spans compared to low spans (Engle, 2002; Gaspar et al., 

2016; Luria et al., 2016; Shipstead et al., 2014; Vogel et al., 2005). Based upon these previous 

studies, we would expect that high spans would have a significantly stronger performance 

difference in differentiating between the distractor conditions more than the low spans, thereby 

performing better when the distractors were a letter C than a letter L. However, we may have not 

come upon this finding because our task is rather effortless and simplistic (i.e. many participants 

had an accuracy rate of over 90% on the task), thereby not requiring a high cognitive demand. A 

higher cognitive demand (i.e. a more difficult task) may challenge individuals on more levels, 

thereby separating the performance levels between the WMC groups. Also, comparably, in both 

our preliminary dataset and this study, though non-significant, the LAI tasks revealed that the 

HWMC group tended to have both high accuracy and fast response times, while the LWMC 

group tended to have both low accuracy and slow response times. The MWMC group tended to 

have high accuracy like the HWMC group but tended to have a slower response time, which is 

similar to the LWMC group. Though non-significant, this apparent pattern may differentiate the 

WMC groups from one another, which may be drawn out more with a more challenging task.   

 Memory and attention correlates. We found that the memory probe had a strong, positive 

correlation with the performance on the complex span WMC tasks, as we found that better 

performance (both a higher accuracy and faster response time) on the memory probe was 

positively related to a higher score on the WMC tasks. As participants had a higher WMC, they 

tended to do better on the memory probe task. Furthermore, we found that the WMC groups 

were clearly different from one another through their performance on the memory probe task. 

The HWMC group outperformed both the MWMC and LWMC groups in accuracy, though not 
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as strongly in response time on the memory probe task. In this way, the memory probe task 

distinctly divides between the performance level of the higher and lower WMC groups. Our 

experiment demonstrated strong correlations between one’s WMC and performance on the 

memory probe task. Therefore, the memory probe may be sufficient in determining one’s WMC. 

Higher accuracy with more trials. Since we found that WMC complex tasks scores 

significantly correlated with memory probe task performance, we were interested in whether 

one’s memory probe task score would better characterise their WMC. Thus, we were interested 

in whether one’s memory probe score would draw a stronger distinction than their WMC score 

on their LAI task performance. By using memory probe accuracy to differentiate individual 

WMC, rather than the complex span WMC tasks, accuracy on the LAI task was found to be 

significantly higher for the high than the low performance group. In this way, the memory probe 

task may be more accurate in determining one’s WMC than the complex span tasks. The 

complex span WMC task paradigm developed by Foster et al. (2015) may not have been 

sensitive enough to differentiate performance levels among participants. One reason for these 

differences between the tasks may be because the memory probe task was integrated within the 

LAI task, thereby being closely connected to the LAI task because of the familiarity and close 

timeframe. Another reason may be possibly due to the small number of trials on the complex 

span tasks, which were inefficient to capture a truer variance of the individual’s WMC. Our 

memory probe task contained far more trials (210 trials) compared to the WMC complex span 

tasks (53 trials), thereby generating a more reliable representation of the participant. Since WM 

is depicted as controlling and manipulating information (Conway et al., 2005; Engle, 2002), 

increasing task complexity may be more definitive towards representing one’s true WMC. 

Indeed, by making the memory probe task more difficult and relating more to the complex span 
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tasks (i.e. varying the number trials needing to be memorised), may yield to a more accurate task 

in measuring one’s WMC. Likewise, in our memory probe task, eliminating the ability to 

rehearse the colours of the target stimuli may make the task harder and thereby be able to 

differentiate more strongly between the WMC groups. Lessening the ability repeat the relevant 

stimuli is a characteristic in the complex span tasks (Foster et al., 2015).  

Dual-task reveals a compensatory process. Our modified LAI task, containing both 

elements of selective attention and WM, revealed a possible compensatory process that was 

evident in the LWMC group but not in the HWMC group. Within the LAI task, though the 

interaction was not significant, it portrayed that the LWMC group tended to have a stronger 

performance difference between the two distractors than the HWMC and MWMC groups. 

Previous literature has pointed out that this ability to discriminate between the more and less 

salient distractors is typically a characteristic of better performance (Vogel et al., 2005). This is 

because the individual is efficiently using their suppressive ability to tell apart the items in their 

visual field. HWMC people have also been described as being able to select relevant contextual 

cues to help with retrieval, unlike LWMC people (Unsworth, 2009). Indeed, as filtering 

efficiency is a characteristic of better performance, it is therefore also a characteristic of higher 

cognitively capable individuals (Engle, 2002; Vogel et al., 2005). However, within our particular 

task, we interpreted the finding as evidence that the LWMC group were more susceptible to ‘the 

distraction’ of the target-decoy portion of the task because ultimately, they had performed worse 

on the memory probe compared to the HWMC group. We characterised this ‘trade-off 

behaviour’ as a compensatory process within the LWMC group, who showed that they were 

unable to perform efficiently on both parts of the task. In contrast, the HWMC group performed 

significantly better on the memory probe compared to the other lower WMC groups, and they 



WORKING MEMORY AND DISTRACTOR PROCESSING IN ATTENTION 

44 
 

were also still able to effectively distinguish between the distractors, as evinced by their 

tendency to perform better on the more salient distractor over the less salient distractor. 

Furthermore, the HWMC group still performed better overall on the LAI task than the lower 

WMC groups, showing that the LWMC groups’ stronger distinction between the distractors did 

not benefit their performance on the task. Meanwhile, the MWMC group did not show this 

distractor suppression efficiency between the two distractors, and their memory probe task 

performance was just as poor as the LWMC group, though their LAI task performance was still 

better than the LWMC group. In this manner, we found that the HWMC group was able to 

perform sufficiently well on both parts of a dual task, while the LWMC group had to compensate 

through performing worse on one part of the task in order to then facilitate their ability and 

perform well on another part of the task.     

Different memory deterioration rates not evident among WMC groups. On the memory 

probe task, we were interested in whether participants’ performance would vary from trial to trial 

and whether WMC played a role in these ‘memory rates,’ or the performance variation between 

each of the trials. We found that accuracy did not differ but that response time did, demonstrating 

that response time was a more sensitive marker to the changes between the trials. We found that 

participants were fastest on trial 2 than on all of the other trials, were faster on trial 3 than on trial 

4, and were just as equally fast on trial 1 and trial 4. Typically, it would be expected that 

response times should increase as the number of items having to be remembered increases. 

Studies have found that a bigger memory load puts more strain upon mental capacity, thereby 

inducing a higher demand for time in order to keep everything organised and coordinated 

(Conway et al., 2005; Engle, 2002). In our experiment, though we did not directly test out a 

“memory load” (since participants would have to remember all four trials each time), we 
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similarly looked at how the duration of the items being held in one’s WM affected their 

performance.  

For the most part, our results showed that participants became slower with each 

additional item having to be remembered, except for the distinct fastest response time found in 

trial 2 against the other trials. The notably fast response time in trial 2 could indicate that not 

only the number of items having to be held was small at this point, but that participants were still 

‘recovering’ in trial 1, from having just answered the memory probe. Additionally, because 

participants responded more slowly on trial 1 compared to trial 2, this could mean that the 

interference of the previous sequence of trials could be interfering with the new set of trials, and 

participants are having to actively forget the previous sequence of trials, thereby putting a strain 

on the participant’s mental capacity on the first trial. Active forgetting is a cognitive function 

which involves effortful attention (Fawcett & Taylor, 2008). Seeing that trial 1 and trial 4 had the 

slowest response times supports the idea that participants had a strong mental capacity strain on 

both of these trials. Participants were faster in trial 3 than in trial 4, which implied that increasing 

items having to be remembered increased response time. In addition to the contribution of the 

increasing items, participants could also be preparing to answer the memory probe on trial 4, 

which requires time from having to recall all of the target colours from the previous trials.  

We had also found that these memory rates did not differ between the WMC groups. All 

WMC groups showed a similar pattern of response times, in that participants were fastest on trial 

2, and slowest on trial 1 and trial 4. These similar performance rates on trial numbers between 

the WMC groups could express that participants were more alike than different from one 

another, as considerably expected since our sample was only drawn from a young, healthy 

population. Similar rates could also illustrate that the task was again too simplistic and not 
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challenging enough to differentiate between higher and lower WMC groups. Testing different 

groups, such as aging or clinical populations compared to a young and healthy population, may 

conceivably depict not only stronger overall differences in performance, but also trial-by-trial 

differences. Furthermore, despite not finding significant behavioural WMC differences between 

trials, neural evidence in the form of ERPs, may perhaps draw out these finer details between the 

WMC groups, as other studies have found these significant differences (Gaspar et al., 2016; 

Vogel et al., 2005).  
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Chapter 3. Experiment 2 – Examining Distractor Saliency Effects on Lateralised 
Components 

 

3.1  Experiment 2 

 For Experiment 2, if participants from Experiment 1 were classified as either HWMC 

or LWMC, then they were invited to complete Experiment 2 on a different day, which 

involved completing another version of the LAI task, while being recorded by a high-density 

electroencephalogram (EEG).  

 The purpose of this experiment was to follow up on the effect found in our 

preliminary dataset, in which the more salient distractor (letter C), paired with greater 

behavioural performance, produced a stronger Ptc than the less salient distractor (letter L) 

(Tahara-Eckl et al., 2018). In our experiment, we hypothesised that a more salient distractor 

(filled circle), which possessed a more contrasting feature from the target (i.e. a different 

shape), as opposed to just being a different letter, would produce an even stronger 

suppressive component. With this stronger Ptc component, we hypothesised that it would also 

correlate more strongly to one’s WMC, thereby drawing significant differences between the 

WMC groups. Specifically, we predicted that HWMC participants would have a stronger Ptc 

component, which would tie into them having a more efficient suppressive system, compared 

to LWMC participants. The memory probe task from Experiment 1 was also used to analyse 

the behavioural performance and neural components in Experiment 2, in order to again 

investigate whether the memory probe task is a better indicator of WMC than the complex 

span tasks. Additionally, a centrally located task (called the ‘centre task’) was added to this 

experimental paradigm to investigate further behavioural and neural differences associated 

with the LWMC and HWMC groups. Therefore, the LAI task used in this experiment was 

divided into the ‘target-decoy task,’ which required participants to respond to peripheral 

stimuli, and the ‘centre task,’ which required participants to respond to central stimuli.    
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3.2  Materials and Methods 

 Participants. 24 individuals (16 females) aged from 18-35 years old (M = 24.54 years, 

SD = 4.32 years) participated in this experiment. 24 participants were included in the WMC 

analyses. For behavioural analyses, 24 participants were included in the target-decoy task 

analyses, and 23 participants (one excluded due to task failure) were included in the centre 

task analyses. For EEG analyses, 23 participants were included in the target-decoy task (one 

excluded), and 20 participants were included in the centre task (four excluded). Exclusions 

from EEG analyses were due to frequent eye movements resulting in excessive artefacts. 

Participants that qualified met the same criteria as the previous study. 21 participants were 

compensated with a $10 voucher, and three participants received course credit. This study 

was approved by the University of Auckland Human Participants Ethics Committee. 

 WMC. Participants’ WMC was determined from the complex span tasks that were 

done from Experiment 1. 14 participants made up the LWMC group, and 10 participants 

made up the HWMC group.  

 LAI task. The LAI task is identical to what was used in Experiment 1, but it did not 

contain the memory probe portion and instead contained the centre task. Additionally, since 

this experiment took place within a different room in order to run the EEG, visual stimuli 

luminance was measured once again using the LS-110 Luminance Meter. The target or 

distractor items, (letter Ts, Ls, or filled circles) would be in either an orange (17.64 cd/m2) or 

green (14.22 cd/m2) colour, while the fixation cross and the filler items would be a grey 

(10.88 cd/m2) colour against a black background (0.09 cd/m2).   

 Centre task. On some blocks, participants were required to choose the orientation of 

the centre squares. There were four squares in the centre of the screen, which each had a 

missing side. Of the four squares, one would have its opening at either the top or the bottom, 
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while the rest of the squares have their opening on the left or right sides. Similar to the LAI 

task, participants were required to fixate on the centre cross for 400 ms, with a subsequent 

jitter that was random anywhere from 250-1500 ms at one ms increments. The visual stimuli 

appeared onscreen for 200 ms, after which a black screen would appear for the participant to 

respond to the maximum of 5000 ms, or else the trial would self-terminate. Participants were 

to press 1 if the opening of one of the squares was upright, and 2 if the opening of one of the 

squares was upside-down. Figure 11 displays an example of this visual stimuli screen below.  

 

Figure 11. Example of the modified centre task in the LAI task. In this example, the 

target is the upright square (the gap facing up) in the bottom left side of the centre of the 

screen, while the other squares facing left or right, are distractors. If no response was detected 

within 5000 ms, the trial would self-terminate and move onto the next trial.  

 The modified LAI task comprised a total of 18 blocks, including two practice blocks, 

per each task. There were 12 blocks of the LAI task and four blocks of the centre task, which 

participants complete in an alternated order (i.e. three blocks of the LAI task, then one block 

of the centre task). Between each block, there were breaks which alternated between 

mandatory 30-second long breaks or untimed breaks (which were still preceded by a 

mandatory 30-second long break) that ended with the participant’s keyboard response when 

they were ready to continue to the next block. There were 960 experimental trials in the 

target-decoy task and 320 experimental trials in the centre task, with 80 trials in each block. 

Blocks were approximately three minutes long, and the task was about one hour long.   
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EEG recordings. An electroencephalography (EEG) recorded participants’ neural 

activity during the LAI task. The lateralised components were recorded from electrodes 58 

and 96 (E58/E96) on the Electrical Geodesics Inc. (EGI) system (P7/8 respectively, on the 

International 10-20 system). These sites were chosen because previous studies have shown 

that our interested lateralised components are elicited the most in these regions (Hickey et al., 

2009; Sawaki & Luck, 2010). EEG impedance checks were done twice: before and halfway 

between the LAI task. To lessen EEG impedance and noisy signals, participants were shown 

their own live trace of the EEG signal and were encouraged to minimise their eye, face, and 

body movements during recordings of the task.  

 EEG recordings were collected using the NetStation Package software programme. 

EEG recordings took place in an electrically shielded room (IAC Noise Lock Acoustic – 

Model 1375, Hampshire, United Kingdom) using 128-channel Ag/AgCl electrode nets 

(Tucker, 1993) from Electrical Geodesics Inc., (Eugene, Oregon, USA). EEG was recorded 

continuously (1000 Hz sample rate; 0.1-100 Hz analogue bandpass) with Electrical Geodesics 

Inc. amplifiers (300-MΩ input impedance). Electrode impedances were kept below 40 kΩ, an 

acceptable level for this system (Ferree, Luu, Russell & Tucker, 2001). Common vertex (Cz) 

was used as the online reference.  

EEG analysis. EEG preprocessing was analysed through MatLab. A script was 

created that analysed the bilateral electrodes to examine the interested lateralised event-

related potentials (ERPs). A timing test was done to account for the lag created between the 

visual stimuli appearing onscreen (16 ms) and the system amplification time lag (36 ms), 

which equated to a total of approximately 52 ms.  

 EEG data were processed twice using the EEGLAB toolbox. Initial data were 

processed for the generation of independent components analysis (ICA) components, and the 
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ICA weights saved for each participant. Data were then re-processed for the generation of 

ERPs, and ICA weights loaded in order to perform ICA based cleaning on the ERP data.  

 For generation of ICA components, data were downsampled to 250Hz and bandpass 

filtered (0.1 to 30 Hz filter) offline using the ERPLAB plugin (Lopez-Calderon & Luck, 

2014). Bad channels were identified using two methods and removed if they failed either 

method. The first method calculated the average spectrum for all channels and removed any 

channel whose average spectrum is three standard deviations above the mean. The second 

method calculated peak-to-peak differences for each electrode in a five second moving 

window across the data. A channel was removed if it had a peak-to-peak difference which 

was 10 standard deviations above the mean in more than five windows. Removed channels 

were then spherically interpolated. Data were then re-referenced to the average of all 

channels. Electrode 17 (located on the nasion) was removed in order to make the data full 

ranked in preparation for ICA. ICA was then performed to extract 128 components using 

EEGLAB’s runica function. The ICA weights were then saved for later use. 

 For generation of ERP components, preprocessing was similar. Data were 

downsampled to 250Hz and bandpass filtered (0.1 to 30Hz filter) offline using the ERPLAB 

plugin. Bad channels were identified using the same methods described previously, and then 

interpolated. Data were then re-referenced to the average of all channels, and the data were 

epoched from 200ms prior to the onset of the stimulus display to 800ms after stimulus onset. 

Epochs containing horizontal eye movements (±32mV difference between electrodes on the 

outer canthi of each eye) were then removed, and electrode 17 (located on the nasion) was 

removed in order to make the data match the ICA component data. ICA weights were then 

loaded and artefact components were identified and removed using the ADJUST plugin for 

EEGLAB. After component rejection was complete, epochs with ±100mV activity in any 

electrode were rejected. If, at this point, a participant had lost more than one third of their 
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total trials then they were excluded from further analysis, resulting in one exclusion for the 

target-decoy task and four exclusions for the centre task. 

 In order to isolate activity elicited contralateral to the lateralised object, all trials 

containing a right visual field target or distractor had their EEG activity flipped along the 

longitudinal axis such that for all trials, right hemisphere electrodes now represent activity 

contralateral to the lateralised stimulus and left hemisphere electrodes represent activity 

ipsilateral to the lateralised object. Ipsilateral activity was then subtracted from both 

hemispheres and the remaining contralateral activity was then mirrored onto the left 

hemisphere. At this stage, scalp activity represents only that portion of the EEG signal which 

is greater contralateral to the lateralised stimulus, mirrored onto both sides of the scalp. 

Importantly for our results, this means that in target lateralised trials (where the distractor is 

on the midline), activity elicited by the distractors is subtracted out of the data and only target 

related activity remains. Conversely, in the distractor lateralised trials (where the target is on 

the midline), activity elicited by targets has been removed. 

Lateralised components were identified through the ‘grand average ERP’ by 

combining all of the participants’ ERPs. Additionally, because the Ptc component produced 

two, main high peaks, according to each distractor condition, the Ptc was calculated from 

each these conditions. ERP components were analysed through amplitude in millivolts (mV). 

The time frame range to characterise these ERPs was decided at 16 ms in order to capture the 

peak of the amplitude, which is typically what is used to characterise these ERPs (Hilimire et 

al., 2010; Hilimire et al., 2011). For the distractor lateralised conditions, the N2pc was set 

from 232-248 ms and the Ptc was set from 300-316ms. The Ptc was again analysed for the 

distractor letter L condition, set from 324-340 ms, and for the distractor filled circle 

condition, set from 276-292 ms.   

Data Analyses 
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 All statistical analyses were carried out with IBM SPSS Statistic 23. Alpha level for 

significance was set at .05. When analyses returned significant levels that were above this 

threshold of .05 but below an alpha level of .10, they were still followed up and discussed 

about, but noted that they were non-significant. We used split-plot ANOVAs to examine the 

effects of distractor identity (letter L and filled circle) and WMC (low, medium, and high) on 

task performance (both accuracy and response time) and lateralised components. We used 

paired t-tests to confirm that frequent eye movements from EEG recordings did not affect the 

electrical activity found in the distractor conditions. All follow-up tests were conducted with 

a Bonferroni correction, which were post hoc tests for between group comparisons and 

simple effects tests for significant interactions. 

 Preliminary analyses. We tested the normality and the homogeneity of all data in a 

similar method in our first experiment. We tested the independent variables (WMC groups 

and the distractor identity conditions) on the dependent variables (task accuracy, task 

response time, and lateralised component amplitude values). On some variables, such as the 

LWMC group on the ERP lateralised component amplitude values, the K-S test was violated, 

which is understandable since there tends to be more variation (due to more error) within the 

LWMC group and ERP data is prone to stronger fluctuation than behavioural data (Engle, 

2002; Oberauer et al., 2007; Tahara-Eckl et al., 2018). Conducting further tests, we found that 

most of the data were acceptably normal according to the ‘two times rule,’ and histograms 

and box plots displayed relatively normal distributions of the data. Most variables did not 

violate Levene’s Test of Equality, and data were acceptable according to the ‘four times rule’ 

(Field, 2017).  

3.3 Results  

Target-Decoy Analyses  
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Target-Decoy, Behavioural Data. We conducted a 2 x 2 split-plot ANOVA to 

investigate the effects of distractor identity (two levels-distractor Ls or filled circles) as a 

within-subjects factor and WMC (two levels-low or high) as a between-subjects factor on 

task accuracy. We found a significant main effect of distractor identity on task accuracy, such 

that participants were more accurate when the distractor was a filled circle (M = 96.31, SE = 

.47) than when the distractor was the letter L (M = 95.32, SE = .69), F(1, 22) = 6.20, p = .021.  

The main effect of WMC on task accuracy approached but did not reach statistical 

significance, F(1, 22) = 3.39, p = .079. This reflected the observation that HWMC 

participants (M = 96.97, SE = .75) tended to be overall more accurate than LWMC 

participants (M = 94.99, SE = .78). There was no significant interaction between distractor 

identity and WMC on task accuracy, F(1, 22) = .47, p > .05.  

We conducted a similar 2 x 2 split-plot ANOVA to investigate the effects of distractor 

identity and individual WMC on task response time. We found a significant main effect of 

distractor identity on task response time, such that participants were faster when the distractor 

was a filled circle, (M = 467.25 SE = 19.27) than when the distractor was the letter L (M = 

533.29, SE = 21.24), F(1, 22) = 218.09, p < .001. We also found a significant main effect of 

WMC on task response time, in that HWMC participants (M = 453.39, SE = 13.10) were 

faster than LWMC participants (M = 533.76, SE = 30.85), F(1, 22) = 4.44, p = .047. There 

was no significant interaction between distractor identity and WMC on task response time, 

F(1, 22) = 1.75, p > .05. Behavioural effects (both identity and WMC effects) on the LAI task 

can be seen in Figures 12 and 13 respectively, below.  
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Figure 12. Behavioural differences between the identity conditions on the LAI task. 

Participants performed significantly better (both higher accuracy and faster response time) 

when the distractor was a filled circle than when the distractor was a letter L. Error bars 

depict SEM. Significance values of * is p < .05 and ** is p < .001. 

 

 

 

 

 

 

 

 

 

 Figure 13. Behavioural differences between the WMC groups on the LAI task. 

HWMC participants were significantly faster and tended to be more accurate than LWMC 

participants on the LAI task. Error bars depict SEM. Significance values of * is p < .05.  

 Target-Decoy, EEG Analysis. We analysed the lateralised components, the N2pc and 

Ptc when the distractor was lateralised. As in the preliminary dataset, the Ptc produced two 
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distinct amplitudes, based upon the distractor identity. The grand average Ptc was analysed, 

and the two Ptc amplitudes, which were derived from the distractor L and distractor filled 

circle conditions, were analysed. We also found that the filled circle distractor condition 

produced a late N2pc component, but not the letter L distractor condition. Figure 14 displays 

our interested lateralised components in an ERP and on EEG topography maps.  

 We confirmed that horizontal eye movements did not significantly affect the voltage 

of the lateralised components from the posterior electrodes, and details of this analysis are in 

Appendix G.  
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 Figure 14. Main graph. Lateralised ERPs evoked by L and filled-circle distractors. A 

significantly stronger N2pc was present with a distractor letter L than a filled circle. When 

the distractor was a filled circle, the N2pc amplitude did not differ from baseline activity, but 

then a ‘late N2pc’ amplitude was evident for the filled circle distractor. Two distinct Ptc 

peaks, characterised by the distractor conditions, differed in latency but not in amplitude.  

 Secondary graph. Though the EEG topographies display horizontal electrooculogram 

(HEOG) or eye movements recorded from E32, we found that they did not significantly 

contribute to the differences in our interested lateralised components in both distractor 

conditions.  

 N2pc analyses. We conducted a 2 x 2 split-plot ANOVA to investigate the effects of 

distractor identity and WMC on N2pc amplitude. We found a significant main effect of 

identity on N2pc amplitude, such N2pc was greater when the distractor was the letter L (M = 

-1.02, SE = .21) than when the distractor was a filled circle (M = -.14, SE = .18), F(1, 21) = 

8.30, p = .009. There was no significant main effect of WMC on N2pc amplitude, F(1, 21) = 

.16,  p > .05, nor was there a significant interaction between distractor identity and WMC on 

N2pc amplitude, F(1, 21) = .80, p > .05. Significant differences in the N2pc amplitude can be 

seen in Figure 15 below.  

 

 

 

 

 

 

  

 Figure 15. N2pc amplitude differences between the distractor conditions. When the 

distractor was a letter L, then the N2pc amplitude was significantly stronger (more negative) 
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than when the distractor was a filled circle. Error bars depict SEM. Significance values of * is 

p < .05. 

 Despite the significant difference of the N2pc amplitude between the distractor 

conditions, the N2pc for the distractor filled circle may not have existed and was merely 

noise and/or a part of the baseline activity. In order to investigate this, we conducted a paired 

t-test to compare the time windows before the stimulus onset (-200-0 ms) and during the 

N2pc amplitude (232-248 ms) for the filled-circle distractor. There was no significant 

difference between baseline activity and the N2pc amplitude of the distractor filled circle, p > 

.05. Therefore, we may conclude that attention was not being allocated to the distractor filled 

circle and/or it was not being enhanced as much as the distractor letter L, or even enhanced at 

all, as evinced from its non-significant difference from baseline activity. 

 Ptc analyses. We conducted a 2 x 2 split-plot ANOVA to investigate the effects of 

distractor identity and WMC on Ptc amplitude, using the time window of 300-316 post-

stimulus (derived from the grand average ERP). There were no significant main effects of 

either distractor identity (F(1, 21) = .03, p > .05)  or WMC (F(1, 21) = .76, p > .05) on Ptc 

amplitude. However, we found a significant interaction between distractor identity and WMC 

on Ptc amplitude, F(1, 21) = 6.39, p = .020.  

 To follow up the significant interaction, we conducted a simple effects test. Pairwise 

comparisons with a Bonferroni adjustment revealed that there was an effect that approached 

statistical significance, in that when the distractor was the letter L, the HWMC group (M = 

.64, SE = .51) tended to have a stronger Ptc amplitude than the LWMC group (M = -.51, SE = 

.34), p = .066. There was no significant difference in Ptc amplitude between the WMC 

groups when the distractor was a filled circle, p > .05. Additionally, there was another effect 

that approached statistical significance, in that for the LWMC group, the filled circle 

distractor (M = .26, SE =.21) tended to produce a stronger Ptc amplitude than the L distractor 
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(M = -.51, SE = .34), p = .075. We found a contrasting pattern in the HWMC group, in that 

another effect that approached statistical significance, showed that the letter L (M = .64, SE = 

.51) tended to produce a stronger Ptc amplitude than the filled circle (M = -.24, SE = .32), p = 

.097. The interaction between identity and WMC on Ptc amplitude is shown in Figure 16 

below.  

 

 

  

 

 

 

 

 Figure 16. The significant interaction between distractor identity and WMC groups on 

the Ptc amplitude. When the distractor was the letter L, the HWMC group tended to have a 

stronger Ptc amplitude than the LWMC group. There was no difference in the Ptc amplitude 

between the WMC groups when the distractor was a filled circle. Also, within the LWMC 

group, they tended to have a stronger Ptc when the distractor was a filled circle than when the 

distractor was a letter L. Within the HWMC group, they tended to have a stronger Ptc 

amplitude when the distractor was a letter L than when the distractor was a filled circle. Error 

bars depict SEM. 

 However, the grand average Ptc may not truly be representative of the Ptc, since we 

had found earlier that the two different distractor conditions had consequently produced two 

positive voltage peaks with different latencies in the Ptc time range. Therefore, we conducted 

statistical tests on each of the Ptc peaks according to the distractor condition. The filled circle 

distractor occurred from 276-292 ms, and the letter L distractor occurred from 324-340 ms.  
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We conducted a 2 x 2 split-plot ANOVA to investigate the effects of distractor identity and 

WMC on the recalculated Ptc amplitude. There were no significant main effects of either 

identity (F(1, 21) = .00, p > .05) or WMC (F(1, 21) = 1.66, p > .05) on the recalculated Ptc 

amplitude. There was no significant interaction between distractor identity and WMC on the 

recalculated Ptc amplitude, F(1, 21) = 1.48, p > .05. These lack of differences may have been 

due to the fact the Ptc overall did not emerge as a strong component. To check for this, we 

conducted several paired t-tests that found there were no differences between the Ptc 

amplitudes and the baseline activity, for the grand Ptc t(22) = .14, for the distractor filled 

circle condition t(22) = 1.70, and for the distractor letter L condition t(22) = .83,  all p > .05.  

 We found an unexpected, yet statistically reliable negative amplitude at around 355 

ms post stimulus (around the same timeframe as the Ptc for the distractor L condition) in only 

the distractor filled circle condition. We termed this signal the ‘late N2pc’ since it occurred at 

a later time period following the Ptc. To explore this effect, the time window for the late 

N2pc was set from 324-340 ms, which was equivalent to the time window for the Ptc when 

the distractor was the letter L. In order to investigate whether there was a significant effect of 

distractor identity and WMC on the late N2pc amplitude, we conducted a 2 x 2 split-plot 

ANOVA. We found a significant main effect of distractor identity on the late N2pc 

amplitude, such that the late N2pc amplitude was stronger when the distractor was a filled 

circle (M = -.53, SE = .25) than when the distractor was a letter L (M = .23, SE = .31), F(1, 

21) = 7.02, p = .015. There was no significant main effect of WMC on the late N2pc, F(1, 21) 

= .43, p > .05. There was a significant interaction between distractor identity and WMC on 

late N2pc amplitude, F(1, 21) = 8.96, p = .007. The effects of the distractor identity of the 

late N2pc amplitude are shown in Figure 17 below. 
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 Figure 17. The late N2pc amplitude between the distractor conditions. When the 

distractor was a filled circle, then the late N2pc amplitude was significantly stronger (more 

negative) than when the distractor was the letter L. Error bars depict of SEM. Significance 

values of * is p < .05. 

 A simple effects test was conducted to follow up the significant interaction. Pairwise 

comparisons with a Bonferroni adjustment revealed that within the HWMC group, the late 

N2pc amplitude was significantly stronger when the distractor was a filled circle (M = -1.38, 

SE = .37) than when the distractor was a letter L (M = .79, SE = .48), p = .002. Importantly, 

unlike the HWMC group, we found no significant difference in N2pc amplitude between 

distractor conditions within the LWMC group, p > .05. Additionally, when the distractor was 

a filled circle, the HWMC group (M = -1.38, SE = .37) had a significantly stronger late N2pc 

amplitude compared to the LWMC group (M = .01, SE = .24), p = .004. There was no 

significant difference in N2pc amplitude between the LWMC and HWMC groups when the 

distractor was a letter L, p > .05. The interaction between identity and WMC on late N2pc 

amplitude is shown in Figure 18 below.   
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Figure 18. The significant interaction between distractor identity and WMC groups on 

the late N2pc amplitude. For the HWMC group, there was a stronger late N2pc amplitude 

when the distractor was a filled circle than when the distractor was a letter L. Also, when the 

distractor was a filled circle, the HWMC group had a stronger late N2pc than the LWMC 

group. Error bars depict SEM. Significance values of * is p < .05. 

 

Centre Task Analyses 

 We were interested in how participants would perform on a task located at the centre 

of the screen, and whether there would be any ERPs associated with it.  

 Centre Task, Behavioural Data. We conducted a 2 x 2 split-plot ANOVA to 

investigate the effects of distractor identity and WMC on task accuracy. There was no 

significant main effect of distractor identity on task accuracy, F(1, 21) = .78, p > .05. There 

was a main effect of WMC on task accuracy which approached statistical significance, such 

that HWMC group (M = 96.28, SE = 1.01) was more accurate than LWMC group (M = 

92.07, SE = 2.16), F(1, 21) = 2.67,  p = .117. There was no significant interaction between 

distractor identity and WMC on task accuracy, F(1, 21) = 2.67, p > .05 
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 We conducted a similar 2 x 2 split-plot ANOVA to investigate the effects of distractor 

identity and WMC on task response time. There was no significant main effect of distractor 

identity on task response time, F(1, 21) = .04, p > .05. There was a main effect of WMC on 

task response time which approached statistical significance, such that HWMC group (M = 

593.73, SE = 28.14) was faster than LWMC group (M = 724.82, SE = 64.02), F(1, 21) = 2.89, 

p = .104. There was no significant interaction between distractor identity and WMC on task 

response time, F(1, 21) = .60, p > .05. The behavioural effects of WMC on the centre task 

can be seen in Figure 19 below. 

 

 

 

 

 

 

 

 Figure 19. Behavioural differences between the WMC groups on the centre task. 

There were no significant differences, but HWMC participants tended to be more accurate 

and faster than LWMC participants on the centre task. Error bars depicted SEM. 

 Centre task-EEG. For the centre task, we investigated whether there would be any 

significant differences between the distractor identity conditions and/or WMC groups. For the 

lateralised components, we analysed the time windows taken from the target-decoy task, 

which were from the grand average ERP, with the N2pc (232-248 ms) and the Ptc (300-316 

ms) components. Additionally, the time windows were taken from the recalculated Ptc 
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amplitudes, with the Ptc for the distractor L (324-340 ms) and the Ptc for the distractor filled 

circle (276-292 ms) and from the late N2pc component (324-340 ms).  

 N2pc analyses. We conducted a 2 x 2 split-plot ANOVA to investigate the effects of 

distractor identity and WMC on the N2pc amplitude. There were no significant main effects 

of distractor identity (F(1, 17) = 1.72, p > .05) or WMC (F(1, 17) = 1.25, p > .05) on the 

N2pc amplitude. There was no significant interaction between distractor identity and WMC 

on N2pc amplitude, F(1, 17) = 1.13, p > .05.  

 Ptc analyses. We conducted a 2 x 2 split-plot ANOVA to investigate the effects of 

distractor identity and WMC on the Ptc amplitude. There were no significant main effects of 

distractor identity (F(1, 17) = .35, p > .05) or WMC (F(1, 17) = .00, p > .05) on the Ptc 

amplitude. There was no significant interaction between distractor identity and WMC on Ptc 

amplitude, F(1, 17) = .35, p > .05. We conducted a 2 x 2 split-plot ANOVA to investigate the 

effects of distractor identity and WMC on the recalculated Ptc amplitudes. There were no 

significant main effects of distractor identity (F(1, 17) = 1.1, p > .05) or WMC (F(1, 17) = 

.04, p > .05) on the recalculated Ptc amplitudes. There was no significant interaction between 

distractor identity and WMC on the recalculated Ptc amplitude, F(1, 17) = .51,  p > .05. 

 Late N2pc analyses. We conducted a 2 x 2 split-plot ANOVA to investigate the 

effects of distractor identity and WMC on the late N2pc amplitude. There were no significant 

main effects of distractor identity (F(1, 17) = 1.42, p > .05) or WMC (F(1, 17) = .05, p > .05) 

on the late N2pc amplitude. There was no significant interaction between distractor identity 

and WMC on late N2pc amplitude, F(1, 17) = .12, p > .05. 

 We also compared both the target-decoy and centre task behavioural and EEG 

analyses in this experiment with the memory probe task from Experiment 1, which can be 

found in Appendix H.   
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3.4  Discussion 

 Here, we will emphasise on the findings of the lateralised components and their 

relation to the behavioural performance on the tasks. This is because the behavioural findings 

in Experiment 2 are effectively a replication to Experiment 1 and will therefore not be 

discussed in great detail.  

 Target-decoy task behavioural summary. We found that overall participants 

performed better (higher accuracy and faster response time) when distractors looked less 

alike to the target (filled circle) than more alike to the target (letter L). Our finding is 

consistent with our earlier finding in Experiment 1 and with previous studies (Mounts et al., 

2007; Mounts & Gavett, 2004; Tahara-Eckl et al., 2018), and it implies that people suppress 

and ignore salient distractors more effectively than non-salient distractors, thereby resulting 

in higher accuracy and faster response times. In contrast, participants were more prone to 

making errors with distractors that looked more like the target since the distractor was seen as 

a potential target more, making it harder to ignore than the salient distractor, which is 

consistent with previous studies (Gaspelin & Luck, 2018; Mounts et al., 2007). Additionally, 

similar to our preliminary findings (Tahara-Eckl et al., 2018), our experiment showed that 

HWMC participants performed better than LWMC participants on the task, demonstrating the 

modulation of one’s WMC upon their attentional ability.  

 Centre task summary. On our centre task paradigm, we found that different types of 

distractors did not affect participants’ performance. In concordance with the behavioural 

results, the distractor conditions also did not have an effect on the lateralised components. 

The findings demonstrate that participants were able to maintain their focus on the centre task 

(in the centre of the screen) and were not distracted by the concurrent peripheral stimuli. 

HWMC participants tended to perform better (both higher accuracy and faster response time) 
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than the LWMC participants, but this effect did not interact with the distractor conditions, 

therefore showing that performance level was more exclusively due to the individual’s 

WMC. Though there were no differences between the distractor conditions in either of the 

WMC groups, the LWMC group may still have been distracted by the peripheral stimuli or 

unrelated factors from the task, which relates to their inability to ignore distraction (Engle, 

2002). Importantly, the lack of distractor identity effects on both behavioural performance 

and lateralised components demonstrate that they were not the result of physical imbalance in 

the display but were induced by task demands, tuned by one’s WMC. 

 Lateralised components from the target-decoy task. In contrast to the canonical 

behavioural results from the target-decoy task, lateralised components exhibited different 

components and patterns, as compared to our preliminary data. The components from this 

experiment were the N2pc, two separate Ptc for both distractor identity conditions (letter L 

and filled circle), and the late N2pc. Each of the lateralised components found in this task will 

be discussed wholly and in concordance with the distractor conditions and WMC.  

 N2pc. The N2pc is typically the first attention-related negative peak to occur post 

visual stimuli presentation, which provides visual enhancement (Hickey et al., 2009; Luck & 

Hillyard, 1994a). Consistent with preliminary data (Tahara-Eckl et al., 2018), in our 

experiment, we found that the N2pc produced a stronger amplitude when the distractor was 

more alike (letter L) than when the distractor was less alike (filled circle) to the target. This 

demonstrates that more attention was deployed to the L distractor because it looked more like 

the target, thereby enhancing this item more, than the filled circle distractor. Less attention 

was deployed to the filled circle distractor, resulting in an earlier Ptc. We, along with 

previous research, postulate that an early Ptc reflects easier and quicker suppression because 

the distractors are more salient (Gaseplin & Luck, 2018). In support of the filled circle 

distractor not explicitly seizing our attention initially, we also found that the N2pc amplitude 
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for the filled circle distractor was no different from baseline activity. This means that the 

filled circle distractor was sufficiently different and not being treated as a potential target, as 

this lack of negativity means that very little or essentially no attentional enhancement was 

being allocated at all towards the filled circle distractor when it had first appeared onscreen.   

 Additionally, an early Ptc for the filled circle distractor could demonstrate that 

suppression occurred before enhancement. Similar effects have been reported previously, 

especially for highly salient distractors (i.e. colour singletons) (Gaspelin & Luck, 2018). In 

particular, studies have shown that previous knowledge of the distractor and/or naturally 

learning the distractor’s identity over many trials, result in quick suppression and a strong Ptc 

component (Gaspar & McDonald, 2014; Sawaki & Luck, 2010). Therefore, we can associate 

lateralised components with behaviour – highly salient distractors result in quick and easy 

suppression, characterised with a strong Ptc, which does not require attentional processing, 

characterised with an attenuated N2pc. In this manner, these associations support the 

depiction of the inverse and dependent relationship between the N2pc and Ptc components 

(Hilimire et al., 2009).   

 Additionally, consistent with previous studies (Gaspelin & Luck, 2018; Mounts et al., 

2007; Tahara-Eckl et al., 2018), our experiment showed that participants were more drawn to 

the distractor that looked like the target, which impaired their behavioural performance. It 

was also found that WMC did not have an effect on the N2pc amplitude, therefore depicting 

that both low- and high- WMC participants were both just as strongly attracted to the 

distractor letter L, though HWMC participants still performed significantly better on the LAI 

task than LWMC participants. These results demonstrated that ‘internal attention’ and 

behavioural output can be functionally separated from one another. Specifically, HWMC 

participants were better able to control their attention more and maintain better performance 

than LWMC participants, despite both groups having an equally strong N2pc towards the 
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distractor letter L. Supporting the finding, Posner et al. (1980) also found that human 

attention can function separately from behaviour, as observers benefited from attentional cues 

which were unconsciously processed. 

 Ptc. The Ptc is a positive peak that typically occurs after the initial enhancement of 

visual stimuli (N2pc), and it is commonly interpreted as a manifestation of suppression of 

distractors (Hilimire et al., 2010; Sawaki & Luck, 2010). Compared to our preliminary data 

(Tahara-Eckl et al., 2018), in this experiment, the Ptc component was weak overall, which 

may have been because of the strong difference between the distractors. Such strong 

differences between the distractors may have not only diminished the need for distractor 

suppression, but may have also triggered attention towards high saliency. Distractors in this 

task were more distinct from one another because they differed on a different shape (circle vs. 

letter T) rather than a different letter (letter C vs. letter T) from our preliminary experiment. 

Previous studies have found that increasing the saliency of the distractor notably may instead 

start to draw one’s attention away from the target, impairing behavioural performance 

(Gaspelin & Luck, 2018; Mounts & Gavett, 2004). In addition to this, we found that there 

was no independent effect of distractor identity or WMC on the Ptc derived from the grand 

average ERP. This is most likely because both distractor conditions produced their own 

distinct Ptc, which was dispersed in the summation of the grand average ERP. Like in our 

preliminary study and in other studies, the Ptc has been found to vary more than the N2pc in 

both its amplitude and latency, such as by the types of saliency distraction (Tahara-Eckl et al., 

2018), the distance between items (Hilimire et al., 2010) and the response times to stimuli 

(Gaspar & McDonald, 2014; McDonald et al., 2012). Therefore, we examined both Ptcs from 

the grand average ERP and from each unique distractor conditions, in order to better examine 

the nature of the Ptc.   
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 Despite the lack of main effects, we found a significant interaction between distractor 

identity and WMC on the Ptc amplitude. We interpreted the interaction as a consequence of 

different attentional efficiency, which depended upon one’s WMC. Though the specific 

comparisons did not reach statistical significance, we found that when the distractor was a 

letter L, the HWMC group tended to have a stronger Ptc than the LWMC group. We also 

found differences between the distractors within each of the WMC groups that approached 

statistical significance. The LWMC group tended to have a stronger Ptc when the distractor 

was a filled circle than when the distractor was a letter L. In opposition, the HWMC group 

tended to have a stronger Ptc when the distractor was a letter L than when the distractor was a 

filled circle. Although these results elude simple interpretation, it may be that the HWMC 

group did not even need to consider suppressing the more salient distractors (filled circles), 

but suppress the distractors that looked more like the target (letter Ls). This difference in 

suppression towards the distractors may have occurred because the distractors are 

exceedingly different from one another.  

 In contrast to HWMC participants, LWMC participants displayed a stronger Ptc 

towards the more salient distractor (filled circles), which may be evident that they are still 

processing all of the distractors in their visual field, despite the large saliency difference 

between the distractors. Though it could be argued that LWMC participants are being more 

meticulous by examining each and every visual item, in the long run, they are still evidently 

performing worse on the task actually compared to HWMC participants. Therefore, unlike 

HWMC participants who can take shortcuts and maintain high performance, LWMC 

participants go through a painstakingly thorough process, which may become more of a 

distraction and impair performance. This type of thorough, yet exhaustive neural processing 

in people with lower capacity has been reported previously, contrasting the efficient and 

quick processing found in people with higher capacity (Vogel et al., 2005).  



WORKING MEMORY AND DISTRACTOR PROCESSING IN ATTENTION 

70 
 

 In Experiment 2, we found that the Ptc emerged as two distinctive peaks at different 

time points, differing by distractor condition. In examining these two peaks, the Ptc occurred 

earlier when distractors were filled circles than when distractors were letter Ls. The 

difference in Ptc latency between the distractor conditions demonstrates that participants 

suppressed filled circles quicker than the letter L. The suppressive difference was supported 

by behavioural performance, in that participants were quicker and more accurate to identify 

the target’s orientation when the distractors were filled circles than when distractors were 

letter Ls. However, unlike our preliminary data which showed two distinctive Ptc peaks, both 

by their amplitude and latency, these Ptc peaks were relatively similar in their amplitude, 

which may then suggest that a strong suppression towards one distractor over the other did 

not occur. Moreover, the overall Ptc amplitudes in this experiment were not as strong as the 

Ptc amplitudes in our preliminary data, thus corroborating the notion that the Ptc was not 

being activated robustly. We verified this by finding that all of the Ptc amplitudes (the grand 

average Ptc and the recalculated Ptc) were not significantly different from baseline activity.  

 This untapped use of the Ptc may be because the distractors are more different from 

one another and are therefore easier to individuate, without having to exert suppressive 

power. However, this notion is in contrast to previous studies, as quick suppression is related 

to a strong Ptc (Gaspelin & Luck, 2018). On the other hand, distractors may have been 

becoming too distracting and drawing attention to themselves as previous literature has found 

(Gaspelin & Luck, 2018; Mounts & Gavett, 2004). However, our behavioural results did not 

suggest that participants were attracted to this distractor saliency. These complicated results 

may again demonstrate that attentional processing can function separately from our behaviour 

(Posner et al., 1980). Results from both of our current and preliminary study indicate that in 

an attentional setting, our suppressive capability is not used exhaustively and is instead 

applied where it is needed and not where it is unneeded. These Ptc components will be 
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discussed separately in-depth below and will be termed as Ptc DO (distractor filled circle) 

and Ptc DL (distractor letter L).    

 Ptc DO. The Ptc for the distractor filled circle condition was a positive peak that 

occurred directly after and almost concurrently within the initial N2pc signal. The close 

occurrence of these two components indicates a sort of ‘melding’ between them, suggesting 

that enhancement and suppression of the distractor was occurring simultaneously. 

Additionally, suppression may have occurred before attention did towards the filled circle 

distractor. Furthermore, attention to the distractor may have not even occurred until after 

suppression. The lack of a typical, initial enhancement is supported because the N2pc 

component of the distractor filled circle was not significantly different from baseline activity, 

thereby demonstrating that the distractor filled circle was not even attended to. Furthermore, 

a late N2pc had developed exclusively for the distractor filled circle condition, displaying 

strong differences between the WMC groups, which will be discussed further below. It is 

interesting to note that the Ptc for the distractor filled circle condition, in both its amplitude 

and latency, was not significantly different between the WMC groups. In contrast, with the 

distractor letter L condition, the Ptc amplitude was more different between the WMC groups. 

This shows that regardless of WMC, participants always did an initial suppression when the 

distractor was a filled circle. However, as noted before, it could also be the case that 

absolutely no suppression was taking place, as the Ptc amplitude was found not to be 

significantly different from baseline activity. This may signify that no suppression was taking 

place in this task, which may have resulted from the disparate distractors.  

 Ptc DL. The Ptc for the distractor letter L condition was a positive peak that occurred 

after the first N2pc signal and after the Ptc for the distractor circle filled condition. Because 

this component occurred in a more separate manner from the first N2pc signal (compared to 

the Ptc for the distractor filled circles), it can be postulated that participants attended to the 
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distractor letter Ls first before suppressing them. This process exhibited a more ‘typical 

order’ of the lateralised components; participants were first attracted to the distractor and 

then, realising it was not the target, proceeded to suppress the distractor item.  

 Late N2pc. The late N2pc was a negative peak that emerged unexpectedly after the 

first N2pc signal and after the Ptc signal when the distractor was a filled circle. More notably, 

this component emerged only when the distractor was a filled circle. This may show that 

people have a sort of ‘reserved attention’ where they can afford enhancement again towards 

salient distractors after suppression has occurred. In this way, perhaps this ‘reserved 

attention’ occurred because with the nature of the filled circle distractor being far more 

salient and easy to differentiate from the target compared to the distractor letter L, this 

allowed for the extra attentional resources to be distributed elsewhere. Strikingly, the 

existence of late N2pc was driven solely by the HWMC group, as evinced by the significant 

interaction found between distractor identity and WMC. Thus, conceivably, this ‘reserved 

attention’ may signify that HWMC participants possess a much larger capacity for attentional 

processing compared to LWMC participants; HWMC people are able to afford to be drawn in 

by the salient distractor without compromising task performance. As they are both late 

negative signals, the late N2pc sighted from our experiment could also be related to the CDA, 

which has been shown to be tied with stronger memory processing, either with an onerous 

WM load (Vogel & Machizawa, 2004) or higher WMC individual (Vogel et al., 2005).   
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Chapter 4. General Discussion 

 Our experiments found that while behavioural performance was similar to previous 

research, there were differences in the neural outputs. We found that participants performed 

better when the distractor looked less like the target, and we found that HWMC participants 

tended to perform better than LWMC participants on all of our tasks, which is consistent with 

our preliminary study and others from literature. However, the lateralised ERP components in 

our current study manifested considerably different to those in our preliminary study, which 

we postulated to be due to the strong saliency differences in the distractors. Despite these 

differences, we found that behavioural performance remained relatively unaltered from its 

canonical outcome. The lateralised components that accompanied this behaviour may reveal 

finer details and discrepancies of attentional processing influenced by the saliency of the 

distractors and one’s WMC. The characteristics and interactions between behaviour and 

ERPs will be discussed in relation to cognitive decline, in particular by generalising from 

LWMC individuals to cognitively impaired people.   

4.1  The Effect of Distractor Saliency Augmentation on the Ptc  

 Distractor saliency linked to behavioural performance. We found that even though 

participants performed better with the more salient distractor, the suppression (Ptc) 

component did not accompany this more salient distractor, unlike our preliminary findings 

(Tahara-Eckl et al., 2018). The existing literature, along with our preliminary findings, 

support the idea that easier and faster suppression, due to an easier distractor to ignore 

(Gaspelin & Luck, 2018; Mounts et al., 2007; Mounts & Gavett, 2004; Sawaki & Luck, 2010; 

Tahara-Eckl et al., 2018), or individual competence (Gasper et al., 2016; Gaspar & 

McDonald, 2014; McDonald et al., 2012), is typically accompanied by a stronger and earlier 

Ptc. Thus, because we found that participants performed better on one distractor over the 
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other, we expected that the Ptc component would show stronger activation towards the more 

salient distractor.  

 The Ptc does not necessarily activate with stronger distractor saliency. Despite 

evidence from previous literature, our second experiment revealed that there was very little, if 

any activity in the Ptc time window, suggesting that limited suppression occurring. 

Specifically, the Ptc amplitudes did not differ between the distractors, although latency did. 

Moreover, we also found that both Ptc amplitudes were no different from baseline activity, 

furthering the impression that suppression was unneeded in the entirety of the task. While the 

Ptc amplitudes were unaffected by the distractor conditions, we did find two, distinct Ptc-like 

components that occurred in different time windows. In particular, we found that an early Ptc 

occurred when the distractor was a filled circle, and a later Ptc occurred when the distractor 

was a letter L. In fact, when distractors were filled circles, it could be argued that the Ptc 

occurred earlier than the first significant negative deflection (late N2pc), as we found that the 

initial N2pc was not significantly different from baseline. This may indicate that when 

distractors were filled circles, suppression occurred even before attention was deployed 

towards the distractor. Several other studies also reported Ptc-like activity occurring before 

the N2pc (Gasper et al., 2016; Gaspar et al., 2014; Sawaki & Luck, 2010). An early and quick 

suppression may occur because people do not need specific information from a particularly 

salient distractor, and it can be suppressed with little or no previous knowledge (Gaspelin & 

Luck, 2018). Indeed, several studies demonstrated that people do not comprehensively 

engage or process a salient distractor (Gaspelin & Luck, 2018). Specifically, people were less 

likely to remember letters on the salient singleton compared to other less salient distractors 

(Gaspelin, Leonard, & Luck, 2015), and eye movements were biased away from the salient 

singleton (Gaspelin, Leonard, & Luck 2017). However, in contrast to what we found, these 

strong disengagements were accompanied by a strong Ptc.  
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 Our findings are therefore rather deviant from the canonical findings of rapid 

suppression being affiliated with a strong Ptc (Gaspelin & Luck, 2018; Mounts et al., 2007; 

Mounts & Gavett, 2004; Sawaki & Luck, 2010). While highly salient items elicit an 

automatic, ‘attend-to-me’ priority signal (Sawaki & Luck, 2010), in our study, the distractor 

may have differed on too many dimensions (i.e. a different shape and not just a different 

letter from the target), thus possibly not even eliciting this initial ‘attend-to-me’ signal. 

Therefore, the overly salient distractor was not prioritised for suppression. Furthermore, when 

distractors are too highly salient, suppression can fail, resulting in impaired performance 

instead (Gaspelin & Luck, 2018; Mounts & Gavett, 2004). Our observation that the Ptc was 

not strong for the more salient distractor could suggest that the filled circles were salient 

enough to ignore quickly, but not salient enough to overwhelm attention and influence 

performance. Taking the characteristics of both Ptc amplitudes and latencies into account, it 

may be suggested that while a quicker suppression did occur towards the more salient 

distractor, it was not necessary to individuate the items in the visual field, and/or that the 

filled circle distractors were pushing against the boundary of becoming too distracting. In this 

way, our findings may further emphasise the separate processes of attention and vision 

(Posner et al., 1980). Thus, we discovered that while increasing distractor saliency may lead 

to better behavioural performance, it did not require strong activation of the Ptc component.   

4.2  Compensatory Processes in Cognitive Functioning  

 Compensatory process evinced in lower cognitive capacity. It is well-established that 

LWMC people perform worse on many cognitive tasks than HWMC people (Conway, 1996; 

Conway & Engle, 1994; Engle, 2002; Shipstead et al., 2014; Vogel et al., 2001). Examples of 

this performance difference due to WMC include distractor suppression (Conway et al., 2001; 

Kane et al., 2001; Tuholski et al., 2001), efficient processing (Vogel et al., 2005), adaptability 

to new elements (Barrett et al., 2004; Kane et al., 2001; Long & Prat, 2002), and prospective 
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memory (Brewer et al., 2010; Meeks et al., 2015). In cognitive functioning, compensatory 

processes are manifested as improving or emphasising one aspect (i.e. some part of a 

cognitive task or abnormal neural processing) in order to make up for a loss in attempt to 

maintain performance on the overall task. Compensatory processes are often associated with 

lower cognitive functioning, especially in elderly or cognitively impaired people (Cabeza, 

2002). In our study, we found a potential compensatory process in the LWMC group. While 

the LWMC group performed worse on both the memory probe (essentially the ‘end-goal’ 

portion of the task) and the target-decoy portion, they drew stronger distinctions between the 

distractors compared to the other higher WMC groups. Some studies point out that having 

stronger distinctions between visual items is evidence of exceptional cognitive performance 

(Unsworth, 2009; Vogel et al., 2005); however, it is evident that this ‘benefit’ is detrimental, 

if another part of task is compensated.  

 This shortcoming within the LWMC group may be related to their inability to task-

switch and pick up on relevant cues. Studies have shown that LWMC people have trouble 

adjusting and managing their attention to unexpected elements (Barrett et al., 2004; Kane et 

al., 2001; Long & Prat, 2002). In our study, both our WMC and memory probe tasks required 

participants to manoeuvre their attention between two parts of the task, essentially task-

switching, which was compensated and/or poorer in LWMC participants. Unlike HWMC 

people, LWMC people may need strong associations between items to help compensate, as 

this was shown to aid in prospective memory processes (Meeks et al., 2015). Similarly, 

patients with Alzheimer’s disease (AD) benefited when a stronger visual contrast was added 

to their everyday items (i.e. brightened pill box) to help with their everyday functioning 

(Albers et al., 2015). These compensatory processes, evident in lower-capacity individuals, 

suggest that these populations (whether young, old, or clinical) benefit from ingraining 

impressions to assist cognitive processes. Thus, combining our results and other studies, we 
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point out that a distinction that sets the WMC groups apart is their ability to navigate and 

perform well on both or several parts in a task, without exhibiting compensatory processes. 

 Compensatory processes in elderly and cognitively impaired individuals. 

Compensatory processes are robustly evident in elderly and cognitively impaired people, who 

also portray deteriorated cognitive functioning and aberrant neural activity compared to 

healthy, young people. Much research characterises that impaired and/or compensated 

cognitive functioning is found with strong prefrontal activation or ‘hyperfrontality’ in 

especially aging and clinical populations (Buckner, Andrews-Hanna, & Schacter, 2008; 

Cabeza, 2002; Davis, Dennis, Daselaar, Fleck, & Cabeza, 2008). Despite its aid in cognitive 

processes, literature has strongly associated that this hyperfrontality leads to the cascading of 

major brain networks, such as the memory networks and the default mode network (Jones et 

al., 2016). Aberrant neural patterns are also evinced in specific timeframes through ERP 

signals. One study found that older adults had a stronger P3 at the frontal midline electrodes, 

which was coupled with hyperfrontality and posterior hypoactivity with inefficient 

performance on an n-back task (Saliasi, Geerligs, Lorist, & Maurits, 2013). In contrast, more 

efficiency on the task was correlated with stronger P3 amplitudes on the parietal sites in 

younger adults (Saliasi et al., 2013). The P3, though not lateralised, may be similar to the Ptc, 

as they are both positive deflections that occur approximately 300 ms after the stimulus onset 

and are related to higher cognitive processing (Sutton, Braren, Zubin, & John, 1965). Our 

study showed that LWMC participants displayed a compensatory process and reduced neural 

components compared to HWMC participants, which may thus be characteristics of declined 

cognition. With recent neural evidence revealing compensatory processes, perhaps lateralised 

components may also reveal further abnormalities, especially in the distractor suppression. 

Therefore, these characteristics may tie LWMC people with one another, whether they are 

from young, aging, or clinical populations.  
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4.3  Impaired Controlled Inhibition in the Low Capacity and Cognitively Impaired  

 Characteristics of filtering inefficiency. Filtering inefficiencies are evident in both 

elderly and young adults with a lower WMC (Collette, Schmidt, Scherrer, Adam, & Salmon, 

2009; Engle, 2002; Hasher & Zacks, 1988). Specifically in older adults, the inhibitory deficit 

hypothesis, explains that the inability to suppress irrelevant information or distraction 

interferes with their cognitive functioning (Collette et al., 2009; Hasher & Zacks, 1988), 

especially in WMC (Myerson, Emery, White, & Hale, 2003). Similarly, in young adults with 

a LWMC, instead of efficiently ignoring the distractors and attending to targets, they process 

every item in their visual field, impairing their task performance compared to HWMC adults 

(Vogel et al., 2005). The contralateral delay activity (CDA) signal also demonstrated that low 

spans treated distractors and targets items as the same, thereby not employing any 

discrepancy between them (Vogel et al., 2005). Compared to high spans, low spans were 

more prone to shifting their attention and their eyes towards irrelevant information and more 

likely to look at salient cues (Kane et al., 2001). Behavioural and ERP measurements also 

illustrate that attention is also more broadly dispersed for LWMC than HWMC people, who 

were either unable to enhance the target or inhibit distractors in an attentional cueing task 

(Fukuda & Vogel, 2009; Fukuda & Vogel, 2011). Furthermore, high spans have been shown 

to have a stronger Ptc amplitude and better performance, compared to low spans, indicating 

that filtering efficiency is strongly related to one’s WMC (Gaspar et al., 2016). These studies 

demonstrate that both low capacity adults and older adults bear a strong propensity to 

‘absorb’ all information which is available, but then as a consequence, this behaviour reduces 

other vital cognitive functioning, like suppressing irrelevant information.  

 In our study, we also recognised that the LWMC group was inefficient when 

processing distractors in the LAI task. We found that the LWMC group had a stronger Ptc 

component when the distractor was more salient (filled circle), while the HWMC group had a 
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stronger Ptc component when the distractor was less salient (letter L). From our preliminary 

study, participants displayed a stronger Ptc with the more salient distractor (letter C) 

compared to the less salient distractor (letter L) (Tahara-Eckl et al., 2018). Taking both our 

preliminary and current experiments into mind, we can infer that it was harder for LWMC 

participants to distinguish between the distractors because of the similar Ptc pattern observed 

in both studies. In both studies, LWMC participants displayed a strong Ptc amplitude for the 

more salient distractor, but in our current study, HWMC participants did not display a strong 

Ptc for the filled circle distractor. This difference between WMC suggests that HWMC 

participants individuate distractors without needing to expend suppressive effort (the Ptc 

component), while LWMC participants must still exert suppression of the salient, filled circle 

distractor.  

 Other studies also observed this poor filtering ability in cognitively impaired people, 

inclusively tying young, aging and clinical people together. For instance, young LWMC 

people had a poorer ability in utilizing relevant cues for remembering compared to young 

HWMC people (Unsworth, 2009). Another study found that elderly adults and individuals 

with early-stage AD were less able to differentiate between relevant and irrelevant 

information and stored them both more into their short-term memory compared to younger 

adults (Chapman et al., 2016). Moreover, individuals with AD showed more object 

perception deficits when identifying shapes inside overlapping, ‘simultaneous images,’ 

compared to healthy, elderly matched-controls. Instead of being able to efficiently identify 

and separate each shape distinctly within the amalgamated shape, individuals with AD are not 

able to suppress the irrelevant from the relevant shapes (Ruiz-Rizzo et al., 2017). Thus, 

numerous studies demonstrate that filtering impairments, especially in suppressing 

distractions, interfere with cognitive processing and are evident in young, aging, and clinical 

populations. Furthermore, the ‘cognitive reserve theory’ suggests that lower cognitive 
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capacity in young people are more vulnerable to cognitive decline (Barulli & Stern, 2013). 

Taken together, it is apparent that less cognitive capacity is strongly related and may lead to 

cognitive deterioration.  

4.4  Strong, Well-Defined ERPs as an Indication to Superior Cognitive Processing 

 The Late N2pc as a characteristic of superior cognitive processing. Many studies 

illustrate that ERPs with smaller, attenuated amplitudes and delayed latencies are strongly 

indicative of poor cognitive functioning. This pattern of diminished neural responses is 

frequent in older or cognitively impaired people compared to young, healthy people (Cona, 

Bisiacchi, Amodio, & Schiff, 2013; Haring et al., 2013; Kok, 2000; Wilson, 2010). Markedly, 

a weaker and/or a delayed P3 neural response has been shown to be tightly correlated to 

worse cognitive performance in attentional tasks (Gozke, Tomrukcu, & Erdal, 2016; Lai, Lin, 

Liou, & Liu, 2010) and in WM tasks (Lopez Zunini et al., 2016; Newsome, Pun, Smith, 

Ferber, & Barense, 2013). Starting as early as from middle-age, dedifferentiation between 

stimuli grows as the P3 component attenuates with increasing age (Mott, Alperin, Holcomb, 

& Daffner, 2014). Moreover, healthy, young people who had the gene for the development of 

AD, also had an abnormal P3 component (Ally, Jones, Cole, & Budson, 2006). Additionally, 

attenuated CDA waves are relevant to less demand upon WM load and lower WMC people 

(Vogel et al., 2005) and have been observed to be reduced in mild cognitive impaired (MCI) 

patients compared to healthy, young and elderly adults (Newsome et al., 2013). Attenuated 

Ptc amplitudes have been tied to LWMC people compared to higher WMC people (Gasper et 

al., 2016; Tahara-Eckl et al., 2018). One study, using a similar LAI task in our study, found 

that the Ptc component amplitude was reduced and the latency was increased in older adults 

compared to younger adults (Wilson, 2010). All things considered, these studies demonstrate 

that the impaired cognitive performance found in elderly adults and patients with dementia is 
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related to attenuated amplitudes and/or increased latencies of the ERP components, such as in 

the N2 or N2pc, the P3 or Ptc, and the CDA. 

 Within our own study, while we found that participants differed on the Ptc 

component, these effects were not strong since the Ptc was no different from the baseline. 

Instead, we found that participants differed strongly on the late N2pc signal, which occurred 

after the Ptc. Specifically, the late N2pc evoked by filled circles was strongly dependent on 

WMC. Importantly, only the HWMC group generated the late N2pc, which led us to posit 

that HWMC, but not LWMC participants, possessed some residual ‘leftover attentional 

resources.’ Similarly, Vogel et al. (2005) also discovered that a stronger late negativity signal 

was evidence of higher memory processing during a visual WM task. Though the late N2pc 

may not necessarily be directly related to superior cognitive functioning, we may postulate 

that having this ‘extra attentional resource’ may be a characteristic of superior functioning in 

HWMC people. Importantly, this signals is elicited on tasks that are not highly complicated 

to which attentional resources can be reserved and allocated to other areas. Supporting this, 

another study found that when a WM task was sufficiently difficult, there were no resources 

left to process distractors (SanMiguel, Corral, & Escera 2008). Specifically, they found that 

increasing the difficulty of a WM component in a visual selective attention task weakened 

distraction tendencies and the P3 component. The higher the WM load, the less the person 

was distracted by irrelevant noises, which correlated with an attenuated P3 response 

(SanMiguel et al., 2008). Tying the strong late N2pc with the other ERP signals found in 

other studies, it may be the case that in general, stronger protuberances of these components 

are indicative of higher cognitive functioning but in uncomplicated tasks.  

 Flexibility of attentional switching for distractor processing is evidence for superior 

cognitive processing. The strong late N2pc signal may portray that HWMC people have 

efficient task-switching because of their high proficiency in distractor processing. In our 
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study, unlike the LWMC group, the HWMC group could afford to be distracted without 

compromising their behavioural performance in the more salient condition (filled circle) but 

not in the less salient condition (letter L). This HWMC characteristic was evinced by a strong 

late N2pc amplitude in the more salient condition. In contrast, the late N2pc amplitude in 

LWMC group did not differ between the distractors, much less even exist, which may be 

evident of lower cognitive functioning, such as restrained attentional switching for distractor 

processing. The HWMC group possessed a stronger attentional switch and thus a greater 

control over their attention, as shown their late N2pc difference between the distractors. 

Other studies also demonstrated that the lack of adaptability in neural components are 

reflected upon rigid behaviour in especially elderly adults when dealing with different kinds 

of stimuli. For instance, one study found that older adults performed worse than younger 

adults, as they were unable to suppress irrelevant stimuli under the ‘ignore condition’ (Haring 

et al., 2013). This lack of suppression was also reflected in the selection positivity (SP) 

component (Haring et al., 2013), which is an index for selective attention and is sensitive 

towards the colour, orientation, or size of the stimuli (Luck & Hillyard, 1994a). Another 

study also found that the N170 component, which is a component for identifying faces, was 

not reduced in older adults when dealing with irrelevant faces they were to ignore, compared 

with younger adults (de Fockert, Ramchurn, van Velzen, Bergström, & Bunce, 2009). In 

these ways, a late N2pc may reflect high flexibility in which HWMC people possess.     

4.5  Limitations  

 The limitations in this study were mainly in the number of participants and the task 

designs. One limitation was that there were not enough participants per WMC group, which 

may have weakened both the behavioural and especially the ERP data. In our study, WMC 

differences would be weak because our sample is drawn from a young, healthy population 

who are highly educated, coming from a University background. Therefore, in attempting to 
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investigate WMC differences in a more effective way, a larger sample size and a larger 

variance from the population is needed. Another limitation was that we did not have a true 

tertile split for the WMC groups. Participants had to be assigned to a WMC group 

immediately after finishing their first session in order to conduct the second session of the 

study. Additionally, as participants kept getting added into the study, their scores and the 

mean of the sample would adjust, thereby adjusting their group division. Because of this 

‘regular fluctuation,’ we used our preliminary dataset, which had also employed the WMC 

complex span tasks for measuring individual WMC, as a rough guideline to categorise 

participants into their respective WMC group.  

 Other limitations were specific to the task and study design. For instance, participants 

may have experienced fatigue, especially when undergoing their first session since they were 

required to do two tasks in one sitting. Participants were allowed to take a break in between 

the tasks in order to reduce fatigue, though many chose not to. For future studies, in order to 

reduce time and the possible effects of fatigue, we can just employ one task (i.e. the modified 

LAI memory probe task), which would measure both WMC and task performance. While the 

memory probe task categorised one’s WMC adequately, the LAI task still may have been too 

effortless and not relating enough to WM. Indeed, other studies have found that a less 

demanding prospective memory task did not strongly differentiate between WMC (Brewer et 

al., 2010; Kliegel, McDaniel, & Einstein, 2000), thereby showing that easier, effortless tasks 

may not be sensitive enough to detect individual cognitive capacity differences. In particular 

with our memory probe, participants may have been able to rehearse the ‘memorisation 

portion’ (i.e. the target’s colour) throughout the four trials and were not distracted enough by 

the LAI portion of the task. Being able to maintain the memory trace of the stimuli through 

repetition without being distracted may not strongly probe WM since attention is not being 

diverted and allocated onto the different demands of the task. Therefore, a more difficult 



WORKING MEMORY AND DISTRACTOR PROCESSING IN ATTENTION 

84 
 

memory probe task that is related to WM, may more accurately define one’s WMC. Also, 

participants who completed two sessions in the study, may have become fairly familiar with 

the task, which may have affected their behaviour, though this was not evident.  

4.6  Future Research 

 Further investigation of the Ptc’s role. How different items look from one another in 

the visual field affects whether individuating the items or activating the Ptc component are 

needed. We found that increasing the saliency of the distractor did not necessarily lead to a 

stronger Ptc. Thus, strong distractor saliency may not be exceptional for measuring the Ptc, if 

we wanted to test its maximal output. Instead, a strong Ptc component can be elicited, if the 

distractors differ on one aspect (Gaspelin & Luck, 2018; Tahara-Eckl et al., 2018). 

Nevertheless, testing overly salient distractors (i.e. flashing with bright colours, motion, 

noises, etc.) may exhibit different attentional processing. In this case, a strong Ptc, or perhaps 

a different component, may be needed to ignore items that interfere with our attention due to 

their strong saliency. Additionally, testing our current task which has stronger saliency 

differences on elderly or cognitively impaired adults may yet still reveal a strong Ptc 

component because they may require additional recruitment to suppress distractors compared 

with a young healthy population, who do not need such strong suppression or have filtering 

inefficiencies (Collette et al., 2009; Hasher & Zacks, 1988).   

 Archetypical ERP components and lateralised components. Another area for further 

research is to compare the ‘unlateralised’ (i.e. the N2 and P3) to the lateralised components 

(i.e. the N2pc and Ptc), in how they relate to one another and what tasks and behaviours may 

elicit these components more or less so. While not as much research has been done to explore 

the effects of cognitive decline using lateralised components, much research has found that an 

attenuated and delayed P3 component is indicative of cognitive decline in cognitively 
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vulnerable populations (Gozke et al., 2016; Lai et al., 2010; Lopez Zunini et al., 2016; 

Newsome et al., 2013). Because both the P3 and Ptc occur at around similar timeframes and 

are indicative of higher cognitive processing (Sutton et al., 1965), it would be interesting to 

further explore how the Ptc is elicited in cognitive decline, especially in cognitively 

vulnerable populations. Furthermore, the Ptc component may be a strong indicator towards 

the differences between these populations, as it is known that these cognitively impaired 

populations have a lack of controlled inhibition (Hasher & Zacks, 1988). Though testing and 

comparing these populations to one another would be meaningful, it is worth being cautious 

because some tasks may prove to be too difficult towards elderly adults which may cause 

discouragement and a lack of motivation, especially when testing WM (Conway et al., 2005).  

 Further investigation in LWMC and cognitively impaired people. It would be 

interesting to further explore whether stronger behavioural and neural differences are evoked 

from distractor conditions and WMC when comparing young, elderly, and clinical 

populations. As stated before, stronger differences have been found when comparing a young 

sample to an old and/or cognitively impaired sample, who have frequently exhibited 

diminished ERPs (Cona et al., 2013; Haring et al., 2013; Kok, 2000; Wilson, 2010). In 

conjunction with smaller ERP patterns evoked in these cognitively vulnerable populations, 

our current study also exhibited LWMC participants with smaller and less defined lateralised 

components, namely the late N2pc component in comparison to HWMC participants. While 

there are strong ties between young, LWMC people and cognitively vulnerable populations, 

another study makes a cogent argument to distinguish between them. Specifically, Jost, 

Bryck, Vogel, and Mayr (2011) found that while both LWMC young adults and older adults 

with preserved WMC had a delayed CDA, the CDA in older adults reached the threshold for 

the normal negativity range of the CDA, while younger adults had a continued reduction. 
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Therefore, it would be interesting to explore how other lateralised components which are tied 

to cognitive behaviour, namely the N2pc and Ptc, are portrayed in these different populations.     

 ERP components as biomarkers for potential cognitive rehabilitation. In these ways, 

lateralised neural components may serve as predictive biomarkers of cognitive deterioration. 

With these ‘neural transcripts,’ a step further would be to apply noninvasive brain 

stimulations (NIBS) in attempts to alter these signals and behaviour. NIBS, such as 

transcranial magnetic stimulation (TMS) and transcranial direct current stimulation (tDCS), 

have been found to cognitively enhance behavioural performance and promote brain 

plasticity in young, elderly, and cognitively impaired populations (Tatti et al., 2016). 

Additionally, NIBS have been shown to have long-lasting effects from several hours to days, 

and even years through long-term potentiation or long-term depression (Tatti et al., 2016). 

Specific cognitive enhancements from tDCS include visual attention, WM (Berryhill, 

Peterson, Jones, & Stephens, 2014), executive control (Iyer et al., 2005), and reasoning 

(Hearne, Cocchi, Zalesky, & Mattingley, 2015). Therefore, applying NIBS to these visual 

regions may alter these lateralised components and alter behavioural performance. Through 

these cognitive facilitations, rehabilitative or preventative measures may be possible towards 

cognitively vulnerable populations.    

4.7  Conclusion 

 We investigated how WMC and distractor saliency affected selective attention. We 

employed a modified LAI task as our main experimental task, which required participants to 

discriminate a target from the rest of the items (whether that be distractor or filler items) in 

their visual field. Additionally, we measured lateralised components that were associated 

with target enhancement and distractor suppression. In line with previous literature, our 

results showed that participants performed better when distractors were less like the target 
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and when participants had a higher WMC. Interestingly, we found that the LWMC group 

displayed a compensatory process, which showed that they discriminated between the 

distractors more, but performed worse on the memory probe and overall on the task, 

compared to the HWMC group. This compensatory behaviour is comparable to aging and 

cognitively impaired populations, thereby suggesting that young adults who function at a 

lower capacity are more alike to cognitively vulnerable populations and may be inclining 

towards neurodegeneration. We also found that even though participants performed better on 

the LAI task with the more salient distractor, the suppressive, Ptc component was not strong. 

Unlike our preliminary data, the Ptc did not differ by the distractor conditions or WMC. This 

lack of a strong Ptc may be due to the distractor items already clearly looking different from 

one another, thereby not necessitating suppression. Instead, we found that the HWMC group 

were exclusively responsible for the late N2pc signal when distractors were a filled circle. 

From this, we interpreted that HWMC participants were able to afford this distraction without 

causing detrimental effects to their performance. In this manner, we tied this behaviour to 

attentional switching, which is necessary for distractor processing and are largely lacking in 

the elderly and neurodegenerative populations. We have reason to regard these neural 

components as reliable predictors for cognitive deterioration, and hope to assess them 

specifically in prospective studies.       
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Appendix A 

The School of Psychology 
  The Science Centre  
  Level 2, Building 302  
  23 Symonds Street 
  +64 9 373 7599 ext 88413 or 88557 
 
  The University of Auckland 
  Private Bag 92019 

  Auckland 1142 
  New Zealand 

Participant Information Sheet 

 

Project title  

Resting-state alpha power, working memory capacity, and performance in a 
visual search task. 

 

Researcher 

Lenore Tahara-Eckl 

Supervisor 

Associate Professor Paul Corballis 

Researcher Introduction 

My name is Lenore Tahara-Eckl, and I am a Masters student in the School of 
Psychology at the University of Auckland. My supervisor is Associate Professor 
Paul Corballis.  

This Project  

In this project we are investigating the psychological and physiological predictors 
of performance in a “visual search” task, in which you will be asked to respond 
to a “target” object presented in an array of other symbols.  Participation in this 
study involves two sessions, each of which will be 60-90 minutes in duration.  In 
the first session we will ask you to fill out some questionnaires and to perform a 
computer-based test of “working memory capacity”.  Essentially, this is a test of 
how much information you are able to remember while you are engaged in 
making simple decisions. In addition, you will also perform selective attention 
task that involves simple detection on a computer screen through manual 
keyboard pressing responses.   

If eligible, you may be contacted to do a second session as a follow-up. In the 
second session, we will record your brain waves using an electroencephalogram 
(EEG).  This will involve placing a number of electrodes on your head using an 
elastic net.  We will record EEG while you perform the visual search task and 
while you are not actively engaged in any task.  This second session should take 
about 90 minutes of your time, including about 30 minutes of set-up time for the 
EEG. You will be given brief rest breaks every few minutes during the 
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experiment.  Please ask the experimenter any questions that may arise while 
you are doing the task(s). 

Up to 200 participants may participate in this study.  

Electroencephalography 

The second session of the study requires the use of EEG to monitor the activity 
of your brain during the experiment.  The electrodes will be placed on the 
surface of your scalp by means of an elastic ‘cap’.  The electrodes are encased in 
sponges, which are soaked in an electrolyte solution (consisting of shampoo, 
salt, and water). 

There are no other known risks involved with this EEG beyond those 
encountered in everyday life.  The electrodes and the recording apparatus are 
electrically isolated so there is no possibility of shock in the unlikely event of an 
electrical fault in the equipment.  The electrodes are disinfected after each use 
to prevent the possibility of biological contamination. If you feel any discomfort 
during the experiment, please inform the experimenter immediately.  You can 
choose to stop participation at any time and the experimenter will be with you all 
the time. 

After finishing this part of the session, and with the electrodes having been 
removed, you will be able to tidy yourself up in the bathroom, which has a sink 
and a shower.  Clean towels can also be provided for this, if needed.  

 

Benefits 

You will be given a voucher worth $10 as a “thank you” for participating in this 
study at the end of each session. Your participation will help us to gain a better 
understanding of the relationship between working memory capacity, resting 
activity, and selective attention. 

Copy of results 

Participants may request a copy of the results by indicating in the Consent Form. 

Confidentiality 

Participation in this study is entirely voluntary, and if you choose to participate, 
you can change your mind at any time without giving a reason and without any 
negative consequences. Whether you decide to participate in the research or 
not, it will not influence your relationships with the researchers or the University 
of Auckland in any way.  Your participation, or decision not to participate, will in 
no way impact your grades in any Psychology course. 

After your participation is completed, you will still have the right to request that 
your data be withdrawn from the study for up to one month.  You will be given a 
copy of this document to keep.  The questionnaire responses and other data you 
provide will be preserved and any information that identifies you as a participant 
will be used confidentially.  Your name will only appear on the attached Consent 
Form, which will be coded with an identification number that will be used 
throughout the study.  If the information you provide is reported or published, 
this will be done in a way that does not identify you as its source. 

Access to consent forms, questionnaire responses and data will be restricted to 
the researchers directly involved in this project and will be stored in a locked 
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cabinet on university premises.  All data will be kept for a period of at least six 
years to allow for publication and future re-analysis, after which it will be 
securely and confidentially disposed. 

Participants will be required to be between 18-35 years of age.  Participants with 
a history of epilepsy or migraine will be excluded, as will participants with 
uncorrected visual deficits (participants with eyeglasses or contact lenses will be 
included). 

Invitation to Participate 

You are invited to participate in this research study. Your participation is 
voluntary and you may decline at any point in time during the research 
procedure. If you are a student of the researchers, we give our assurance that 
your participation or non-participation in this study will have no effect on your 
grades or relationship with the University, and that you may contact your HoD 
should you feel that this assurance has not been met. 

 

If you any have questions or concerns about the project, please contact one of 
the following:  

 
Principal Investigator 
Associate Professor Paul M. Corballis  
School of Psychology 
The University of Auckland 
Private Bag 92019 
Auckland 1142 
Ph: (09) 373 7599 ext 88562 
p.corballis@auckland.ac.nz 

 
The Head of School of Psychology  
Professor Ian Kirk 
School of Psychology 
The University of Auckland 
Private Bag 92019 
Auckland 1142 
Ph: (09) 373-7599 ext 88524 
i.kirk@auckland.ac.nz 

 

Student 
Lenore Tahara-Eckl   
ltah262@aucklanduni.ac.nz 

For any concerns regarding ethical issues you may contact The Chair, the 
University of Auckland Human Participants Ethics Committee, at the University of 
Auckland, Research Office, Private Bag 92019, Auckland 1142. Telephone 09 
373-7599 ext. 83711. Email: ro-ethics@auckland.ac.nz” 

 

 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANT 

ETHICS COMMITTEE ON  22/02/2017 for three (3) years. Reference 
Number 018600 

mailto:ro-ethics@auckland.ac.nz
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Appendix B 

 
The School of Psychology 

  The Science Centre  
  Level 2, Building 302  
  23 Symonds Street 
  +64 9 373 7599 ext 88413 or 88557 
 
  The University of Auckland 

  Private Bag 92019 
  Auckland 1142 
  New Zealand 

Participant Information Sheet 

 

Project title  

Resting-state alpha power, working memory capacity, and performance in a 
visual search task. 

 

Researcher 

Lenore Tahara-Eckl 

Supervisor 

Associate Professor Paul Corballis 

Researcher Introduction 

My name is Lenore Tahara-Eckl, and I am a Masters student in the School of 
Psychology at the University of Auckland. My supervisor is Associate Professor 
Paul Corballis.  

This Project  

In this project we are investigating the psychological and physiological predictors 
of performance in a “visual search” task, in which you will be asked to respond 
to a “target” object presented in an array of other symbols.  Participation in this 
study involves two sessions, each of which will be 60-90 minutes in duration.  In 
the first session we will ask you to fill out some questionnaires and to perform a 
computer-based test of “working memory capacity”.  Essentially, this is a test of 
how much information you are able to remember while you are engaged in 
making simple decisions. In addition, you will also perform selective attention 
task that involves simple detection on a computer screen through manual 
keyboard pressing responses.   

If eligible, you may be contacted to do a second session as a follow-up. In the 
second session, we will record your brain waves using an electroencephalogram 
(EEG).  This will involve placing a number of electrodes on your head using an 
elastic net.  We will record EEG while you perform the visual search task and 
while you are not actively engaged in any task.  This second session should take 
about 90 minutes of your time, including about 30 minutes of set-up time for the 
EEG. You will be given brief rest breaks every few minutes during the 
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experiment.  Please ask the experimenter any questions that may arise while 
you are doing the task(s). 

Up to 200 participants may participate in this study.  

Electroencephalography 

The second session of the study requires the use of EEG to monitor the activity 
of your brain during the experiment.  The electrodes will be placed on the 
surface of your scalp by means of an elastic ‘cap’.  The electrodes are encased in 
sponges, which are soaked in an electrolyte solution (consisting of shampoo, 
salt, and water). 

There are no other known risks involved with this EEG beyond those 
encountered in everyday life.  The electrodes and the recording apparatus are 
electrically isolated so there is no possibility of shock in the unlikely event of an 
electrical fault in the equipment.  The electrodes are disinfected after each use 
to prevent the possibility of biological contamination. If you feel any discomfort 
during the experiment, please inform the experimenter immediately.  You can 
choose to stop participation at any time and the experimenter will be with you all 
the time. 

After finishing this part of the session, and with the electrodes having been 
removed, you will be able to tidy yourself up in the bathroom, which has a sink 
and a shower.  Clean towels can also be provided for this, if needed.  

 

Benefits 

The research will take up to 90 minutes or up to 180 minutes of your time and 
you will receive 2 units of the 2 course credits that satisfy the Experiential 
Learning Component requirement for PSYCH 204/PSYCH 207. Your participation 
in this study is completely voluntary. 

Your participation will be kept anonymous for plussage. The SONA-Systems will 
provide a unique code for you, and it will not be directly connected to your data. 
In addition, the research technician, who will check your fulfilment of your 
participation to this study for your plussage requirement, is independent from 
the course that you are in. This way the researcher, the course coordinator, and 
lecturer will not be able to tie the individual participant to their data.  

You may withdraw from the data collection at any time. However, withdrawal 
from this study would still require you to either (1) participate in an alternative 
study or (2) complete a written assignment in order to satisfy the Experiential 
Learning Component requirement for PSYCH 204/PSYCH 207. 

Copy of results 

Participants may request a copy of the results by indicating in the Consent Form. 

Confidentiality 

Participation in this study is entirely voluntary, and if you choose to participate, 
you can change your mind at any time without giving a reason and without any 
negative consequences. Whether you decide to participate in the research or 
not, it will not influence your relationships with the researchers or the University 
of Auckland in any way.  Your participation, or decision not to participate, will in 
no way impact your grades in any Psychology course. 
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After your participation is completed, you will still have the right to request that 
your data be withdrawn from the study for up to one month.  You will be given a 
copy of this document to keep.  The questionnaire responses and other data you 
provide will be preserved and any information that identifies you as a participant 
will be used confidentially.  Your name will only appear on the attached Consent 
Form, which will be coded with an identification number that will be used 
throughout the study.  If the information you provide is reported or published, 
this will be done in a way that does not identify you as its source. 

Access to consent forms, questionnaire responses and data will be restricted to 
the researchers directly involved in this project and will be stored in a locked 
cabinet on university premises.  All data will be kept for a period of at least six 
years to allow for publication and future re-analysis, after which it will be 
securely and confidentially disposed. 

Participants will be required to be between 18-35 years of age.  Participants with 
a history of epilepsy or migraine will be excluded, as will participants with 
uncorrected visual deficits (participants with eyeglasses or contact lenses will be 
included). 

Invitation to Participate 

You are invited to participate in this research study. Your participation is 
voluntary and you may decline at any point in time during the research 
procedure. If you are a student of the researchers, we give our assurance that 
your participation or non-participation in this study will have no effect on your 
grades or relationship with the University, and that you may contact your HoD 
should you feel that this assurance has not been met. 

 

If you any have questions or concerns about the project, please contact one of 
the following:  

 
Principal Investigator 
Associate Professor Paul M. Corballis  
School of Psychology 
The University of Auckland 
Private Bag 92019 
Auckland 1142 
Ph: (09) 373 7599 ext 88562 
p.corballis@auckland.ac.nz 

 
The Head of School of Psychology  
Professor Ian Kirk 
School of Psychology 
The University of Auckland 
Private Bag 92019 
Auckland 1142 
Ph: (09) 373-7599 ext 88524 
i.kirk@auckland.ac.nz 

 

Student 
Lenore Tahara-Eckl   
ltah262@aucklanduni.ac.nz 

For any concerns regarding ethical issues you may contact The Chair, the 
University of Auckland Human Participants Ethics Committee, at the University of 
Auckland, Research Office, Private Bag 92019, Auckland 1142. Telephone 09 
373-7599 ext. 83711. Email: ro-ethics@auckland.ac.nz” 

mailto:ro-ethics@auckland.ac.nz


WORKING MEMORY AND DISTRACTOR PROCESSING IN ATTENTION 

108 
 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANT 
ETHICS COMMITTEE ON  22/02/2017 for three (3) years. Reference 
Number 018600 
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Appendix C  

The School of Psychology 
  The Science Centre  
  Level 2, Building 302  
  23 Symonds Street 
  +64 9 373 7599 ext 88413 or 88557 
 
  The University of Auckland 
  Private Bag 92019 

  Auckland 1142 
  New Zealand 

Consent Form 
This consent form will be held for a period of six years. 

 
Project Title: Resting-state alpha power, working memory capacity, and 
performance in a visual search task 

 
Researcher: Lenore Tahara-Eckl   Supervisor: Associate Professor Paul Corballis  
 
I have read the Participant Information Sheet, and I have understood the nature of the 
research and why I have been selected. I have had the opportunity to ask questions and 
have them answered to my satisfaction.  
 
� I agree to take part in this research.  

� I understand that my participation is voluntary. 

� I understand that my participation, or decision not to participate, will in no way impact 
my grades in any Psychology course. 

� I understand that I will complete questionnaires, computer-based working-memory and 
selective-attention tasks, and my brain activity will also be recorded with an 
electroencephalogram (EEG).   

� I understand that I may be contacted to do a follow-up session, if I am eligible to do so 
at the discretion of the researcher.  

� The research project has been explained to me, and I have had an opportunity to ask 
questions and have them answered. 

� I understand that I am free to withdraw from participation at any time without giving a 
reason.  

� I understand that I am able to withdraw my data up to one month after the procedure 
has been done.  

� I understand that data collected during this study will be stored in an anonymous 
format. 

� I understand that my time commitment will be approximately 1 – 1.5 hours per 
session.  

� I understand that my participation and data will be kept confidential. 

� I understand my data will be kept for 6 years, after which any data may be destroyed. 

� I do/do not (circle one) wish to receive a summary of findings which can be emailed 
to me at this email address:          

Name:           
    (Please print clearly) 

 
Signed:       Date:    
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Appendix D 
The School of Psychology 

  The Science Centre  
  Level 2, Building 302  
  23 Symonds Street 
  +64 9 373 7599 ext 88413 or 88557 
 
  The University of Auckland 
  Private Bag 92019 
  Auckland 1142 
  New Zealand 

Consent Form 
This consent form will be held for a period of six years. 

 
Project Title: Resting-state alpha power, working memory capacity, and 
performance in a visual search task 

 
Researcher: Lenore Tahara-Eckl   Supervisor: Associate Professor Paul Corballis  
 
I have read the Participant Information Sheet, and I have understood the nature of the 
research and why I have been selected. I have had the opportunity to ask questions and 
have them answered to my satisfaction.  
 
� I agree to take part in this research.  

� I understand that my participation is voluntary. 

� I understand that my participation, or decision not to participate, will in no way impact 
my grades in any Psychology course. 

� By participating in this research study, I will receive 2 credits to be applied towards 
the Experiential Learning Component for either PSYCH 204 or PSYCH 207.  

� I understand that I will complete questionnaires, computer-based working-memory and 
selective-attention tasks, and my brain activity will also be recorded with an 
electroencephalogram (EEG).   

� I understand that I may be contacted to do a follow-up session, if I am eligible to do so 
at the discretion of the researcher.  

� The research project has been explained to me, and I have had an opportunity to ask 
questions and have them answered. 

� I understand that I am free to withdraw from participation at any time without giving a 
reason.  

� I understand that I am able to withdraw my data up to one month after the procedure 
has been done.  

� I understand that data collected during this study will be stored in an anonymous 
format. 

� I understand that my time commitment will be approximately 1 – 1.5 hours per 
session.  

� I understand that my participation and data will be kept confidential. 

� I understand my data will be kept for 6 years, after which any data may be destroyed. 

� I do/do not (circle one) wish to receive a summary of findings which can be emailed 
to me at this email address:          

Name:           
    (Please print clearly) 

Signed:       Date:     
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Appendix E 
Demographic Questionnaire 

Please complete the questionnaire by answering all questions.  This is entirely voluntary and 
the information will be treated confidentially. 

 
Date: ______________ 

 
� Sex:             Female    Male  

   Gender Diverse          Do not wish to disclose 
 

� Age:    ___________ 

� Vision:   

o Do you have corrective eyewear?   Yes  No 

o If so, what type of corrective eyewear    Glasses 
are you wearing right now?    Contact Lenses 
       Nothing 

o What best describes your vision?   Nearsighted 
Nearsighted: nearby objects can be seen Farsighted 
clearly, but distant objects are blurry  I’m not sure 

 Farsighted: distant objects can be seen  N/A 
 clearly, but nearby objects are blurry 

     d. Do you have any colour blindness?          Yes  No          Not sure 
 

4. Do you have any history of epilepsy?  Yes  No 
5. Do you have any history of migraine?  Yes  No 

6. Do you have any history of neurological disorders?     Yes         No 
 If so, please list: ________________________________________________ 

7. Do you have any history or are you currently diagnosed with any 

mood disorders?                      Yes      No 

  
If so, have you ever been, or are you currently diagnosed with:  

  depression?                              current           in the past            no 

 

  anxiety?                                         current           in the past            no 

 

  bipolar disorder?                                current           in the past            no 
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  chronic stress?                                   current           in the past            no 

 

  post-traumatic stress disorder (PTSD)?                                                                           
                   current           in the past            no 

 

  personality disorder?                        current           in the past            no 

  other? (please list): ________________________________________ 

 

 

 Are you currently on any medications for any neurological or mood disorders?                                       
  Yes             No 
 If so, please list: ________________________________________________ 

 

 

8. Dominant hand:                               Right  Left          Ambidextrous 

 

 

 

9.  Highest education level (what is the highest degree you currently 

have):  

 
  No schooling completed  
 
  Less than high school       
 
  High school graduate, diploma, GED      
 
  Some college, no degree 
      
  Trade/technical/vocational training 
      
  Associate degree 
   
  Bachelor’s degree 
 
  Master’s degree 
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  Professional degree 
 
  Doctorate degree 
 
      
 
 
 

 

--------------------------------------------------Experimenter---------------------------------------------

---- 
Experiment:   _________________  Version: 

 ________________ 

Participant #:  _________________ 

 

 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS 
ETHICS COMMITTEE ON   22/02/2017   FOR 3 YEARS, REFERENCE 
NUMBER 018600 
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Appendix F 

 

Figure 1. Normal distribution of the average z-score of the participants on all three 

WMC tasks: OSpan, SymSpan, and RotSpan. The distribution is fairly normal and captures 

the variation in our sample. 
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Appendix G 

 To confirm that eye movements did not significantly contribute to the effects found 

on our interested lateralised components, we ran two paired t-tests per each distractor 

condition on electrode 32 (E32). E32 is located on the outer canthus of the left eye, which 

records eye movements. E32 solely was sufficient for this calculation because it accounts for 

the electric activity derived from both hemispheres due to our contralateral control method. 

We first examined the lateralised components from the grand average ERP. In looking at the 

N2pc amplitude (timeframe: 232-248 ms), a paired t-test showed that there was no significant 

difference between the distractor L (M = .99, SE = .45) and filled circle (M = 1.40, SE = .39), 

t(22) = -.97, p > .05. In looking at the Ptc amplitude (timeframe: 300-316 ms), another paired 

t-test showed that there was no significant difference between the distractor L (M = 1.97, SE 

= .47) and filled circle (M = 1.76, SE = .37), t(22) = .54, p > .05. Next, we examined the 

lateralised components that emerged for each distractor condition, which were not evident 

within the grand average ERP. In looking at the Ptc amplitude for the filled circle condition 

(timeframe: 276-292 ms) and the letter L condition (timeframe: 324-340 ms), a paired t-test 

showed that there was no significant difference between the distractor L (M = 1.99, SE = .53) 

and filled circle (M = 1.59, SE = .38), t(22) = .80, p > .05. In looking at the late N2pc 

amplitude (timeframe: 324-340 ms), another paired t-test showed that there was no 

significant difference between the distractor L (M = 1.98, SE = .53) and filled circle (M = 

1.53, SE = .38), t(22) = 1.17, p > .05. Thus, we can conclude that eye movements did not 

significantly contribute to the significant voltage differences found among the lateralised 

components, thereby deeming that the distractor conditions significantly affected neural 

processing in visual attention. 
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Appendix H  

 Using the memory probe task for analyses. Performance of the memory probe task 

taken from the first experiment, was used as another way to compare memory performance 

on target-decoy performance in the second experiment. Memory performance was 

determined through one’s accuracy on the memory probe task. In the first analysis group (n = 

20), participants were split into two groups, in which the low performance group had a 

correction rate (CR) of under 90% (n = 7), and the high performance group had a CR of over 

90% (n = 13). Another analysis was done in order to draw stricter extremes of the high 

performance group. In this second analysis group (n = 14), participants were split into two 

groups, in which the low performance group remained the same, with the CR of under 90% 

(n = 7), while the high performance group had a CR of over 95% (n = 7). Participants who 

had failed the memory probe task, had a 50% CR (n = 5) and/or an average response time of 

less than 1000 ms (all resulting in task failure), were not included in these analyses. 

Memory performance on target-decoy (behavioural analyses). We conducted a 2 x 2 

split-plot ANOVA to investigate the effects of distractor identity and WMC on task accuracy 

in the first analysis group. There was a significant main effect of distractor identity on task 

accuracy, such that participants were significantly more accurate when the distractor was a 

filled circle (M = 96.56, SE = .45) than when the distractor was the letter L (M = 95.77, SE = 

.50), F(1, 18) = 11.83, p = .003. There was no significant effect of WMC on task accuracy, p 

> .05. There was no significant interaction between distractor identity and WMC on task 

accuracy, p > .05.  

We conducted a similar 2 x 2 split-plot ANOVA to investigate the effects of distractor 

identity and WMC on task response time in the first analysis group. There was a significant 

main effect of distractor identity on task response time, such that participants were 

significantly faster when the distractor was a filled circle (M = 466.47, SE = 22.18) than 
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when the distractor was the letter L (M = 531.53, SE = 23.64), F(1, 18) = 226.08, p < .001. 

There was a significant main effect of WMC on task response time, such that the high 

performance group (M = 459.33, SE = 16.75) was significantly faster than low performance 

group (M = 571.87, SE = 24.61), F(1, 18) = 7.44, p = .014. There was no significant 

interaction between distractor identity and WMC on task response time, p > .05. Figure 2 

displays below the behavioural effects of distractor identity, and Figure 3 shows the 

behavioural effects of WMC on the LAI task in the first analysis group.  

 

 

 

 

 

 

 

 

 

Figure 2. Behavioural differences in the first analysis group between the distractor 

conditions on the LAI target-decoy. Participants performed significantly better (both higher 

accuracy and faster response time) when the distractor was a filled circle than when the 

distractor was a letter L. Error bars depict SEM. Significance values of * is p < .05 and ** is 

p < .001. 
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Figure 3. Behavioural differences in the first analysis group between the WMC 

groups on the LAI target-decoy task. HWMC participants were significantly faster and 

tended to be more accurate on the task than LWMC participants. Error bars depict SEM. 

Significance values of * is p < .05.  

We conducted a 2 x 2 split-plot ANOVA to investigate the effects of distractor 

identity and WMC on task accuracy in the second analysis group. There was a significant 

main effect of distractor identity on task accuracy, such that participants were significantly 

more accurate when the distractor was a filled circle (M = 97.22, SE = .46) than when the 

distractor was the letter L (M = 96.44, SE = .58), F(1, 12) = 8.00, p = .015. There was a 

significant effect of WMC on task accuracy, in that the high performance group (M = 98.21, 

SE = .28) was significantly more accurate than the low performance group (M = 95.89, SE = 

.51), F(1, 12) = 8.34, p = .014. There was an interaction, which approached significance, 

between distractor identity and WMC on task accuracy, p = .061  

We conducted a 2 x 2 split-plot ANOVA to investigate the effects of distractor 

identity and WMC on task response time in the second analysis group. There was a 

significant main effect of distractor identity on task response time, such that participants were 

significantly faster when the distractor was a filled circle (M = 476.02, SE = 28.13) than 

when the distractor was the letter L (M = 541.67, SE = 29.42), F(1, 12) = 160.24, p < .001. 
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There was a significant effect of WMC on task response time, such the high performance 

group (M = 445.27, SE = 15.50) was significantly faster than the low performance group (M 

= 571.87, SE = 29.42), F(1, 12) = 7.27, p = .019. There was no significant interaction 

between distractor identity and WMC on task response time, p > .05. Figure 4 displays below 

the behavioural effects of distractor identity, Figure 5 shows the behavioural effects of WMC 

on the LAI task in the first analysis group on the LAI task in the second analysis group.  

 

 

 

 

 

 

 

 

Figure 4. Behavioural differences in the second analysis group between the distractor 

conditions on the LAI target-decoy task in Experiment 2. Participants performed significantly 

better (both higher accuracy and faster response time) when the distractor was a filled circle 

than when the distractor was a letter L. Error bars depict SEM. Significance values of * is p < 

.05 and ** is p < .001.  
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Figure 5. Behavioural differences in the second analysis group between the WMC 

groups on the LAI target-decoy task. HWMC participants were significantly more accurate 

and faster on the task than LWMC participants. Error bars depict SEM. Significance values 

of * is p < .05.  

Memory performance on centre task (behavioural analyses). We conducted a 2 x 2 

split-plot ANOVA to investigate the effects of distractor identity and WMC on task accuracy 

in the first analysis group. There was no significant effect of distractor identity on task 

accuracy, p > .05. There was a significant main effect of WMC on task accuracy, such that 

the high performance group (M = 96.13, SE = .59) was significantly more accurate than the 

low performance group (M = 90.13, SE = 2.14), F(1, 18) = 4.64, p = .045. There was no 

significant interaction between distractor identity and WMC on task accuracy, p > .05.  

We conducted a 2 x 2 split-plot ANOVA to investigate the effects of distractor 

identity and WMC on task response time in the first analysis group. There was no significant 

main effect of distractor identity on task response time, p > .05. There was a significant main 

effect of WMC on task response time, such that the high performance group (M = 584.39, SE 

= 26.71) was significantly faster than the low performance group (M = 782.26, SE = 50.96), 

F(1, 18) = 6.63, p = .019. There was no significant interaction between distractor identity and 
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WMC on task response time, p > .05. Behavioural effects of WMC on the centre task in the 

first analysis group is shown in Figure 6 below.  

 

 

 

 

 

 

 

 

 

Figure 6. WMC effects on centre task performance in the first analysis group. 

HWMC participants were significantly more accurate and faster on the task than LWMC 

participants. Error bars depict SEM. Significance values of * is p < .05.  

We conducted a 2 x 2 split-plot ANOVA to investigate the effects of distractor 

identity and WMC on task accuracy in the second analysis group. There was no significant 

effect of distractor identity on task accuracy, p > .05. There was a main effect of WMC on 

task accuracy which approached significance, showing that the high performance group (M = 

97.72, SE = .40) was more accurate than the low performance group (M = 90.13, SE = 2.14), 

F(1, 12) = 4.24, p = .062. There was no significant interaction between distractor identity and 

WMC on task accuracy, p > .05. 

We conducted a 2 x 2 split-plot ANOVA to investigate the effects of distractor 

identity and WMC on task response time in the second analysis group. There was no 

significant main effect of distractor identity on task response time, p < .05. There was a 

significant effect of WMC on task response time, such that the high performance group (M = 

565.61, SE = 25.61) was significantly faster than the low performance group (M = 782.26, SE 

= 50.96), F(1, 12) = 5.05, p = .044. There was no significant interaction between distractor 
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identity and WMC on task response time, p > .05. Behavioural effects of WMC on the centre 

task in the second analysis group is shown in Figure 7 below.  

 

 

 

 

 

 

 

 

 

Figure 7. Behavioural differences in the second analysis group between the WMC 

groups on the centre task. HWMC participants were significantly faster and tended to be 

more accurate on the task than LWMC participants. Error bars depict SEM. Significance 

values of * is p < .05.  

 Memory performance on target-decoy (EEG analyses). Like with the behavioural 

results in this experiment, the memory probe task from Experiment 1 was used to predict 

ERP analyses. Since many more participants were excluded from the EEG analysis due to 

frequent eye movements, only one group analysis was done. For the target-decoy task 

analysis, there were seven participants in the low performance group and 12 participants in 

the high performance group. For the centre task analysis, there were seven participants in the 

low performance group and 10 participants in the high performance group. The same ERPs, 

with the same time windows, were analysed in both of the tasks.  

We conducted a 2 x 2 split-plot ANOVA to investigate the effects of distractor 

identity and WMC on N2pc amplitude. There was a significant main effect of distractor 

identity on N2pc amplitude, such that the N2pc amplitude was stronger when the distractor 
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was a letter L (M = -1.19, SE = .23) than when the distractor was a filled circle (M = -.08, SE 

= .20), F(1, 17) = 11.21, p = .004. There was no significant effect of WMC on N2pc 

amplitude, p > .05. There was no significant interaction between distractor identity and WMC 

on the N2pc amplitude, p > .05. Distractor identity effects on the N2pc amplitude can be seen 

in Figure 8 below.  

 

 

 

 

 

 

 

 

 

Figure 8. Distractor identity effects on the N2pc amplitude. When the distractor was 

the letter L, then the N2pc amplitude was significantly stronger (more negative) than when 

the distractor was a filled circle. Error bars depict SEM. Significance values of * is p < .05. 

We conducted a 2 x 2 split-plot ANOVA to investigate the effects of distractor 

identity and WMC on the Ptc amplitude. There were no significant main effects of distractor 

identity or WMC on the Ptc amplitude, both p > .05. There was no interaction between 

distractor identity and WMC on the Ptc amplitude, p > .05. We conducted a 2 x 2 split-plot 

ANOVA to investigate the effects of distractor identity and individual WMC on the 

recalculated Ptc amplitude. There were no significant main effects of distractor identity or 

WMC on the recalculated Ptc amplitude, both p > .05. There was no interaction between 

distractor identity and WMC on the recalculated Ptc amplitude, p > .05. We conducted a 2 x 

2 split-plot ANOVA to investigate the effects of distractor identity and WMC on the late 

N2pc amplitude. There were no significant main effects of distractor identity or WMC on the 
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late N2pc amplitude, both p > .05. There was no interaction between distractor identity and 

WMC on the late N2pc amplitude, p > .05. 

Memory performance on centre task (EEG analyses). We conducted a 2 x 2 split-plot 

ANOVA to investigate the effects of distractor identity and WMC on the N2pc amplitude. 

There were no significant main effects of distractor identity and WMC on the N2pc 

amplitude, both p > .05. There was no significant interaction between distractor identity and 

WMC on the N2pc amplitude, p > .05. We conducted a 2 x 2 split-plot ANOVA to 

investigate the effects of distractor identity and WMC on the late N2pc amplitude. There 

were no significant main effects of distractor identity and WMC on the late N2pc amplitude, 

both p > .05. There was no significant interaction between distractor identity and WMC on 

the late N2pc amplitude, p > .05.  

We conducted a 2 x 2 split-plot ANOVA to investigate the effects of distractor 

identity and WMC on the Ptc amplitude. There were no significant main effects of distractor 

identity and WMC on the Ptc amplitude, both p > .05. There was no significant interaction 

between distractor identity and WMC on the Ptc amplitude, p > .05. We conducted a 2 x 2 

split-plot ANOVA to investigate the effects of distractor identity and WMC on the 

recalculated Ptc amplitude. There were no significant main effects of distractor identity and 

WMC on the recalculated Ptc amplitude, both p > .05. There was no significant interaction 

between distractor identity and WMC on the recalculated Ptc amplitude, p > .05.  

 

 

 

 

 

 




