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ABSTRACT 

 

THE AFFECTIVE CONSEQUENCES OF INHIBITION IN WORKING MEMORY 

 

David De Vito  Advisor: Dr. Mark Fenske 

University of Guelph, 2018  Co-Advisor: Dr. Naseem Al-Aidroos 

 

Stimuli that are ignored or to which a response is withheld are affectively devalued. This 

devaluation effect is now thought to be a consequence of inhibitory processing. While thus far 

research regarding this devaluation-by-inhibition effect has, for the most part, been restricted to 

situations involving stimuli in our external environment, many of our thoughts and actions 

involve stimuli that are instead held solely internally, within memory. My research presented in 

this dissertation extends the work of my Masters-thesis to investigate if the scope of the 

devaluation-by-inhibition effect extends to the domain of working memory. In Chapter 1 I used a 

cognitive-behavioural working-memory task along with EEG to test the devaluation-by-

inhibition hypothesis against the evaluative-coding hypothesis of devaluation. My results provide 

further support for the devaluation-by-inhibition hypothesis while none of the results are 

consistent with the predictions of the evaluative-coding hypothesis. In Chapter 2 I used EEG to 

demonstrate that the devaluation of representations in working memory is governed by similar 

neural mechanisms as the devaluation of environmental stimuli. Finally, in Chapter 3 I used 

devaluation as an indicator of inhibitory processing to show inhibition’s role in prioritizing 

representations in working memory into separate states. Overall, my results demonstrate the 

broad scope of the devaluation-by-inhibition effect, and show that it extends to a wide range of 

thoughts and actions. 
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Introduction 

Throughout our daily lives we are required to complete various types of behaviour and 

tasks. Because the human brain has a limited capacity for processing items in the environment 

(see Marois & Ivanoff, 2005 for review) we must prioritize the processing of the stimuli we 

encounter to favour those most relevant for accomplishing these behaviours and tasks. Inhibition 

has a critical role in this prioritization as it is used to reduce the capacity of task-irrelevant items 

to interfere with the completion of current goal-directed behaviour (Houghton & Tipper, 1994; 

see Munakata et al., 2011 for review). While inhibitory processes have long been known to have 

a variety of behavioural consequences (see Bari & Robbins, 2013; Munakata et al., 2011 for 

reviews), demonstrations of reciprocal links between the brain systems responsible for 

attentional and emotional processing (Vuilleumier, Armony, & Dolan, 2003) has led to the 

discovery that inhibition also has affective consequences (see Fenske & Raymond, 2006; 

Raymond, 2009 for reviews). That is, stimuli subjected to inhibition when being ignored are 

subsequently evaluated more negatively than prior targets of attention or previously unseen novel 

stimuli. The affective devaluation of inhibited items, first discovered using standard visual search 

paradigms (Fenske, Raymond, & Kunar, 2004; Raymond, Fenske, & Tavassoli, 2003; Raymond, 

Fenske, & Westoby, 2005), has been replicated and extended across a large range of different 

tasks and various types of stimuli, and has even been found to extend to items that have been 

subjected to response inhibition (Fenske & Raymond, 2006; Gollwitzer, Martiny-Huenger, & 

Oettingen, 2014; Kiss, Raymond, Westoby, Nobre, & Eimer, 2008; Raymond, 2009). These 

collective findings suggest that this effect may have an influence on the prioritization of stimuli 

across a wide range of behaviours. 

While the devaluation of inhibited stimuli has been replicated in many tasks that involve 

prioritizing environmental stimuli, a large portion of our daily behaviours and tasks involve 

items solely held in memory, in the absence of sensory stimulation, such as recalling the details 

of your favourite recipe (Giguere & Love, 2013; Hastie & Park, 1986; Khader, Pachur, & Jost, 

2013). The evidence that similar processes govern the prioritization of external stimuli and 

representations in memory (Chun, Golomb, & Turk-Browne, 2011), and that inhibition has 

similar behavioural consequences within both domains (Bao, Li, Chen, & Zhang, 2006; Johnson 

et al., 2013), has made apparent the possibility that devaluation may also occur for inhibited 

representations in memory. Indeed, our research has found that representations thought to be 
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subjected to inhibition in working and long-term memory also undergo affective devaluation, 

extending the scope of the devaluation-by-inhibition effect to a far wider range of behaviours and 

tasks than previously thought (De Vito & Fenske, 2017; De Vito, Ferrey, Fenske, & Al-Aidroos, 

2018). 

Research in our lab, including my Master’s-thesis research (De Vito, 2014) represents a 

significant step in demonstrating that inhibition-related stimulus devaluation occurs not just for 

items in the external environment but also for those solely represented in memory (De Vito & 

Fenske, 2017; De Vito et al., 2018; see also Vivas, Marful, Panagiotidou, & Bajo, 2016). My 

Doctoral research extends this investigation regarding the link between memory-related 

processes and devaluation. In Chapter 1 I focus on processes at the interface of visual attention 

and working memory by using a memory-based cognitive-behavioural task (i.e., a delayed 

match-to-sample task) and electroencephalography/event-related potentials (EEG/ERP) to test 

competing hypotheses about how ignored stimuli become affectively devalued (i.e., devaluation-

by-inhibition vs. evaluative-coding). My results show that visual distractors that match the active 

contents of working memory are affectively devalued and that the magnitude of this effect can be 

predicted by the magnitude of a prior electro-cortical marker of distractor inhibition (i.e., the Pd 

component; e.g., Hickey, Di Lollo, & McDonald, 2009), providing support for the devaluation-

by-inhibition hypothesis. In Chapter 2 I use EEG/ERP to investigate the properties of 

devaluation in working memory, including its underlying neural processes and whether it is 

influenced by individual differences in attention- and memory-based processing, as reflected by 

electro-cortical markers of attentional selection (i.e., the N2pc component) and working-memory 

processes (i.e., the CDA component). Finally, in Chapter 3 I make use of cognitive-behavioural 

measures of affective devaluation as an established index of the involvement of inhibitory 

processes to test the hypothesis that inhibition is involved in the separation of working memory 

representations into different states (Olivers, Peters, Houtkamp, & Roelfsema, 2011; Peters, 

Roelfsema, & Goebel, 2012). Overall, my dissertation research underscores the importance of 

considering memory-related processes for understanding how attention and emotion operate 

together to determine an effect that has been found across a wide range of thoughts and actions 

involving various stimulus domains. My findings provide support for the devaluation-by-

inhibition hypothesis, show that similar neural mechanisms are responsible for devaluation in 

working memory as the devaluation of environmental stimuli, and finally demonstrate the 
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usefulness of affective ratings in testing hypotheses regarding how stimuli are represented in 

working memory.  

 

Inhibition is used to Resolve Interference 

The human brain includes many neurons specifically tuned to respond to different aspects 

of the stimuli that we encounter (Hubel & Wiesel, 1959; Zeki, 1973). For example, certain 

neurons in visual cortices specifically respond to the presence of particular features of stimuli, 

such as colour or shape. Due to the brain’s limited capacity for processing stimuli, it is not 

possible for the brain to fully process all of the different stimuli in the environment (see Marois 

& Ivanoff, 2005 for review). Consequently, the various signals created by neurons responding to 

different aspects of stimuli must compete for limited processing resources to become the focus of 

attention and guide behaviour. When completing goal-directed tasks, the dorsal attention 

network (Vossel, Geng, & Fink, 2014) —a fronto-parietal network thought to include the 

dorsolateral prefrontal cortex (DLPFC) and the dorsal anterior cingulate cortex (dACC; see 

Botvinick, Cohen, & Carter, 2004 for review; Botvinick, Nystrom, Fissell, Carter, & Cohen, 

1999)—is recruited to help resolve this competition by amplifying task-relevant signals and 

inhibiting task-irrelevant signals (see Munakata et al., 2011 for review). The inhibition of 

signals, through the stopping of a specific mental process (i.e. attentional inhibition) or the 

stopping of motor behaviour (i.e. response inhibition), thereby plays a clear and crucial role in 

facilitating the completion of goal-directed behaviours (see Bari & Robbins, 2013; Munakata et 

al., 2011 for reviews).  

 Through a network that includes the orbitofrontal cortex (OFC) and the amygdala (see 

Pessoa, 2008 for review), emotion also plays a critical role in the processing of stimuli by aiding 

in the determination of which stimuli should be approached because they are positive and 

helpful, and which should be avoided because they are negative and problematic (Konorski, 

1967; D. Watson, Wiese, Vaidya, & Tellegen, 1999). The areas of the brain that have been found 

to be responsible for emotional and attentional processes are reciprocally linked, suggesting that 

these processes may be intricately related (Vuilleumier et al., 2003; Vuilleumier & Huang, 

2009). Indeed, researchers have shown that not only can emotions influence attentional processes 

(Compton et al., 2003; Vuilleumier, 2005), such as the finding that emotional stimuli can guide 

the focus of attention (Eastwood, Smilek, & Merikle, 2001), but attentional processes can also 
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influence emotion, as using inhibition to ignore stimuli has affective consequences (see Fenske 

& Raymond, 2006; Raymond, 2009 for reviews). The innovative finding that attentional and 

emotional processes are reciprocally linked is crucial in enabling researchers to answer critical 

questions regarding how humans process stimuli in the environment towards the completion of 

goal-directed behaviours. 

 

Stimulus Devaluation Following Attentional Inhibition 

 Raymond et al. (2003) were the first to investigate the affective consequences that result 

from ignoring task-irrelevant distracting items. On each trial of their task, participants were first 

asked to locate a target item in the presence of a single distractor. Each two-item localization 

trial was followed by an affective evaluation task where participants evaluated the previously 

seen target from the visual localization task, the previously seen distractor, or a previously 

unseen (i.e., novel) item. The results showed that participants rated ignored distracting items 

more negatively than targets and previously unseen novel items. This finding was quite 

surprising given extensive evidence of mere exposure effects, whereby repeated exposure to a 

stimulus increases its associated affective rating (e.g., Zajonc, 2001). In contrast, Raymond et 

al.’s results suggest that the link between attention-related processing and affect goes beyond the 

positive affect arising from repeated exposure. When a stimulus is encountered in a situation 

where it is task-irrelevant and thereby must be ignored, the stimulus’ associated affective rating 

becomes more negative.  

The surprising initial finding by Raymond et al. (2003) prompted researchers to begin 

investigating the properties and mechanisms that govern the devaluation of distracting items. 

Fenske et al. (2004) examined the link between inhibition, a mechanism critical in the ignoring 

of task-irrelevant items (e.g., D. G. Watson & Humphreys, 1997), and devaluation by pairing a 

task thought to involve inhibitory processes (i.e., a preview search task) with an affective 

evaluation task. The preview benefit, that participants are faster when some distractors in a visual 

search are presented earlier than others (i.e., previewed), is thought to be governed by inhibition 

being applied to previewed distractors and reducing their ability to interfere with searching for a 

target (D. G. Watson & Humphreys, 1997, 2000). Fenske et al. found that participants who 

showed a preview benefit, presumably from successfully inhibiting the previewed distractors, 

were not only faster to respond on preview-search trials but also affectively devalued the 
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previewed (inhibited) distractors on these trials compared to no-preview trials. These results 

suggested that there might be a link between devaluation and inhibitory processes, and provided 

converging support for the possibility that attentional processes can have affective consequences. 

Subsequent research examined the possibility that inhibition is indeed the cause of distractor 

devaluation by exploring if the devaluation of ignored task-irrelevant items adheres to known 

operating characteristics of inhibition, starting with the possibility that affective devaluation, like 

inhibition, increases with the potential for interference. It has been suggested that inhibition is 

reactive, such that distractors with a greater capacity to interfere with target selection are 

subjected to greater levels of inhibition (Houghton & Tipper, 1994; MacLeod, 2007; Tipper, 

2001). Separate studies conducted by Raymond et al. (2005) as well as Martiny-Huenger et al. 

(2014) examined reactive inhibition in the context of the distractor devaluation effect. In line 

with the notion of reactive inhibition and its implication that distractors closer to a target require 

greater inhibition than those farther away because of their greater potential to cause interference, 

each study found that distractors located close to a target were affectively devalued more than 

those appearing further away. The collective results of Raymond et al. (2005) and Martiny-

Huenger et al. thereby suggest that when more inhibition is needed to prevent interference from 

distracting items, this greater inhibition results in greater affective devaluation for the 

corresponding distractors (see also Frischen et al, 2012 for converging evidence from the domain 

of response inhibition that stimulus devaluation increases with interference potential). These 

findings, paired with those of Fenske et al., provide evidence of a link between inhibitory 

processes and affective consequences, remarkably supporting the hypothesis that the link 

between emotional and attentional processes, long thought to be unidirectional, is indeed 

reciprocal.  

While a growing body of evidence supports the hypothesis that inhibition leads to 

affective devaluation, an alternative hypothesis proposed by Dittrich and Klauer (2012) 

suggested that the devaluation of task-irrelevant items occurs instead as an artefact of task 

instructions and the evaluative codes they convey. They proposed that instructing participants to 

attend to certain stimuli associates these stimuli with a positive approach code while instructing 

them to ignore certain stimuli associates the corresponding stimuli with a negative avoid code 

(e.g., Chen & Bargh, 1999). They thereby suggested that the devaluation effect, thought to be a 

consequence of inhibition, is instead a result of the negative avoid code that is associated with 
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distractors by task instructions. The research that I present in Chapter 1 addresses this debate by 

providing a test of the evaluative coding hypothesis towards determining inhibition’s role in 

distractor devaluation. 

The finding by Raymond et al. (2003) that ignored stimuli are affectively devalued was 

originally quite surprising given the wide range of research showing that repeated stimulus 

exposure leads to an increase in associated affective rating (e.g., Zajonc, 2001). Raymond et al. 

showed that the attentional context in which a stimulus is encountered is important, as task-

irrelevant distracting items undergo affective devaluation. This original result has now been the 

subject of numerous replications and extensions, shedding light on how attentional and 

emotional processes interact to aid in the prioritization of stimuli in the environment. An effect 

that was initially quite unexpected given the range of research findings showing the link between 

repeated exposure and positive affect, the devaluation of ignored distractors has since been 

replicated across various types of search tasks (see Fenske & Raymond, 2006; Raymond, 2009 

for reviews), and has been found to be reliable when using many different types of evaluation 

scales or stimuli including abstract shapes (e.g., Raymond et al., 2003), alphabetic letters and 

Chinese characters (e.g., Martiny-Huenger et al., 2014; Veling et al., 2007), faces (Fenske, 

Raymond, Kessler, Westoby, & Tipper, 2005; Raymond et al., 2005), and whole bodies (Ferrey, 

Frischen, & Fenske, 2012). The devaluation effect has also been found to extend to tasks 

involving response-based inhibition (Frischen, Ferrey, Burt, Pistchik, & Fenske, 2012; Kiss et 

al., 2008; Wessel & O’Doherty, 2014).  

 

Stimulus Devaluation Following Response Inhibition 

 While thus far my discussion of inhibitory processes has centered on attentional (i.e., 

cognitive) inhibition, inhibitory processes are not only used to ignore distracting task-irrelevant 

items. Inhibition is also used to withhold from making a prepotent response to a stimulus in 

situations where the response is inappropriate, referred to as response inhibition (see Logan, 

1994 for review). There are two tasks commonly used to test response inhibition: the Go/No-go 

task and the Stop-signal task. During a Go/No-go task, participants are instructed to respond to 

one category of stimuli (e.g., blue shapes) and to withhold from responding to another category 

(e.g., yellow shapes; Donders, 1969; Konishi, Nakajima, Uchida, Sekihara, & Miyashita, 1998). 

The act of withholding from making a prepotent response to a stimulus on No-go trials has been 
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found to recruit areas of the brain thought to be responsible for applying inhibitory control (e.g., 

Liddle, Kiehl, & Smith, 2001). Kiss et al. (2008) paired a Go/No-go task with a later affective 

evaluation task to investigate if using response inhibition to withhold from making a prepotent 

response results in similar affective consequences as using attentional inhibition to ignore a 

distracting stimulus. They found that No-go items, thought to have been subjected to response 

inhibition, were affectively devalued compared to Go items, extending previous findings 

showing that attentional inhibition causes devaluation to the realm of response inhibition, and 

suggesting that devaluation may be an intrinsic property of inhibition, resulting from various 

types of inhibitory processes. A later investigation conducted by Frischen et al. (2012) 

demonstrated that the change in affect for No-go stimuli following a Go/No-go task was indeed 

devaluation rather than an affective neutralization effect. Frischen et al. found that regardless of 

whether stimuli were rated positively or negatively during an initial pilot study, both types of 

stimuli underwent devaluation when they were subjected to response inhibition as No-go items. 

Collectively the results of Kiss et al. and Frischen et al. show that No-go items that are subjected 

to response inhibition are affectively devalued, suggesting that various types of inhibitory 

processes have affective consequences. 

These findings of devaluation following response inhibition also extend to another task 

known to involve withholding a prepotent response, the Stop-signal task. Standard Stop-signal 

tasks involve participants completing a dual response task where they categorize stimuli that are 

presented one at a time; however, on some trials participants are alerted by a sound to withhold 

from making a response (i.e., stop; see Verbruggen & Logan, 2008 for review). Wessel and 

O’Doherty (2014) paired a Stop-signal task with an auction-based evaluation task. They found 

that following the Stop-signal task, stimuli that had been associated with stopping were devalued 

compared to stimuli to which a response was made, extending the finding of devaluation of No-

go stimuli following Go/No-go tasks (e.g., Kiss et al., 2008). These collective results across 

different tasks requiring response inhibition converge to provide evidence that response-based 

inhibition results in similar affective consequences as those that result from attentional 

inhibition. These findings continued to extend the hypothesis that devaluation is an intrinsic 

property of inhibition, resulting from the reciprocal links between the neural centers responsible 

for attentional and emotional processing. This suggests that affective consequences result from 
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different types of inhibitory processes, further implying that this devaluation-by-inhibition effect 

influences a wide range of behaviours. 

 

Neural Evidence for the Link Between Inhibition and Affective Devaluation 

While the many findings discussed thus far used cognitive-behavioural methods to show 

that items thought to have been subjected to inhibition undergo devaluation, neuroimaging 

methods provide an avenue to more directly investigate the link between inhibition and affective 

consequences. The neural mechanisms that underlie affective devaluation following inhibition 

have been examined in a series of experiments that used EEG/ERP and fMRI methods. In two 

separate studies Kiss et al. (2007, 2008) used EEG/ERP to probe the cause of devaluation in 

selective attention and response-based tasks. In their first experiment (Kiss et al., 2007), they 

paired a selective attention task and an affective evaluation task, similar to the methods used 

originally to show the devaluation of distractors (e.g., Raymond et al., 2003), with a concurrent 

EEG. They were particularly interested in the N2pc component, a lateralized ERP component 

that is thought to reflect selective attention processes (Luck & Hillyard, 1994; Woodman & 

Luck, 1999). An earlier N2pc component is thought to reflect more focused attention and thereby 

implies a stronger inhibition of distracting items. Kiss et al.’s (2007) results not only showed 

behavioural devaluation following the selective attention task but also showed a relationship 

between the latency of the N2pc component and behavioural devaluation. On selective attention 

trials where the N2pc component appeared earlier, reflecting a stronger focusing of attention and 

thereby implying stronger inhibition of distractors, the corresponding distractors were rated more 

negatively during the evaluation task. While this result used neuroimaging to show a link 

between selective attention processes and devaluation, a later study by Kiss et al. (2008) found a 

similar effect in a task involving response inhibition. This time they paired a Go/No-go task with 

an affective evaluation task while participants underwent concurrent EEG. The No-go N2, an 

ERP component that signals the use of response inhibition processes was of particular interest 

(Nieuwenhuis, Yeung, & Cohen, 2004). Kiss et al. (2008) found a relationship between the No-

go N2 and subsequent devaluation. That is, the No-go N2 had a larger amplitude on those No-go 

trials containing stimuli that later received the most negative ratings than on those trials whose 

items later received more positive ratings. The findings of both of these investigations were 
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crucial in that they provided very clear evidence of links between affective devaluation and 

established electrophysiological markers of both attentional and response inhibition.  

A further investigation conducted by Doallo et al. (2012) paired a Go/No-go task with an 

affective evaluation task and concurrent fMRI scan. They found that changes in activity in areas 

thought to be associated with response inhibition (e.g., lateral prefrontal cortex) during the 

Go/No-go task coupled with activity in areas involved in emotion-related processing (i.e., OFC 

and amygdala), and that the activation of these areas during periods in which a response was 

withheld (i.e., No-go trials) was linked to the ratings of the associated stimuli during a 

subsequent affective evaluation task. Specifically, greater activation of these particular areas 

during No-go trials was associated with increasingly negative ratings of the corresponding items 

later on. This particular finding shows a clear link between inhibition-related activity and 

affective devaluation. The results of Doallo et al. (2012) paired with those of Kiss et al. (2007; 

2008) not only build on the numerous cognitive-behavioural findings suggesting that attentional 

and response inhibition lead to affective devaluation, but also provide neural evidence of the link 

between inhibitory processes and stimulus devaluation through reciprocal links in the neural 

networks that govern attention/response-selection and emotional processes. While the finding of 

devaluation-by-inhibition began as a simple finding of a dislike for ignored items following a 

selective attention task, the effect has since been extended to the finding of a dislike for stimuli 

to which a response has been withheld, and has now led to the finding that neural processes 

related to applying inhibition show a clear relationship with devaluation. Collectively, this line of 

research suggests that devaluation may be an intrinsic property of inhibition. However, while the 

studies discussed thus far have exclusively investigated this effect using external sensory stimuli 

that are present in the environment, if devaluation is indeed an intrinsic property of inhibition, 

the effect should apply to stimuli in other domains as well, such as internal representations held 

in memory.  

 

Internal vs. External Attention 

The wide range of findings consistent with the hypothesis that inhibition causes 

devaluation has focused almost exclusively on stimuli that are present in the environment and 

therefore elicit sensory stimulation. However, many goal-directed behaviours are centered on 

stimuli that are not readily present in the environment, such as representations of stimuli held 
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solely in working or long-term memory (Giguere & Love, 2013; Hastie & Park, 1986; Khader et 

al., 2013). The similar attentional processes that are used to prioritize environmental stimuli and 

representations in memory were outlined in a taxonomy of attention proposed by Chun et al. 

(2011; see also Anderson & Spellman, 1995). They distinguish between two types of attention: 

external attention and internal attention. External attention refers to those processes involved in 

selecting which stimuli are represented internally, and modulating how they are represented, 

while internal attention refers to the selection and modulation of representations generated 

internally, such as those within memory. While inhibition has been found to play a crucial role in 

prioritizing external stimuli (see Bari & Robbins, 2013; Munakata et al., 2011 for reviews), 

inhibition can also be used to prevent interference from distracting representations held solely in 

memory (Anderson et al., 2004; Anderson & Spellman, 1995; Chun et al., 2011; Jonides, Smith, 

Marshuetz, Koeppe, & Reuter-Lorenz, 1998). Critically, the use of inhibition is not restricted to 

one type of memory representation as it seems to be present in tasks involving both working 

memory (Jonides et al., 1998) and long-term memory (Anderson et al., 2004) based tasks. The 

similar use of inhibition for both external and internal attention also seems to be governed by 

similar neural mechanisms (Anderson & Hanslmayr, 2014). If devaluation is indeed an intrinsic 

property of inhibition, then inhibited representations in memory should be devalued similarly to 

the devaluation that results for inhibited external sensory stimuli. Thus far the devaluation of 

inhibited memory representations has only sparsely been investigated (De Vito & Fenske, 2017; 

Janczyk & Wühr, 2012; Vivas et al., 2016).  

The processes involved in prioritizing stimuli using external and internal attention seem 

to be reciprocally linked (Chun et al., 2011; Kiyonaga & Egner, 2014b). This reciprocal link has 

been underscored by the similar behavioural consequences from processing external stimuli or 

internal memory representations (Johnson et al., 2013; Kiyonaga & Egner, 2014a). For example, 

Kiyonaga and Egner (2014a) created a working memory version of the standard Stroop task 

(Stroop, 1935). They found that maintaining a colour in memory using internal attention 

produced a similar Stroop effect during colour naming as using external attention to read a 

coloured word. The similar behavioural consequences resulting from the use of external and 

internal attention also seem to extend specifically to inhibitory processes. Bao et al. (2006) 

presented participants with one stimulus at a time that belonged to one of three categories. 

Participants were asked to maintain three separate counts of the categories and update the 
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corresponding count when each new stimulus was presented. When switching to a new category 

count, it is thought that backward inhibition is used to prevent interference from the previously 

attended category count. Bao et al.’s task included two types of trials. Inhibition trials referred to 

trials where the currently presented category matched that from two trials before (e.g., ABA, 

CBC), while control trials did not match any category from the previous two trials (e.g. ABC, 

BCA). Their results showed longer response times on inhibition trials, where participants were 

asked to switch back to the count that had been recently inhibited. These results therefore 

provided evidence that inhibition can be used to prioritize representations in working memory. 

Johnson et al. (2013) showed how inhibition of return, an inhibition-driven effect that is evident 

in external attention tasks, also occurs through internal attention. In each trial of their experiment 

participants were first asked to memorize two words. They were then prompted to refresh one of 

the memorized words in memory before being presented with one of the two memorized words 

and being asked to read it aloud. Participants were slower to read recently refreshed words 

compared to those that had not been recently refreshed in memory. This suggests that the 

refreshed word was less accessible because it had recently been attended in memory. These 

results very closely resemble the inhibition of return effect that takes place in external attention 

tasks whereby participants are slower to focus their attention to recently attended locations (see 

Klein, 2000 for review). The similarity between the findings of Johnson et al. and the well-

established inhibition of return effect make evident that there are similar behavioural 

consequences of applying inhibition to external sensory stimuli or to representations of stimuli 

held solely in memory.  

The finding of similar behavioural consequences of inhibition through external and 

internal attention raises the question whether other known consequences of inhibiting external 

stimuli, namely affective consequences (Fenske & Raymond, 2006; Raymond, 2009), also 

extend to representations held solely in memory.  

 

The Devaluation of Inhibited Representations in Memory 

Researchers have begun to investigate the relationship between memory-related 

processes and affective devaluation. Janczyk and Wuhr (2012) paired a retrieval-induced 

forgetting paradigm with an affective evaluation task. Stimuli in their task that were thought to 

have been subjected to inhibition did not undergo devaluation. They interpreted this finding as 
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evidence that inhibition does not have affective consequences when applied to representations in 

memory. However, while they failed to find evidence of devaluation for representations in 

memory, research has not been conclusive regarding whether the retrieval-induced forgetting 

paradigm indeed makes use of inhibitory processes (see Storm & Levy, 2012 for review). With a 

multitude of studies now reporting a clear relationship between inhibitory processes and 

devaluation (see Fenske & Raymond, 2006; Gollwitzer et al., 2014; Raymond, 2009 for 

reviews), the lack of devaluation found by Janczyk and Wuhr may be a result of a lack of 

inhibitory processes driving the retrieval-induced forgetting effect, rather than a lack of 

devaluation for inhibited memory representations. Following the findings of Janczyk and Wuhr, 

Vivas et al. (2016) paired a directed forgetting paradigm with an affective evaluation task to 

attempt to further investigate the devaluation of memory representations. They found that 

applying inhibition to prevent the encoding of stimuli into memory did result in affective 

devaluation for the corresponding stimuli. Their finding was critical in that it added to the 

growing literature showing that inhibited external stimuli are subjected to affective consequences 

(see Fenske & Raymond, 2006; Raymond, 2009 for reviews); however, these collective results 

left unanswered whether devaluation results specifically from applying inhibition directly to 

representations of stimuli already encoded into memory. My Master’s-thesis research examined 

this question by investigating the affective consequences associated with inhibiting 

representations held in long-term memory (De Vito, 2014). 

 

The Devaluation of Inhibited Representations in Long-Term Memory 

A multitude of research studies suggest that inhibition plays a clear role in long-term 

memory processes, and that inhibition in memory shares a common neural mechanism with 

response inhibition (Anderson, 2003; Anderson & Hanslmayr, 2014; Anderson & Spellman, 

1995). We thereby continued the investigation into the devaluation of representations in memory 

by using a task that requires participants to apply inhibition directly to long-term memory 

representations: the Think/No-think task (Anderson et al., 2004; Anderson & Green, 2001). 

Anderson and Green developed the Think/No-think task during which participants first learn 

pairs of words. Later they are presented with a coloured cue word from each pair and, depending 

on the colour, they are asked to recall (Think) or suppress (No-think) the representation of the 

associated response word in memory. The results of a final recall task showed that No-think 
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items were recalled significantly less than Think or Baseline items (learned originally but not 

part of the Think/No-think task). Kim and Yi (2013) were able to replicate this effect using 

memories of object-based images. Our research added affective evaluation tasks to the methods 

of Anderson and Green as well as Kim and Yi. We found that inhibited No-think words and 

object-images were not only recalled significantly less than Think or Baseline items, replicating 

past findings using the Think/No-think task, they were also affectively devalued (De Vito & 

Fenske, 2017). Across two experiments our results support previous theories that inhibition 

prevents unwanted memories from being recalled from long-term memory. This innovative 

finding builds on the studies of Janczyk and Wuhr (2012) as well as Vivas et al. (2016) to show 

that when inhibition is applied to prevent the retrieval of representations that have been fully 

encoded into long-term memory, this results in affective consequences. The results also suggest 

that inhibition has similar affective consequences for representations in long-term memory as for 

external sensory stimuli, thereby supporting suggestions that devaluation is indeed an intrinsic 

property of inhibitory processes. The overlap in neural processes between memory inhibition and 

response inhibition (see Anderson & Hanslmayr, 2014 for review) suggests that a reciprocal link 

between attentional and emotional processes guides the prioritization of representations held in 

memory just as it does the prioritization of external sensory stimuli, resulting in the devaluation 

of inhibited long-term memory representations.  

 

The Link Between Working Memory and Devaluation 

Long-term memories are not the only type of memory representation that has been found 

to be subjected to inhibitory processes. Inhibition is also used during various tasks that involve 

prioritization in working memory (Bao et al., 2006; Blair, Vadaka, Schuchat, & Li, 2011; 

Hasher, Lustig, & Zacks, 2007). If devaluation is an intrinsic property of inhibition, then 

working memory representations should undergo affective devaluation when they are subjected 

to inhibition similar to the devaluation that results from applying inhibition to external stimuli or 

long-term memory representations. The hypothesis that inhibited working memory 

representations, which lie at the interface of external and internal attention (see Chun et al., 2011 

for review), may undergo an affective devaluation is intriguing because of recent findings 

suggesting that working memory plays a critical role in the devaluation of external sensory 

stimuli (Goolsby, Shapiro, & Raymond, 2009).  
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 Raymond et al. (2003) proposed that memory plays an integral role in the devaluation of 

ignored stimuli. They theorized that when an item is ignored, its now lower associated value is 

encoded in memory along with a representation of the ignored item. When the stimulus is 

encountered again later, such as during a subsequent affective evaluation task, its lowered 

valuation is re-instantiated and this results in a lower rating being assigned to the stimulus. If 

Raymond et al. were correct regarding the role of memory in the devaluation of ignored stimuli, 

then it can be assumed that memory resources must be available during the task to encode the 

stimulus together with its lower valuation. Goolsby, Shapiro, & Raymond (2009) investigated 

the possible need for available memory resources by testing the effects of loading working 

memory on devaluation. To accomplish this, they loaded participants working memory resources 

with zero, one or two items while participants proceeded through each trial of Raymond et al.’s 

visual-localization-followed-by-affective-evaluation task. The results showed that as working 

memory load increased, the amount of devaluation of distractor stimuli decreased. This finding 

provides support for the hypothesis that there is a functional role for working memory in the 

devaluation of inhibited items, as it seems as though working memory resources must be 

available for devaluation to take place. It remains an open question whether working memory 

can play this functional role of facilitating devaluation, when the target of inhibition is, itself, a 

working memory representation.  

 

The Devaluation of Ignored Representations in Working Memory 

Research in our lab recently began investigating whether the same affective 

consequences occur when ignoring representations held in working memory as those that occur 

when ignoring external sensory stimuli (De Vito et al., 2018). To conduct this investigation, 

participants were asked to complete two different tasks. The Attention Task was a direct 

replication of Raymond et al.’s (2003) original visual localization plus affective evaluation task 

paradigm, where on each trial participants were notified of the target identity prior to the 

presentation of the visual localization. The Working Memory Task resembled the Attention 

Task, but on each trial, participants were not notified of the target identity until after the visual 

localization array had disappeared. Therefore, to be successful in the Working Memory Task, 

participants had to complete the visual localization based on representations of the stimuli they 

had maintained in working memory. The affective evaluation results showed that distracting 
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items were similarly affectively devalued in the Working Memory Task as in the Attention Task, 

suggesting that similar affective consequences result following the prioritization of 

representations in working memory as those that result from prioritizing environmental stimuli. 

This finding was critical in advancing research regarding devaluation in memory and implies that 

the devaluation effect has an influence on a much wider range of behaviours, thoughts and 

actions than originally thought.  

However, prior to making such conclusions regarding devaluation in working memory 

and the reciprocal links between attentional and emotional processes, there are indeed crucial 

questions that must be answered. For instance, do similar neural mechanisms govern devaluation 

in working memory as those that guide the devaluation of external sensory stimuli? Additionally, 

as working memory is located at the interface of external and internal attention, does devaluation 

result from situations where working memory representations interact with external sensory 

stimuli? Finally, similar to how devaluation has been used to answer questions regarding the 

processing of external sensory stimuli, can it be used in a similar way to answer questions 

regarding how stimuli are prioritized in working memory? By investigating these critical 

questions my Doctoral research explores the wide-reaching influence of the devaluation-by-

inhibition effect and aims to further establish its usefulness as a marker of inhibitory processes. 

My research overall establishes that the neural mechanisms that govern the devaluation-by-

inhibition of representations in memory are similar to those that govern the devaluation of 

environmental stimuli, and also shows that this behavioural marker of inhibition (i.e., affective 

devaluation) can be used to answer critical questions regarding cognitive processing across a 

wide range of stimulus domains. 

 

The Present Research 

The research presented here furthers my investigation regarding inhibition and 

devaluation in memory. In Chapter 1, I explore the involvement of inhibition in devaluation by 

testing competing predictions of the devaluation-by-inhibition hypothesis and the alternative 

evaluative coding hypothesis. I paired a delayed match-to-sample paradigm, used previously by 

Sawaki and Luck (2011) to investigate the role of inhibition in protecting the active contents of 

working memory from interference, with a concurrent EEG. The results of my two experiments 

provide evidence that is consistent with the predictions of the devaluation-by-inhibition 
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hypothesis, and not the evaluative-coding hypothesis. In Chapter 2, I pair a working memory 

retro-cue paradigm with EEG to build on previous findings in our lab of devaluation in working 

memory. My findings suggest that the mechanisms governing devaluation in visual working 

memory are similar to those that govern the devaluation of environmental stimuli, and my results 

also suggest that individual differences in attention- and working memory-related processes 

underlie the devaluation-by-inhibition effect. In Chapter 3, I follow previous studies that have 

used affective devaluation as an index of the involvement of inhibitory processes (Kihara, Yagi, 

Takeda, & Kawahara, 2011) in tasks involving visual attention. I pair a working-memory retro-

cue paradigm with an affective evaluation task and find that accessory memory items, that are 

maintained for later use, are affectively devalued, suggesting that they have been subjected to 

inhibition. These results provide evidence that is consistent with the hypothesis that inhibition is 

used during the separation of working memory representations into different states and suggest 

that affective ratings provide an effective way to test hypotheses regarding the maintenance of 

representations in working memory. Together my new results build on the line of research that I 

began during my Master’s-thesis research (De Vito, 2014) to demonstrate the broad scope of the 

devaluation-by-inhibition effect, highlighting its influence across a wide range of thoughts and 

actions.  
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Chapter 1: Neural Evidence that Inhibition is linked to the Affective Devaluation of 

Distractors that Match the Contents of Working Memory 

 

The information presented in this chapter has been published. While minor alterations have been 

made to the published version in the following, the original manuscript can be found here: 

De Vito, D., Al-Aidroos, N., & Fenske, M.J. (2017). Neural evidence that inhibition is linked to  

the affective devaluation of distractors that match the contents of working memory. 

Neuropsychologia, 99, 259-269. https://doi.org/10.1016/j.neuropsychologia.2017.03.022 

 

The finding that stimuli appearing as visual distractors subsequently receive more 

negative affective evaluations than novel items or prior targets of attention (Raymond et al., 

2003) has been found across a wide range of attention tasks requiring stimulus discrimination 

based on features, categories, spatial location, or temporal position (Fenske et al., 2004; Goolsby, 

Shapiro, & Raymond, 2009; Kihara et al., 2011; Martiny-Huenger et al., 2014; Raymond et al., 

2005), and has been found with a variety of stimuli including simple abstract patterns and shapes 

(Raymond et al., 2003), alphabetic and logographic characters (Martiny-Huenger et al., 2014; 

Veling et al., 2007), common objects (Griffiths & Mitchell, 2008), corporate brands (Duff & 

Faber, 2011), and human faces (Raymond et al., 2005). The distractor devaluation effects in 

these studies have been observed as changes in a number of different subjective emotional 

judgments, including stimulus valence, likeability, favorability, beauty, cheerfulness, dreariness, 

pleasantness, and trustworthiness. Distractor devaluation has been consistently interpreted as 

being a consequence of inhibitory processes (i.e., the devaluation-by-inhibition hypothesis); 

however, recently another hypothesis has been put forth that suggests that distractor devaluation 

may be a consequence of evaluative codes that are established by task instructions (i.e., the 

evaluative-coding hypothesis; Dittrich & Klauer, 2012).  

 

The Devaluation-by-inhibition Hypothesis 

The distractor devaluation effect has been taken as evidence that attentional inhibition, 

presumably applied to prevent distractor interference, has negative affective consequences for 

associated stimuli (see Fenske & Raymond, 2006; Gollwitzer et al., 2014; Raymond, 2009 for 

reviews). Support for this devaluation-by-inhibition hypothesis has come from both cognitive-
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behavioural and neuroimaging studies. The cognitive-behavioural studies (Fenske et al., 2005, 

2004; Raymond et al., 2005) utilized experimental conditions that are considered to vary in the 

level of inhibition required for successful task completion. In subsequent evaluations, the stimuli 

in conditions thought to involve greater inhibition consistently received more negative ratings 

than those in conditions thought to involve less inhibition. For example, both Raymond et al. 

(2005) and Martiny-Huenger et al. (2014) found evidence that devaluation mirrors inhibition in 

that it is reactive, as distractors located close to a target of selective attention that were thought to 

be subjected to greater levels of inhibition due to their greater interference potential (Cutzu & 

Tsotsos, 2003; Hopf et al., 2006; Mounts, 2000) were subsequently rated more negatively than 

distant distractors. Findings from a line of studies involving Go/No-go and Stop-signal tasks 

(Fenske et al., 2005; Gollwitzer et al., 2014; Kiss et al., 2008; Wessel & O’Doherty, 2014) 

suggest that motor-response inhibition also has deleterious consequences for associated stimuli, 

while my Master’s-thesis research finding devaluation following a Think/No-think task (De Vito 

& Fenske, 2017) suggests that stimuli held in memory that have been subjected to inhibition are 

affectively devalued (cf. Janczyk & Wühr, 2012). Taken together, the cognitive-behavioural 

results obtained following a variety of manipulations of attention-, response-, and memory-

related inhibition broadly support the hypothesis that cognitive processes of inhibition have 

negative affective consequences for associated stimuli. 

The devaluation-by-inhibition hypothesis has also received support from the results of 

neuroimaging investigations into the affective consequences of selective attention (Kiss et al., 

2007) and response inhibition (Doallo et al., 2012; Kiss et al., 2008) in tasks using visual stimuli. 

Kiss et al.'s (2007) EEG-based approach, for example, involved an assessment of the N2pc 

component of the ERP waveform during periods in which participants ignored a distractor while 

searching for a stimulus with a pre-specified target feature. They found that differences in the 

emergence of the N2pc component were linked to the magnitude of distractor devaluation. The 

N2pc component on trials containing distractors that subsequently received the most negative 

ratings emerged significantly earlier than the N2pc on trials containing distractors that 

subsequently received more positive ratings. To the extent that trial-by-trial variations in N2pc 

onset reflect the efficiency of attentional selection aided by distractor inhibition (Luck & 

Hillyard, 1994), these results are consistent with the notion that the level of attentional inhibition 

applied to a distracting stimulus is linked to the magnitude of its subsequent affective 
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devaluation. Nevertheless, inhibition is not the only factor that has been proposed as an 

explanation for the distractor devaluation effect.  

 

The Evaluative Coding Hypothesis 

A leading alternative to the devaluation-by-inhibition account of distractor devaluation is 

Dittrich and Klauer's (2012) proposal that prior distractors are only rated more negatively than 

prior targets because of evaluative codes that become associated with targets and distractors 

solely through attention-task instructions. According to this perspective, merely instructing 

participants to seek, attend to, select, respond to or otherwise accept some items (targets), and to 

ignore, avoid, or otherwise reject other items (distractors) is sufficient to impact subsequent 

ratings because of prior associations linking stimulus approach to positive items and stimulus 

avoidance to negative items (Chen & Bargh, 1999). In reconciling Kiss et al.'s (2007) 

electrophysiological findings regarding a link between the N2pc component and distractor 

devaluation with their evaluative-coding hypothesis, Dittrich and Klauer argue that fluctuations 

in the efficiency of selective attention, as reflected by N2pc latency, may impact how well 

targets and distractors can be perceptually discriminated and therefore how likely each could be 

clearly coded as something to-be-accepted or to-be-rejected. Thus, the evaluative-coding account 

posits that the effects of selective attention on subsequent stimulus ratings has nothing to do with 

distractor inhibition and everything to do with the strength of the association between each item 

and the evaluative codes that become attached during the selection process. The strength of 

conclusions about the specific link between distractor inhibition and affective devaluation that 

can be drawn from Kiss et al.’s results has also been affected by the emergence of findings that 

question the specific link between the N2pc and distractor suppression. Indeed, there is growing 

consensus that the N2pc component, while often emerging under conditions involving distractor 

inhibition, is not itself an index of inhibition but more directly related to enhanced processing of 

target information (Mazza, Turatto, & Caramazza, 2009). Fortunately, other advances in 

cognitive-electrophysiology include the identification of a marker that more directly reflects 

distractor inhibition during selective attention (Hickey et al., 2009). This is known as the Pd 

component—a positive-voltage deflection in the ERP waveform appearing 150-300ms post-

stimulus over regions of visual cortex contralateral to the location of a visual distractor—and is 

now widely thought to indicate the termination of attention to distracting stimuli and the active 
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suppression of their perceptual processing (see Sawaki & Luck, 2014 for review). The benefit of 

having this more direct neural index of distractor inhibition is that it enables a more direct test of 

the devaluation-by-inhibition hypothesis. We report the results of this test here, which we 

conducted using a semi-altered version of Sawaki and Luck’s (2011) paradigm that was selected 

for its ability to simultaneously provide an assessment of competing predictions arising from the 

evaluative-coding and devaluation-by-inhibition hypotheses.  

 

Tests of Competing Predictions 

The experimental procedure used in our study is a modified version of that developed by 

Sawaki and Luck (2011) to investigate the potential involvement of attentional inhibition in 

protecting the contents of visual working memory from the interfering effects of salient 

distractors. The main task requires participants to first select one of two visual stimuli and then 

maintain it in working memory throughout a retention interval. This would allow them to 

accurately choose this memorized item from a subsequent test display that includes the original 

plus a rotated version of it. The ability to correctly remember the item on these memory trials is 

complicated by the appearance of a pair of task-irrelevant distractors during the retention interval 

—one on each side of fixation. Moreover, the potential for interference is increased by always 

having one of the distractors be the same colour as the memorized item. While such memory-

matching stimuli have been shown to initially capture attention (Soto, Heinke, Humphreys, & 

Blanco, 2005), Sawaki and Luck found that their perceptual processing is ultimately actively 

suppressed, as evidenced by a Pd contralateral to the memory-matching distractor. This finding 

suggests that the level of suppression required to prevent the memory-matching distractor from 

interfering with the active contents of working memory was greater than that required to prevent 

interference from the non memory-matching distractor.  

We adapted Sawaki and Luck's (2011) main experimental task to incorporate affective 

evaluations of stimuli that had previously appeared as either a memory-matching distractor or 

non-matching distractor during a memory-retention interval. Beyond providing an experimental 

context for assessing possible links between fluctuations in an electro-cortical index of distractor 

inhibition and subsequent distractor ratings, the potential usefulness of this specific task concerns 

the possible evaluative codes associated with the different types of stimuli (Dittrich & Klauer, 

2012; Eder & Rothermund, 2008). For example, the memory-matching distractors in Sawaki and 
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Luck’s task share a defining feature and are therefore quite similar to the to-be-accepted and 

protected memory target. According to the account proposed by Dittrich and Klauer, anything 

indicated by the task instructions as a to-be-accepted target should be coded as affectively 

positive based on long-standing associations between behavioural approach and positively 

valenced stimuli (Chen & Bargh, 1999). The corresponding impact of an item’s to-be-accepted 

versus to-be-rejected status on subsequent affective ratings extends to other stimuli that share a 

defining feature (Goolsby, Shapiro, Silvert, et al., 2009; Raymond et al., 2003). Therefore, a 

memory-matching distractor in Sawaki and Luck’s task should later receive a relatively positive 

evaluation, according to the evaluative-coding perspective, based on its similarity to the 

positively labelled attentional target being held in memory.  

The initial commit-to-memory display in Sawaki and Luck’s (2011) task contains both 

the to-be-memorized item along with another do-not-memorize item. According to Dittrich and 

Klauer’s (2012) evaluative-coding based account, anything that the task instructions indicate is 

to-be-ignored and rejected should be coded as affectively negative based on long-standing 

associations between behavioural avoidance and negatively valenced stimuli (Chen & Bargh, 

1999). And just as the colour of the attended and memorized item was the same as the 

subsequent memory-matching distractor, the colour of the ignored do-not-memorize item was 

always the same as the other (memory non-matching) distractor. Thus, in addition to the 

potential impact on participants’ stimulus ratings of the similarity between memory-matching 

distractors and the accepted and positively coded memorized items in our version of the task, the 

ratings should also—according to the evaluative coding hypothesis—be affected by the 

similarity between the memory non-matching distractors and the rejected and negatively coded 

non-memorized memory-display items. In sum, the evaluative coding hypothesis predicts that 

memory-matching distractors would subsequently receive more positive affective ratings, and 

that memory non-matching distractors would subsequently receive more negative affective 

ratings. 

We included previously unseen novel stimuli in our affective rating trials to provide a 

baseline against which the evaluative-coding based predictions—more positive ratings for 

memory-matching distractors, more negative ratings for non-matching distractors—could be 

properly assessed. These predictions stand in stark contrast to the inhibitory-devaluation based 

predictions of more negative ratings for memory-matching distractors than for novel items. 
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Moreover, the devaluation-by-inhibition hypothesis predicts that trial-by-trial fluctuations in the 

magnitude of the Pd component may be linked to the level of subsequent devaluation of 

memory-matching distractors. The possible impact of such Pd fluctuations is less clear from an 

evaluative-coding perspective. Dittrich and Klauer’s (2012) interpretation of Kiss et al.’s (2007) 

finding of a link between the N2pc and devaluation is that the more effective attentional 

selection is, as indexed by an earlier N2pc, the more clearly a stimulus can be coded as 

something to-be-accepted or to-be-rejected. To the extent that distractor suppression also aids 

stimulus discrimination, a larger Pd component—according to an evaluative-coding 

perspective—might indicate better differentiation of the memory-matching and non-memory 

matching distractors and their respective similarity to the positively coded memorized item 

versus the negatively coded do-not-memorize item. From this perspective, trial-by-trial 

fluctuations in the magnitude of the Pd component, should be linked to the extent to which the 

memory-matching distractors receive more positive ratings than novel stimuli and the extent to 

which the non-memory matching distractors receive more negative ratings than novel stimuli. 

 

Experiment 1.1 - Introduction 

We begin our assessment of opposing predictions arising from the devaluation-by-

inhibition and evaluative-coding accounts of the distractor devaluation effect using a purely 

cognitive-behavioural adaptation of Sawaki and Luck's (2011) experimental procedure. We 

specifically adapted the procedure to obtain affective ratings of stimuli previously appearing as 

retention-interval distractors and of previously unseen novel stimuli. Finding that prior memory-

matching distractor ratings are more positive than novel-stimulus ratings would be consistent 

with an evaluative-coding account of distractor devaluation, as would a finding of more negative 

ratings for non-matching distractors than for novel-stimuli. In contrast, finding that ratings of 

prior memory-matching distractors are more negative than those of novel stimuli would instead 

be consistent with a devaluation-by-inhibition account. As for ratings of prior non-matching 

distractors, distractors with little interference potential are often not significantly devalued (e.g., 

Martiny-Huenger et al., 2014; Raymond et al., 2005 who argue this is due to the fact that such 

items evoke such low levels of inhibition), so there is less reason from a devaluation-by-

inhibition account to expect that non-matching distractor ratings will reliably differ from those of 

novel stimuli. 
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Experiment 1.1 - Method 

Participants. A total of 52 undergraduate students from the University of Guelph 

participant pool (Age: M = 18.4 years, SD = 1.44; 35 females, 47 right-handed) volunteered to 

complete the experiment in exchange for course credit. The size of this sample was chosen to be 

consistent with the samples of 40-50 participants used in previous cognitive-behavioural 

investigations of the devaluation-by-inhibition hypothesis (e.g., Fenske et al., 2004; Ferrey et al., 

2012; Raymond et al., 2005). The appropriateness of this sample size was confirmed using 

G*Power (Faul, Erdfelder, Lang, & Buchner, 2007), which indicated that 42 participants would 

be required to detect a similar-sized effect on stimulus ratings as in these studies (dz = .5) with a 

power of 0.95 at an alpha of .05. All of the participants provided informed consent and all had 

normal or corrected-to-normal vision.  

Apparatus and stimuli. Stimulus presentation and behavioral response collection were 

controlled by PsychoPy software (Peirce, 2007) running on an Intel Core2Duo computer with a 

50.8cm LCD monitor. All stimuli were presented on a black background in a room with standard 

fluorescent illumination at a viewing distance of approximately 60cm.  

The stimuli for this experiment were also generated using PsychoPy software (Peirce, 

2007). The cue presented at the beginning of each memory trial was a 1.49° x 1.13° rectangle 

divided along the vertical midline into a dark grey half (RGB: 117, 117, 117) and a white half 

(RGB: 255, 255, 255) (see Figure 1). Arial font was used for the central fixation cross (a ‘+’ 

symbol), and the rating scale numbers presented during evaluation judgments, each subtending 

approximately 0.90° x 0.90° visual angle. 
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Figure 1. Experiment 1.1 trial sequence. Participants memorized a cued item and later, on tested 

trials, indicated which presented item exactly matched the memorized item. 

 

The main stimuli used in the memory-trials and stimulus-rating trials were irregular 

abstract shapes that each subtended approximately 4.65° x 4.65° and were designed to each be 

distinct in appearance. These unique shapes were created by randomly selecting the size 

(range:1.66°-3.32° horizontal and vertical visual angle) and number of sides (range:5-8) of four 

overlapping polygons. The outline created by these overlapping polygons formed the outer 

contour of the stimulus, which was then filled with a single uniform colour. Five-hundred and 

twenty-three different shapes were created using this method. Three different versions of this set 

of shapes were produced by changing the uniform colour of each shape to green (RGB: 39, 103, 

23), orange (RGB: 240, 111, 35), and purple (RGB: 130, 1, 200). Having each of the 523 shapes 

in each of the three different colours resulted in a final stimulus set of 1569 images. 
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Experimental procedure. All of the materials and procedures used in this experiment 

were approved by the Research Ethics Board at the University of Guelph. Beyond the use of 

distinct shapes as stimuli on each trial, the memory-maintenance procedure used by Sawaki and 

Luck (2011) was also modified to incorporate affective stimulus evaluations. The resulting 

procedure consisted of eight blocks of trials, each consisting of 12 Memory trials followed by 12 

Affective-evaluation trials. Figure 1 depicts the sequence of stimulus events used in Experiment 

1.1. 

Each memory trial began with the presentation of the half-grey/half-white rectangular cue 

in the center of the screen that indicated the location of the to-be-memorized item (i.e., top or 

bottom half of the screen). Half of the participants were instructed to use the dark grey half of the 

rectangle as a cue to determine whether to encode the item on the top or bottom of the screen 

into memory, while the other half used the white half of the rectangle as their cue. The cue was 

presented alone for 400ms, and remained visible throughout the subsequent 400ms presentation 

of the memory array. The memory array comprised two abstract shapes, each centered 4.67° 

degrees above or below display center. The colour of the to-be-memorized item (i.e., the shape 

appearing in the cued location) was different from the colour of the to-be-ignored item (i.e., the 

shape appearing in the uncued location). A fixation cross replaced the memory array and 

remained visible throughout an 1800ms retention interval. The first 800ms of the retention 

interval consisted only of the fixation cross, followed by a 200ms presentation of two 

distractors—each centered 4.67° to the left or right of fixation. One of the distractors (memory-

matching) was the same colour as the to-be-memorized item from the memory array. The other 

distractor (non memory-matching) was the same colour as the to-be-ignored item from the 

memory array. The two memory and two distractor stimuli all had different shapes. The relative 

locations of the memory-matching and non-matching distractors was counterbalanced to ensure 

that each appeared to the left of fixation on half the trials and to the right of fixation on half the 

trials. The specific stimulus colour used for the memory-matching distractors (e.g., green) was 

the same on every trial. Another stimulus colour (e.g., orange) was used for the non memory-

matching distractors, which was also the same on every trial. Stimuli in the remaining colour 

(e.g., purple) were reserved for use as novel items in the Affective-evaluation trials. The 

appearance of the distractor array was followed by the final 800ms of the retention interval, 

during which only the fixation cross was visible. 
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The specific colour-to-condition assignments were fully counterbalanced across 

participants such that each stimulus colour was used equally often for each experimental 

condition. Having the stimuli within each experimental condition all be the same unique colour 

was critical for a fair test of the evaluative-coding hypothesis by ensuring that any affective 

connotations of being associated with the to-be-accepted and protected class of stimuli (to-be-

memorized items and memory-matching distractors) versus the to-be-ignored and rejected class 

of stimuli (do-not-memorize items and non-memory-matching distractors) could be clearly 

linked to a salient defining stimulus feature (Dittrich & Klauer, 2012). 

The retention interval was followed by one of two occurrences. On half of the trials, 

memory maintenance was followed by a memory test. During this memory test, a memory-test 

array was presented, which contained the to-be-memorized stimulus along with an altered 

version of that stimulus (randomly rotated 20° clockwise or counterclockwise), each presented 

4.67° above or below central fixation. The participant was asked to indicate the location of the 

to-be-memorized stimulus in the current display by pressing the ‘up’ or ‘down’ key on the 

computer keyboard. The presentation of the memory-test array terminated once the participant 

made their response or after 3 seconds elapsed. The memory test was followed by a 1s blank 

inter-trial interval.  

On the other half of the trials, the experiment immediately proceeded to the 1s inter-trial 

interval without providing a memory test. The reason for omitting the memory test is that it 

exposes participants to memory-matching shapes but not non-matching shapes, confounding our 

main manipulation with exposure effects in which greater levels of exposure to stimuli enhance 

ratings of those stimuli (Monahan, Murphy, & Zajonc, 2000). By including No-test trials, if such 

effects were detected, we could then rely solely on this subset of stimuli in which exposure is 

controlled across matching and non-matching distractors. We randomly intermixed an equal 

number of Memory-test trials with the No-test trials to ensure that participants were motivated to 

encode and maintain the to-be-memorized item throughout the retention interval and appearance 

of the distractor array on each trial.  

Each block of 12 Memory trials was followed by a block of 12 Affective-evaluation 

trials. Each Affective-evaluation trial began with a 500ms central fixation cross followed by the 

central presentation of a single to-be-rated stimulus, which remained visible until a rating 

response was made. Each to-be-rated item was either a previously unseen Novel shape presented 
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in the colour assigned to the novel condition, or a Memory-matching distractor or Non-matching 

distractor from the immediately-preceding block of memory trials. Each block of 12 Affective-

evaluation trials contained an equal number of shapes (4) from each of these conditions. For the 

to-be-rated Memory-matching distractors and Non-matching distractors, half were from 

Memory-test trials and half were from No-test trials. Participants were asked to rate the 

perceived cheerfulness of each item by pressing one of the numbered keys at the top of a 

standard computer keyboard using a 5-point scale (1-Not at all Cheerful, 5-Very Cheerful). Each 

rating response triggered a 1s blank inter-trial interval.  

Each participant completed 6 practice Memory trials and 6 practice Affective-evaluation 

trials to familiarize themselves with the task prior to the beginning of the experiment. The entire 

experimental session lasted approximately 30 min. 

 

Experiment 1.1 - Results & Discussion 

Data from four participants were excluded because of low (<50%) accuracy on Memory-

task responses. The remaining 48 participants (Age: M = 18.4 years, SD = 1.49; 34 females, 47 

right-handed) were correct on an average of 68.9% (SD = 10.5) of the Memory-task trials. 

Stimulus ratings. Our primary contrasts of interest involved potential differences in 

affective stimulus ratings due to differences in level of prior inhibition or to differences in 

instruction-related evaluative associations. We were particularly interested in differences 

between ratings of novel items and prior memory-matching distractors (Evaluative coding: 

Memory-matching distractors should be significantly more positive; Inhibitory-devaluation: 

Memory-matching distractors should be significantly more negative) and between novel items 

and prior non-matching distractors (Evaluative coding: Non-matching distractors should be 

significantly more negative; Inhibitory-devaluation: Non-matching distractors may be more 

negative). However, because errors are also known to have negative affective consequences for 

associated items (Chetverikov, 2014; Chetverikova, Jóhannesson, & Kristjánsson, 2015), we 

only considered ratings of prior distractors from memory-task trials in which a correct response 

was made. This resulted in the exclusion of 15.3% of the ratings of Memory-matching distractors 

and 15.8% of the ratings of Non-matching distractors from further analyses. The remaining 

affective ratings were averaged (means) and submitted to separate 2 (Memory-test status: Not 

tested or Tested) x 2 (Distractor status: Novel or Distractor) repeated-measures ANOVAs to test 
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the predicted Novel-Distractor difference for Memory-matching distractors and that for Non-

matching distractors. 

As shown in Figure 2, prior Memory-matching distractors received more negative ratings 

(M = 2.81, SD = .55) than Novel items (M = 3.11, SD = .72). This effect of Distractor status was 

significant F(1,47)=4.61, p = .037, η2
partial = .089, and the lack of a significant Distractor-status x 

Memory-test status interaction [F(1,47)=0.51, p = .513, η2
partial = .011] confirmed that the 

magnitude of this effect was similar following No-test trials (Memory-match – Novel difference: 

-0.34) and Memory-test trials (Memory-match – Novel difference: -0.28). Importantly, the fact 

that the extra Memory-match stimulus exposure during the memory test did not subsequently 

lead to enhanced Memory-match distractor ratings when compared to that following No-test 

trials (i.e., if anything they were nominally lower, M = 2.77 vs. 2.84), suggests that our concern 

about possible confounding effects of mere exposure may have been unfounded. Taken together, 

the results of this analysis are inconsistent with the evaluative-coding based prediction of more 

positive ratings for prior Memory-matching distractors than for Novel items, and are instead 

consistent with the devaluation-by-inhibition based prediction of more negative ratings for prior 

Memory-matching distractors than for Novel items. 

 
Figure 2. Mean affective ratings of Memory-matching probes, Non-matching probes and Novel 

stimuli in Experiment 1.1. (Error Bars = SE) (n = 48) 
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Prior Non-matching distractors received nominally more negative ratings (M = 3.03, SD 

= .78) than Novel items (M = 3.11, SD = .72). However, this effect of Distractor status was not 

statistically significant F(1,47)=0.21, p = .651, η2
partial = .004, nor did it significantly interact with 

Memory-test status [F(1,47)=1.56, p = .219, η2
partial = .032], confirming that the magnitude of 

this effect was similarly small following No-test trials (Non-match – Novel difference: -0.02) 

and Memory-test trials (Non-match – Novel difference: -0.14). Taken together, the results of this 

analysis are inconsistent with the evaluative-coding based prediction of significantly more 

negative ratings for prior Non-matching distractors than for Novel items, and are instead 

consistent with the devaluation-by-inhibition based prediction of either no difference or slightly 

more negative ratings for prior Memory-matching distractors than for Novel items. 

Finding significant devaluation of Memory-matching distractors, but not of Non-

matching distractors, converges with the results of prior studies in which the stimuli with the 

greatest potential to interfere with task performance—those closer to the target (Martiny-

Huenger et al., 2014; Raymond et al., 2005) or that have become increasingly salient through 

prior exposure (Frischen et al., 2012)—elicit the strongest negative reactions in subsequent 

evaluations. These prior results have been taken as evidence confirming the reactive nature of 

inhibition (Houghton & Tipper, 1994); the higher the potential for interference, the greater the 

amount of inhibition that needs to be applied in order to suppress further processing or overt 

responses. Evidence that memory-matching stimuli initially capture attention (Soto et al., 2005) 

could explain why their interference potential may become so great when they are irrelevant to 

the task at hand. And this, in turn, could explain why they subsequently elicit such strong 

suppression of any further processing as reflected by Sawaki and Luck's (2011) observation of a 

significant Pd contralateral to memory-matching distractors (and not to non-matching 

distractors).  

To more directly explore this potential link between the Pd-component index of stimulus 

inhibition and subsequent stimulus evaluation, we conducted Experiment 1.2 by adapting our 

approach in Experiment 1.1 to incorporate concurrent EEG and an assessment of the event-

related potential waveform during Memory-trials and the correspondence to stimulus ratings 

during subsequent Affective-evaluation trials. The value of Experiment 1.2 is also underscored 

by the importance of replicating the pattern of stimulus rating results from Experiment 1.1 in 

providing sufficient confidence for any conclusions drawn from our findings concerning the 
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competing predictions arising from the evaluative-coding and devaluation-by-inhibition accounts 

of distractor devaluation. 

 

Experiment 1.2 – Introduction 

The use of EEG/ERP in Experiment 1.2 was chosen for its ability to provide the most 

stringent test to date of the devaluation-by-inhibition hypothesis. There is now strong consensus 

that the Pd component reflects the termination of attention to distracting stimuli and the active 

suppression of their perceptual processing (see Sawaki & Luck, 2014 for review). Having a 

direct electro-cortical marker of distractor inhibition allows a direct assessment of the link 

between inhibition and stimulus devaluation. Here, in addition to a repeated assessment of the 

stimulus-rating predictions addressed in Experiment 1.1, we specifically examine whether trial-

by-trial fluctuations in the magnitude of the Pd component for Memory-matching distractors are 

linked to the level of devaluation as reflected in their subsequent affective ratings. To do this we 

adopted Kiss et al.'s (2007, 2008) approach of sorting trials of the task in which inhibition is 

applied (here, the Memory-task) based on whether the putatively inhibited stimuli (here, the 

Memory-matching distractors) subsequently received negative ratings or positive ratings. If the 

level of distractor inhibition is directly linked to level of subsequent distractor devaluation, then 

a larger Pd component should be found in response to Memory-matching distractors that were 

later rated as less cheerful as compared to trials leading to more positive ratings of these items. In 

contrast, the evaluative coding hypothesis might predict, if anything, that trial-by-trial 

fluctuations in the magnitude of the Pd component would be linked to enhanced ratings for 

Memory-matching distractors because of their similarity to the to-be-accepted/protected 

memorized stimuli. 

 

Experiment 1.2 – Method 

Participants. A total of 24 undergraduate students from the University of Guelph (mean 

age 21.8 years, SD = 3.23, 19 females, 22 right-handed) were recruited through online 

advertisements and received $20 as compensation for participating. The size of this sample was 

chosen to be consistent with the samples of 12-16 participants used in previous demonstrations 

linking the Pd component to distractor inhibition (e.g., Hickey et al., 2009; Sawaki & Luck, 

2011) and in prior neuroimaging (EEG/ERP and fMRI) investigations of the devaluation-by-
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inhibition hypothesis (Doallo et al., 2012; Kiss et al., 2007, 2008). The appropriateness of this 

sample size was confirmed using G*Power (Faul et al., 2007), which indicated that 16 

participants would be required to detect similar-sized ERP effects as in these studies (d = 1.0) 

with a power of 0.95 at an alpha of .05. All of the participants provided informed consent before 

participating and all had normal or corrected-to-normal vision. 

Apparatus and stimuli. The apparatus and stimuli in Experiment 1.2 were the same as in 

Experiment 1.1, with the following exceptions. The first of these concerns doubling the number 

of main experimental stimuli. This was required to accommodate the increased numbers of trials 

per condition required to ensure stable EEG signal averaging and, given the smaller sample of 

participants, to provide sufficient statistical power to test for the behavioural differences in 

stimulus ratings observed in Experiment 1.1. Therefore, 523 new abstract-shape stimuli were 

created using the same PsychoPy (Peirce, 2007) algorithm as used for the Experiment 1.1 stimuli. 

Combining these new items with the existing stimuli resulted in a stimulus set that consisted of 

1046 unique abstract shapes for Experiment 1.2. Three different versions of this stimulus set 

were produced in the same way as for those from Experiment 1.1 by changing the uniform 

colour of each shape to green (RGB: 39, 103, 23), orange (RGB: 240, 111, 35), and purple 

(RGB: 130, 1, 200). Having each of the 1046 shapes in each of the three different colours 

resulted in a final stimulus set of 3138 images. 

EEG was recorded using a BioSemi ActiveTwo system (Ag/AgCl electrodes) with 64 

scalp electrodes in standard 10-20 placement, and 6 external electrodes: 2 placed on the mastoids 

to serve as a common reference for all other electrodes, 2 placed at the outer canthi of each eye 

for calculating the horizontal electrooculogram (HEOG), and 2 placed above/below the right eye 

for calculating the vertical electrooculogram (VEOG). 

Experimental procedure. All of the materials and procedures used in this experiment 

were approved by the Research Ethics Board at the University of Guelph. The procedure used in 

this experiment was the same as that used in Experiment 1.1 with the following exceptions.  

The most significant modification was a change from the use of blocks of trials that each 

consisted of 12 Memory trials followed by 12 Affective-evaluation trials to the use blocks of 

trials in which each of the 12 Memory trials was immediately followed by the corresponding 

Affective-evaluation trial. Each to-be-rated item was either a previously unseen Novel shape, a 

Memory-matching distractor or a Non-matching distractor from the immediately-preceding 
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memory trial. Equal numbers of abstract shapes from each of these conditions were rated 

immediately after Memory-test and No-test trials. The number of blocks was also doubled from 

the eight used in Experiment 1.1 to a total of sixteen in Experiment 1.2. Changes were also made 

to address the data loss in Experiment 1.1 from having to exclude participants because of poor 

Memory-task performance. Specifically, we introduced a staircase procedure that was designed 

to maintain memory-task performance around 75% correct throughout the entire experimental 

session for each participant. This procedure utilized participants’ accuracy across the four most 

recent Memory-test trials to determine whether, on the next Memory-test trial, to make it easier 

or harder to recognize the originally-memorized item within the memory-test array. Adjusting 

the difficulty of the memory test was accomplished by altering the difference between the 

orientation of the originally-memorized item and that of its rotated-version foil within a range of 

20° to 60°. When recent accuracy dipped below 75%, then the difference in rotation was 

increased by 5° to make the memorized item easier to recognize. When recent accuracy 

increased above 75%, then the difference in rotation was decreased by 5° to make the memorized 

item harder to recognize. When accuracy was exactly at 75%, then the existing rotation 

difference was maintained.  

Less significant changes from Experiment 1.1 to Experiment 1.2 included a 1s 

presentation of the word “Memory” at display center at the beginning of each Memory trial, and 

a 1s presentation of the word “Evaluation” at display center at the beginning of each Affective-

evaluation trial. Participants were encouraged to blink when they saw each of these words so 

they would not need to during stimulus presentation, which was intended to help minimize the 

exclusion of EEG data from individual trials due to the presence of eye blinks. Other changes 

included adding jitter to the duration of the retention interval on each Memory trial by randomly 

varying the duration of the retention periods (700-900ms) both preceding and following the 

200ms distractor-array. The timing of the sequence of events following the retention interval 

were also altered to minimize interruption by sensory and cognitive factors during measurement 

of the Pd component. Specifically, on the half of the memory trials in which memory 

maintenance was followed by a memory test, the memory-test array remained visible after a 

memory-test response was provided for a total of 3s. On the No-test trials the retention interval 

was followed by a 3s central fixation display. Participants were instructed to maintain fixation in 

such cases until the trial timed out.  
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Minor alterations to the Affective-evaluation trials also included the use of a 4-point 

rating scale (1-Not at all Cheerful, 4-Very Cheerful) and a change to make the presentation 

duration of the to-be-rated stimulus be the same throughout each rating-response period. Each to-

be-rated stimulus was presented for 1s followed by a 1s blank display. Participants could respond 

at any time during this 2s response period.  

Each participant completed 18 practice Memory-task plus Affective-evaluation trials to 

familiarize themselves with the task prior to the beginning of the experiment. To familiarize 

participants with the procedure for Memory-task trials in which their memory would not be 

tested, the final 6 practice trials included 3 No-test memory trials. The entire experimental 

session lasted approximately 60 min. 

Neuroimaging analysis. All data analyses were conducted using EEGLab Toolbox 

(Delorme & Makeig, 2004) as well as ERPLab Toolbox (Lopez-Calderon & Luck, 2014). The 

data sets were re-referenced according to the average of the mastoids and resampled to 250 Hz. 

The EEG data was segmented into 600ms epochs time-locked to the onset of the distractor array 

with a 100ms baseline, and the mean across the epochs was used to calculate averaged ERP 

waveforms.  

The horizontal electrooculogram (HEOG) and the vertical electrooculogram (VEOG) 

were both low-pass filtered (30 Hz) and both used to remove eye-movement or blink artifacts 

from the data sets. Artifact rejection was completed using the moving window peak-to-peak 

threshold and step-like function rejection algorithms provided by ERPLAB. Epochs were 

removed from the data analysis if the HEOG exceeded -80 or 80 µV, if the voltage of the VEOG 

exceeded 80 µV, and through visual inspection. An average of 3.5% (range: 0% to 12.5%) of 

trials were removed from each data set because of artifacts.  

The average of two electrode pairs PO7/PO8 and P7/P8 were used to calculate the Pd 

component. First, an averaged waveform was calculated by subtracting the average voltage at 

electrode sites over the hemisphere ipsilateral to the Memory-matching distractor (e.g. PO7 and 

P7 for left-visual field Memory-matching distractors) from those over the contralateral 

hemisphere (e.g. PO8 and P8). The mean amplitude of this averaged difference waveform from 

250 to 300ms following the presentation of the distractor array was calculated and used as the 

amplitude of the Pd component. 
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Experiment 1.2 - Results & Discussion 

Every participant was correct on at least 57% of the Memory-test trials (M = 71.0%, SD = 

9.4). The staircase procedure utilized in Experiment 1.2 was therefore effective to the extent that 

no data was lost from having to exclude participants due to poor Memory-task accuracy. 

 

Stimulus rating results. As in Experiment 1.1, our primary behavioural contrasts of 

interest involved potential differences in affective stimulus ratings due to differences in level of 

prior inhibition or to differences in instruction-related evaluative associations. To avoid the 

potential confounding effects of negative affect for error-associated items (Chetverikova et al., 

2015), we excluded ratings of stimuli that immediately followed Memory-test trials in which 

there was a failure to provide a correct response. This resulted in the exclusion of 14.5% of the 

ratings of Memory-matching distractors, 14.8% of the ratings of Non-matching distractors, and 

15.5% of the ratings of Novel items from further analyses. The remaining affective ratings were 

averaged (means) and submitted to separate 2 (Memory-test status: Not tested or Tested) x 2 

(Distractor status: Novel or Distractor) repeated-measures ANOVAs to assess the predicted 

Novel-Distractor difference for Memory-matching distractors (Evaluative coding: Memory-

matching distractors should be significantly more positive vs. Inhibitory-devaluation: Memory-

matching distractors should be significantly more negative) and for Non-matching distractors 

(Evaluative coding: Non-matching distractors should be significantly more negative vs. 

Inhibitory-devaluation: Non-matching distractors may be slightly more negative). 
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Figure 3. Mean affective ratings of Memory-matching distractors, Non-matching distractors and 

Novel stimuli in Experiment 1.2. (Error Bars = SE) (n = 24) 

 

As shown in Figure 3, prior Memory-matching distractors received more negative ratings 

(M = 2.50, SD = .29) than Novel items (M = 2.81, SD = .50). This effect of Distractor status was 

significant F(1,23)=6.35, p = .019, η2
partial = .216, and the lack of a significant Distractor-status x 

Memory-test status interaction [F(1,23)=1.61, p = .218, η2
partial = .065] confirmed that the 

magnitude of this effect was similar following No-test trials (Memory-match – Novel difference: 

-0.28) and Memory-test trials (Memory-match – Novel difference: -0.35).  

Prior Non-matching distractors received nominally more negative ratings (M = 2.68, SD 

= .47) than Novel items (M = 2.81, SD = .50). However, this effect of Distractor status was not 

statistically significant F(1,23)=0.68, p = .419, η2
partial = .029, nor did it significantly interact with 

Memory-test status [F(1,23)=1.90, p = .182, η2
partial = .076], confirming that the magnitude of 

this non-significant effect did not reliably differ following No-test trials (Non-match – Novel 

difference: -0.08) and Memory-test trials (Non-match – Novel difference: -0.19). 

The results of these analyses closely replicate the results of Experiment 1.1. Taken 

together, these findings are once again inconsistent with the evaluative-coding based predictions 

of relatively enhanced ratings for prior Memory-matching distractors and relatively diminished 

ratings for prior Non-match distractors, but are consistent with the devaluation-by-inhibition 
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based predictions of significant devaluation of prior Memory-matching distractors and less or 

absent devaluation of Non-matching distractors. 

It is noteworthy that none of the stimulus-rating effects due to potential differences in 

level of prior inhibition or instruction-related evaluative associations significantly interacted with 

the effects of including or omitting the memory test in either experiment. The consistent 

similarity in the pattern of stimulus ratings following No-test and Memory-test trials across both 

experiments and the absence of any other evidence of potential confounding effects of mere 

exposure due to the memory tests give us confidence in the decision to collapse across Test-

status for the EEG/ERP analyses and the assessment of links between the Pd component and 

magnitude of distractor devaluation. The primary advantage of doing this, of course, is the extra 

statistical power that comes with increasing trials per condition. 

 

EEG/ERP results. Our assessment of the Pd component was based on the analysis used 

by Sawaki and Luck (2011). The mean difference in amplitude between electrode sites 

contralateral to the Memory-matching distractor and those ipsilateral to the Memory-matching 

distractors from 250 to 300ms post distractor-array was 1.04 µV. The results of a one-sample t-

test showed that this mean amplitude of the difference between the voltage contralateral and 

ipsilateral to the Memory-matching distractors was significantly greater than zero, t(23) = 4.83, p 

< .001 (Figure 4). This pattern closely resembles the results of Sawaki and Luck (2011). 

Moreover, the observation of a Pd contralateral to memory-matching distractors suggests that the 

level of suppression required to prevent the memory-matching distractor from interfering with 

the contents of working memory was greater than that required to prevent interference from the 

non-matching distractor (Hickey et al., 2009). The demonstration that the condition in 

Experiment 1.2 that elicited a direct electro-cortical marker of distractor inhibition was the only 

condition that also elicited significant distractor devaluation provides strong support for the 

devaluation-by-inhibition hypothesis. It is less clear how such a finding can be explained from an 

evaluative-coding perspective. 
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Figure 4. Averaged ERP waveform of the difference in voltage between electrode sites 

contralateral to the Memory-matching distractor vs. those ipsilateral to the Memory-matching 

distractor (Electrodes: PO7/PO8 and P7/P8). For all statistical analyses, recorded voltages were 

not filtered; however, for illustrative purposes, voltage data in Figures were high-pass (0.1 Hz) 

and low-pass (30 Hz) filtered. (n = 24) 

 

 

 
Figure 5. Topographic scalp map of mean activation during the 250-300ms post distractor-array 

time interval used to calculate the Pd component. Data were rearranged so that the left side of the 

map represents the electrodes ipsilateral to the Memory-matching distractor while the right side 

represents the electrodes contralateral to the Memory-matching distractor. (n = 24)  

 
If active suppression represented by the Pd component is indeed linked to the affective 

devaluation of Memory-matching distractors, then fluctuations in the magnitude of the Pd 

component should also be linked to the magnitude of distractor devaluation. To assess this 

potential link, we followed the approach developed by Kiss et al. (2007, 2008) for investigating 
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how ERPs obtained during a task involving stimulus/response inhibition can be predictive of 

subsequent affective ratings of the stimuli in that task. First, we limited our analysis to trials in 

which the Memory-matching distractor encountered in the Memory task was the to-be-rated item 

in the subsequent Affective-evaluation task. Then we sorted these trials into two categories based 

on whether the Memory-matching distractor received a relatively negative rating (i.e., Low-

rating: a 1 or 2) or a relatively positive rating (i.e., High-rating: a 3 or 4). Separate averaged 

waveforms were calculated using these different groups of trials for each participant, from which 

we were able to calculate the mean Pd amplitude. The amplitudes of these High-rating and Low-

rating Pd components were then compared using a paired-samples t-test. As shown in Figure 6, 

the magnitude of the Pd component on Low-rating trials was significantly greater than that on 

High-rating trials t(23) = 2.32, p < .05. In other words, the level of inhibition applied to 

Memory-matching distractors that subsequently received the most negative ratings was 

significantly greater than the level of inhibition applied to Memory-matching distractors that 

subsequently received more positive ratings. This strongly suggests that trial-by-trial fluctuations 

in the level of inhibition applied to Memory-matching distractors is linked to the level of their 

subsequent affective devaluation. 

 

 
Figure 6. Averaged ERP waveforms of the differences in voltage between electrode sites 

contralateral to the Memory-matching distractor vs. those ipsilateral to the Memory-matching 

distractor, separated by subsequent affective rating (Low, High) of the Memory-matching 

distractor (Electrodes: PO7/PO8 and P7/P8). (n = 24)  
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Discussion – Chapter 1 

Previously ignored stimuli typically receive more negative affective evaluations than 

novel stimuli or the targets of attention/response (Raymond et al., 2003), but it remains unclear 

exactly how this occurs. Does inhibition applied to prevent distractor interference have negative 

affective consequences for associated stimuli? Or are prior distractors only rated more negatively 

because of evaluative codes—affective connotations conveyed solely by experimental 

instructions—linking negative affect to categories of stimuli that are to be ignored, avoided, or 

otherwise rejected? We directly compared and contrasted competing predictions arising from the 

devaluation-by-inhibition and evaluative-coding accounts of the distractor devaluation effect in 

two experiments. The results of both experiments provide strong support for the hypothesis that 

distractor devaluation is directly linked to stimulus inhibition and is not solely due to the 

influence of instruction-based evaluative codes.  

Participants in both experiments rated the cheerfulness of abstract shapes that were either 

previously unseen novel items or had previously appeared as distractors during the retention 

interval of a working memory task. Those distractors that matched the colour of a stimulus being 

held in memory received significantly more negative ratings than the novel stimuli in both 

experiments, whereas ratings of non-matching distractors did not reliably differ from those of 

novels. Because all of the to-be-memorized stimuli shared the same defining feature as all of the 

memory-matching distractors, the devaluation of memory-matching distractors stands in stark 

contrast to the evaluative-coding based prediction that items from that stimulus category should 

typically receive enhanced ratings because of the instruction-based positive affective 

connotations that such items are the sort of things to be accepted and protected (Dittrich & 

Klauer, 2012). Finding no difference between ratings of novel items and non-matching 

distractors in both experiments is also inconsistent with the other evaluative-coding based 

prediction; namely, that non-matching distractors should become significantly devalued from 

sharing a defining feature and any accompanying negative affective associations with visual 

stimuli in the initial memory arrays that participants were cued to reject as do-not-memorize 

items.  

In contrast, the stimulus rating results of Experiments 1.1 and 1.2 confirmed the 

predictions arising from the devaluation-by-inhibition hypothesis. Finding significant 

devaluation of memory-matching distractors, for example, resonates well with prior evidence 
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that memory-matching distractors are subjected to significant levels of attentional inhibition 

(Sawaki & Luck, 2011) because of their relatively greater task-interference potential due to 

attention being initially drawn to sensory information that matches the contents of working 

memory (Soto et al., 2005). Our replication in Experiment 1.2 of Sawaki and Luck's (2011) 

demonstration that the Pd component—an established electro-cortical marker of the termination 

of attention to a stimulus and its subsequent inhibition (see Sawaki & Luck, 2014 for review)—

occurs in response to the memory-matching distractors (and not to non-matching distractors) 

confirms that inhibition is indeed applied to memory-matching distractors. Finding significant 

devaluation only of stimuli from the condition in which there was direct evidence of stimulus 

inhibition confirms that prior inhibition is directly associated with changes in stimulus affect. So 

closely replicating this pattern of stimulus rating results across two independent samples of 

participants, despite slight changes in the experimental procedure and context (e.g., wearing an 

EEG cap), speaks to the reliability of our findings.    

We also demonstrated in Experiment 1.2 that the level of distractor inhibition indicated 

by Pd magnitude was significantly greater during memory maintenance for memory-matching 

distractors that subsequently received the most negative ratings than for those receiving more 

positive ratings. This provides the clearest neural evidence to date that distractor inhibition is 

associated with distractor devaluation. There are many reasons why participants vary in their 

ability to exert attentional control from one point to another within a given task—fatigue, mind-

wandering, etc.—and these momentary changes can impact participants’ ability to resist 

distraction (e.g., Leber, 2010). The possible impact of such trial-by-trial fluctuations in Pd 

magnitude on distractor evaluations, while straightforward to understand from a devaluation-by-

inhibition account, is less clear from an evaluative-coding perspective. But, to the extent that 

attentional mechanisms aid discrimination of items from different stimulus categories, as 

suggested by Dittrich and Klauer (2012), then the evaluative coding hypothesis might predict, if 

anything, that trial-by-trial fluctuations in the magnitude of the Pd component should have been 

linked to enhanced ratings for distractors matching the to-be-accepted/protected memorized 

stimuli. There was no evidence of this. 

Our failure to confirm any of the evaluative-coding based predictions converges with 

other results to show that the effects of selective-attention tasks in determining affective 

responses to the stimuli encountered in such tasks can not all be explained solely as an artefact of 
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the attention-task instructions (see also Gollwitzer et al., 2014). Martiny-Huenger et al. (2014), 

for example, found devaluation of prior distractors from a focused-attention task that used a 

single stimulus set comprising unique but otherwise homogenous Chinese characters. 

Participants in their studies were required to make judgments about whether a central target was 

symmetrical while being flanked by task-irrelevant distractors that were themselves either 

symmetrical or asymmetrical. Thus individual items could not be simply labeled as good/to-be-

accepted and bad/to-be-rejected based on task instructions because there were no distinct 

categories or defining stimulus features that delineated targets from distractors. Moreover, in line 

with our finding of significant devaluation only for memory-matching distractors and Raymond 

et al.'s (2005) finding of greater devaluation for distractors in close proximity to a target of 

attention, they too found significant devaluation only for distractors with high potential for task 

interference, including those associated with an incompatible response and those in close 

proximity to the target. This means that—even if specific evaluative codes could have been 

differentially linked to targets and distractors—the same affective associations would have 

applied to all distractors, making it difficult to explain why only some were devalued while 

others were not. In contrast, such differences in level of stimulus devaluation are easily explained 

by understanding that some stimulus/response representations require greater levels of inhibition 

to avoid task interference, and that the distractors that receive the most inhibition are also those 

that later show the greatest levels of distractor inhibition.  

Our demonstration that the magnitude of the Pd component—the level of distractor 

suppression—is linked to distractor ratings obtained later on, converges nicely with Kiss et al.'s 

(2007) demonstration that differences in the emergence of the N2pc component—widely 

considered to provide an index of the efficiency with which attention could be selectively 

allocated to a target stimulus in the presence of visual distractors (e.g., Eimer, 1996; Luck & 

Hillyard, 1994)—are also linked to the magnitude of distractor devaluation. Although it is 

becoming increasingly clear that the N2pc is not itself an index of inhibition, per se, but is more 

directly related to processing of target information (Mazza et al., 2009), to the extent that target 

selection is aided by effective distractor suppression it makes sense that the N2pc component 

might typically emerge under conditions involving distractor inhibition. The added benefit of 

now being able to measure the Pd component as a more direct neural index of distractor 

inhibition is that it enables a more direct test of the devaluation-by-inhibition hypothesis. And 
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the results of our assessment of the link between the Pd marker of stimulus inhibition and 

subsequent affective evaluations clearly suggest that inhibition is indeed associated with changes 

in stimulus affect. 

While there is growing evidence that the Pd component provides an index of the direct 

suppression of cortical representations of distracting stimuli, the exact neural source of the top-

down inhibitory signals that target visual cortex has yet to be determined. Middle frontal gyrus 

may be a candidate, however, because trial-by-trial fluctuations in middle frontal gyrus activity 

and Pd magnitude both predict the ability to resist the impact of visual distractors (Leber, 2010; 

Sawaki, Geng, & Luck, 2012). Future research might use fMRI with our version of Sawaki and 

Luck's (2011) experimental procedure to establish whether middle frontal gyrus activation level 

during the distractor-array presentation is linked to subsequent stimulus ratings, just as we found 

the Pd magnitude to be. Such a finding would resonate well with the fMRI results of Doallo et 

al.'s (2012) study that combined a response-inhibition task with an affective-evaluation task to 

investigate the link between inhibition and stimulus devaluation. They found that activity in 

middle frontal gyrus was greatest during periods that required inhibition for successful task 

performance (i.e., during No-go trials in a Go/No-go response-inhibition task), and that the 

magnitude of this inhibition-related activity was linked to the subsequent level of affective 

devaluation of the associated stimuli.  

Moreover, results such as Doallo et al.'s (2012) provide important clues about how 

inhibitory signals from top-down control areas might lead to changes in stimulus evaluations. 

These clues include evidence that inhibition-related activity in lateral prefrontal cortex couples 

with activity in key emotion-related regions, including orbitofrontal cortex and amygdala (also 

see Berkman, Burklund, & Lieberman, 2009). The findings of Doallo et al. suggest further that 

the pattern of activity in emotion-related regions produced through their coupling with 

inhibition-related regions at the time inhibition is applied can be reinstated at a later time in the 

context of an affective evaluation task. Importantly, the magnitude of these changes in orbital-

frontal cortex and amygdala activity for previously inhibited (No-go) items were associated with 

the magnitude of stimulus devaluation as shown behaviourally by subjective affective ratings. A 

formal neural-network model of distractor devaluation (Fragopanagos et al., 2009) suggests that 

similar connectivity between prefrontal top-down control areas and fronto-limbic emotion areas 

may be involved in determining the negative affective consequences of attentional inhibition for 
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visual distractors. Thus, while our present results have provided the most direct neural evidence 

to date linking attentional inhibition to stimulus devaluation, future neuroimaging investigations 

will be useful for confirming the specific regions and sequence of neurocognitive events through 

which inhibitory mechanisms of attention alter the coding and representation of stimulus value.    

Future research is also needed to verify that inhibition itself is what causes a change in stimulus 

value (Raymond, 2009), rather than another process that consistently accompanies inhibition. 

The primary functional value of inhibition, for example, lies in its critical role as a mechanism 

for resolving conflict and potential interference from competing signals in a variety of cognitive 

and neural operations (see Munakata et al., 2011 for review). Indeed, our results—a Pd 

component and significant devaluation of the distractors made most salient through their 

resemblance to memory targets—strongly supports the view that inhibition is a reactive process 

that is applied to distracting or otherwise inappropriate stimulus/response representations in 

direct proportion to the level of potential interference that might otherwise occur (Houghton & 

Tipper, 1994). However, just as there is growing evidence for a link between inhibition and 

stimulus devaluation, there is also growing evidence of a link between stimulus/response conflict 

and negative affect (Dreisbach & Fischer, 2012; Fritz & Dreisbach, 2013, 2015). Thus, whereas 

some theoretical accounts have emphasized the inextricable link between conflict and inhibition 

in determining stimulus-linked affective response (Ferrey, Burleigh, & Fenske, 2015), others 

have suggested that it is solely conflict, and not inhibition, that is responsible for stimulus 

devaluation effects (Chetverikov & Kristjánsson, 2016). Finding a way to disentangle the relative 

influence of different cognitive mechanisms, such as these, in determining affective responses to 

stimuli encountered in complex visual tasks presents a specific challenge for ongoing research. 

The importance of such work, however, is underscored by the growing range of stimuli, tasks, 

emotional judgments, choices and behaviour that are impacted by these critical links between 

cognition and emotion.  
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Chapter 2: Cognitive-behavioural and electrophysiological evidence of the affective 

consequences of ignoring stimulus representations in working memory. 

 

The information presented in this chapter has been published. While minor alterations have been 

made to the published version in the following, the original manuscript can be found here: 

De Vito, D., Ferrey, A. E., Fenske, M. J., & Al-Aidroos, N. (2018). Cognitive-behavioural and  

electrophysiological evidence of the affective consequences of ignoring stimulus 

representations in working memory. Cognitive, Affective, & Behavioral Neuroscience 

https://doi.org/10.3758/s13415-018-0580-x 

 

When selectively ignoring distracting stimuli in our surrounding environment, these 

distractors are subsequently affectively devalued compared to the targets of our attention and 

previously unseen (novel) stimuli (see Fenske & Raymond, 2006 for review). This distractor 

devaluation effect seems to be a widespread phenomenon in tasks involving attentional 

inhibition, and perhaps may even be an intrinsic consequence of inhibition. For example, the 

effect has been replicated in many different types of search tasks (Fenske et al., 2004; Raymond 

et al., 2005) using many different types of external sensory stimuli (Ferrey et al., 2012; Goolsby, 

Shapiro, & Raymond, 2009; Veling et al., 2007). Moreover, we (De Vito & Fenske, 2017) and 

others (Vivas et al., 2016) have recently demonstrated that devaluation does not only occur after 

ignoring stimuli in the environment, but is also a consequence of stopping the retrieval of 

representations in long-term memory. Thus, devaluation may be a consequence of inhibition 

through both internal and external attentional mechanisms (Chun et al., 2011). In the present 

study, we further test the pervasiveness of distractor devaluation by assessing the affective 

consequences of ignoring another type of internal memory representation; namely, 

representations in visual working memory. 

Kiss et al. (2007) extended previous investigations of distractor devaluation by adding 

concurrent electroencephalography (EEG) to the search-then-evaluate method used by Raymond 

et al. (2003). Kiss et al. were particularly interested in measuring the N2pc component, an event-

related potential (ERP) associated with the focusing of visual spatial attention (Luck & Hillyard, 

1994; Woodman & Luck, 1999): A larger, earlier N2pc component is associated with more 

strongly focused attention. They found that the N2pc component emerged earlier on trials 
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containing distractors that were later rated more negatively than on trials containing distractors 

that were later rated more positively. This finding suggests that focusing attention more strongly 

and more efficiently on a target results in more successful inhibition of distractors, which thereby 

triggers stronger affective devaluation of these distractors. Their results converge with the 

extensive behavioural evidence (Fenske & Raymond, 2006; Gollwitzer et al., 2014; Raymond, 

2009) that suggests that attentional inhibition results in the devaluation of distracting stimuli in 

our surrounding environment.  

To investigate whether devaluation also occurs following the stopping of retrieval of 

internal long-term memory representations, we (De Vito & Fenske, 2017) used a somewhat 

different approach involving the Think/No-think paradigm. In this paradigm, participants first 

learn word pairs or word-image pairs. They are then shown a cue word from each pair—one at a 

time—and are asked to recall (i.e., think) or inhibit (i.e., no-think) the memory of the associated 

response word or image. Despite the differences between the Think/No-think paradigm and the 

visual search paradigms used in previous studies, and despite having subjects ignore internal 

memory representations rather than external stimuli, our findings were strikingly similar to those 

of past distractor devaluation studies: We found that the ignored no-think items were disliked 

compared to baseline items. Vivas et al. (2016) also observed a similar long-term memory effect 

using a directed-forgetting task to elicit inhibition of stimulus memories. The similarity of these 

findings in long-term memory tasks to past distractor devaluation effects in visual search raises a 

question: Is affective devaluation a fundamental property of inhibition, occurring regardless of 

what we ignore and how? 

To further assess the proposal that devaluation is an intrinsic aspect of inhibition, 

research in our lab tested whether ignoring items represented in visual working memory (Cowan, 

2001; Luck & Vogel, 1997; Phillips, 1974) causes those items to be subsequently devalued (De 

Vito et al., 2018). On the one hand, working memory would seem to be a good candidate system 

for finding devaluation, as inhibition is thought to play a critical role in preventing interference 

from irrelevant information stored in working memory (Bao et al., 2006; Blair et al., 2011; 

Hasher et al., 2007). On the other hand, there is reason to believe that inhibition in working 

memory will not lead to devaluation. Specifically, Goolsby, Shapiro and Raymond (2009) 

previously demonstrated that loading visual working memory interferes with distractor 

devaluation. Based on these findings, they concluded that visual working memory plays a 
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functional role in distractor devaluation by facilitating the association of ignored stimuli with an 

inhibition-altered affective response. Thus, it remained unclear whether visual working memory 

can simultaneously play this functional role while also maintaining the representations of any to-

be-attended and to-be-ignored items. 

To investigate distractor devaluation for working memory representations, an experiment 

conducted in our lab manipulated whether a cue informing participants about the type of image 

to localize in a search task was presented prior to the appearance of the visual array (pre-cue 

visual-search trials) or only after the array had disappeared (post-cue memory-search trials; De 

Vito et al., 2018). Whereas providing a pre-cue encouraged a visual search of the external 

display for the target, a post-cue constrained the target search to occur solely within the contents 

of working memory. Correct performance in this post-cue working-memory search task thereby 

depended on the extent to which participants could successfully ignore what had suddenly 

become a distractor within the contents of working memory in order to select the target. 

Consequently, for the post-cue memory-search trials inhibition could only be applied to the 

internal memory representations of those stimuli. The results of affective evaluation trials that 

followed each search task showed that participants tended to rate prior distractors (i.e., uncued 

items) more negatively than prior search targets (i.e., cued items), and this pattern occurred for 

both visual-search and memory-search trials. These results suggest that distractor devaluation 

occurred in both the visual- and memory-search conditions and extend Raymond et al.'s (2003) 

basic paradigm to the domain of working memory; specifically, by requiring participants to first 

maintain two abstract visual patterns and their relative locations in working memory before 

receiving a cue indicating which of the two was the to-be-localized target. The results from the 

memory-search condition thereby support the conclusion that the process of ignoring a distractor 

in visual working memory leads to the subsequent devaluation of that item.  

In the current study we sought converging evidence by adapting this task for concurrent 

recording of EEG, and testing for relationships between individual differences in the magnitude 

of devaluation and both attention and working memory related ERP components: the N2pc and 

contralateral delay activity (CDA) components, respectively. To preview the results, we 

observed consistent evidence that ignoring items in visual working memory results in distractor 

devaluation. 
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Experiment 2 – Introduction 

 To further investigate the devaluation of working memory distractors, here we paired a 

working memory task with an affective evaluation task, mirroring the previous investigation in 

our lab; however, here participants also underwent concurrent EEG. We used a similar method to 

that of the post-cue memory-search trials used previously (De Vito et al., 2018). While the 

memory-search trials previously included a memory array followed by a text cue to indicate the 

identity of the target stimulus, here we replaced the text cue with a spatial post-cue. We 

employed EEG to make use of two ERP components in particular: the N2pc associated with 

visual-spatial attention, and the contralateral delay activity (CDA) associated with visual 

working memory activity. Both components are lateralized negativities, and can be measured at 

posterior electrode sites over the left or right hemisphere when participants attend to (N2pc; 

Luck & Hillyard, 1994; Woodman & Luck, 1999) or memorize (CDA; Vogel & Machizawa, 

2004) visual information in the contralateral visual field. The latency and magnitude of each 

component provides information about the timing and extent to which selective attention and 

working memory contribute to the task, respectively.  

 Our motivation for measuring these ERP components was two-fold. First, the CDA 

component provides a useful measure for clarifying which memory system participants employ 

on memory-search trials. Given that the stimuli used in the previous investigation of devaluation 

in working memory were visual and changed on each trial, it is likely that participants employed 

visual working memory. However, it was also possible to accomplish the memory-search trials 

without visual working memory. For example, participants could have used verbal working 

memory to encode stimuli (“Circle” vs. “Square”) and their locations (“left” vs. “right”). 

Moreover, because these verbal labels changed minimally from trial to trial, such a strategy 

could also eventually be supported by long-term memory (Carlisle, Arita, Pardo, & Woodman, 

2011). Accordingly, our first goal here was to assess if the devaluation effect in working memory 

found previously can be replicated in a task where verbal labels are less effective, and where 

memory delays are thereby associated with the CDA.  

 Second, measurement of ERP components also allows us to examine the 

neurophysiological effects associated with post-cues (i.e., the cue that triggers inhibition in 

memory), and how these effects relate to subsequent devaluation. If participants are using post-

cues to prioritize one item in working memory, and to ignore any other working memory 
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representations, we can expect to see both cue-related N2pc and CDA components, and 

individual differences in both should correlate with individual differences in subsequent affective 

devaluation. The N2pc occurs following both shifts of attention amongst external stimuli and 

amongst internal visual working memory representations (Kuo, Rao, Lepsien, & Nobre, 2009). 

Thus, just as Kiss et al. (2007) observed a correlation between the N2pc and devaluation in their 

external attention task, we can expect individual differences in the N2pc in our working-memory 

task to correlate with differences in affective devaluation (i.e., individuals showing a larger 

amplitude and/or earlier latency N2pc, reflecting more effective attentional selection of the target 

and inhibition of working-memory distractors, should subsequently show greater distractor 

devaluation).  

 For the CDA component, there are two competing predictions about the potential relation 

between this index of working-memory and distractor devaluation. On one hand, to the extent 

that inhibition of distractors in working memory causes those distractors to be suppressed or 

removed from memory (Duarte et al., 2013; Kuo, Stokes, & Nobre, 2012; but see Tsubomi, 

Fukuda, Kikumoto, & Vogel, 2015), successful inhibition may reduce CDA amplitude (i.e., 

reflecting the reduced involvement of working memory in the task) leading to a negative 

correlation with devaluation. On the other hand, the CDA has been established as a reliable index 

of individual differences in working memory capacity (Vogel & Machizawa, 2004), and there is 

evidence that the availability of visual working memory resources plays a critical role in 

supporting distractor devaluation (Goolsby, Shapiro, & Raymond, 2009). Thus, to the extent that 

individuals showing a larger CDA tend to have greater levels of available working-memory 

resources, they may also show greater levels of distractor devaluation than individuals with 

fewer available resources. Being able to directly test these competing predictions—increased 

devaluation for individuals more effective at inhibition-related reductions in working-memory 

activity versus increased devaluation for individuals with more available working memory 

resources—underscores the potential value of our electrophysiological measures.  

 To facilitate measurement of the N2pc and CDA components we used a conventional 

visual working memory change detection task, in which participants memorized three differently 

coloured Mondrian stimuli for later recall. Because the N2pc and CDA are lateralized 

components, we presented all memory stimuli on a given trial in either the left or right visual 

field, along with three task-irrelevant Mondrians in the other visual field to equate perceptual 
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stimulation; each trial started with a centrally presented arrow indicating which set of stimuli to 

memorize. We also used a larger three-item memory load to make the CDA (and any post-cue 

related changes) easier to detect, compared to the two-item memory load used in the previous 

investigation of devaluation in working memory. Finally, the post-cue was presented using a 

non-verbal stimulus. Specifically, the fixation point during the memory task was an asterisk-type 

stimulus with one arm of the stimulus pointing to each of the eight potential memory locations 

(four in each visual field), and a post-cue was presented by darkening one arm of this stimulus, 

indicating with 100% validity which of the memory items would be probed at the end of the trial.  

 

Experiment 2 - Method 

Participants. All of the materials and procedures used in this experiment were approved 

by the Research Ethics Board at the University of Guelph. Twenty participants (mean age 18.7 

years, SD = 1.7, 15 females, 19 right-handed) were recruited for this experiment through flyers 

and through advertisements on social media websites (i.e. Facebook), and they received $20 as 

compensation for participating. Two participants performed at chance on the working memory 

task, both scoring 54% accuracy (all other participants scored at least 65%), and their data was 

excluded from the analyses reported below. Two other participants were excluded from the 

analysis below because they had high rates of artifact rejection (i.e., 54.7% & 46.6%), while no 

other participant’s artifact rejection rate exceeded 34.4%. The inclusion of these two participants 

in the analyses did not alter the observed pattern of statistically significant effects reported 

below. Their removal resulted in a final sample size of 16 participants. The sample size of 16 

participants used here was above the 13 participants indicated by G*Power (Faul et al., 2007) to 

be required to detect a similar effect size as in previous investigations of the N2pc and CDA 

components (dz = 1.0; Duarte et al., 2013; Kiss et al., 2007) with a power of 0.95 at an alpha of 

.05. This sample was similar in size to that used by Kiss et al. (2007; n = 16), who used 

EEG/ERP to investigate the underlying mechanism guiding the devaluation of external sensory 

stimuli. All participants provided informed consent and had normal or corrected-to-normal 

vision.  

 

Apparatus and Stimuli. Stimuli for this experiment were generated using an E-Prime 

script (Psychology Software Tools, Pittsburgh, PA). The program created Mondrian stimuli 



 50 

(1.45˚ x 1.45˚) by randomly generating 200 overlapping squares within a square border. The 

width of these squares was between 10% and 30% the width of the full stimulus. For each 

stimulus, all squares were drawn with the same colour randomly selected from Blue, Green, 

Orange, Pink, Purple, Red and Yellow. Later Adobe Photoshop was used to re-colour the squares 

within each Mondrian to be varying degrees of the initial Mondrian colour. Five-hundred stimuli 

were created for each colour, resulting in thirty-five hundred total stimuli. The stimuli were 

presented on a grey background. All stimulus presentation and behavioral response collection for 

this experiment were controlled using PsychoPy software (Peirce, 2007) running on a personal 

computer with a 50.8 cm LCD monitor (resolution: 1920 x 1080 pixels). Participants sat 

approximately 71 cm from the monitor. 

 

Experimental Procedure. In each trial of this experiment, a working memory task was 

followed by an affective evaluation task. The experiment consisted of 32 blocks of 12 trials each, 

resulting in 384 trials (sample trial depicted in Figure 7). Participants were given a break to rest 

following each block of trials.  
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Figure 7. Full stimulus sequence of Experiment 2. For clarity the fixation cross is larger than it 

appeared for participants. The memory task trial sequence depicted in the figure is a Cued 

Probed trial. On Uncued trials, the post-cue was replaced with the standard fixation cross. On 

Unprobed trials, the probe display was replaced with the words “no probe”. Each memory task 

was followed immediately by an evaluation task.  

 

Memory task. Participants were instructed to maintain fixation throughout the 

experiment. Each trial began with the working memory task. The working memory task began by 

presenting an eight-armed fixation cross (i.e. ) measuring 1.78˚ x 1.61˚ in the center of the 

screen, and 500 ms following the onset of the fixation cross an arrow measuring 1.29˚ x 0.65˚ 

was added to the display above fixation. This arrow is unrelated to distractor devaluation and, 

rather, is necessary for measuring the CDA. The arrow appeared for 150 ms and directed 

participants to the side of the upcoming memory array that they would be required to memorize 

(i.e., memorize all items on the left or right side of the display). The arrow then disappeared, and 

the fixation point was presented alone for 150 to 250 ms (randomly jittered) until the memory 

array was added to the display. The memory array was presented for 150 ms and consisted of six 

differently coloured randomly-selected stimuli. Three stimuli in the memory array were 

presented to the left of fixation and three were presented to the right of fixation. There were eight 
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possible locations at which a stimulus could appear in the memory array (i.e., four on the left 

side of fixation and four to the right). The eight locations were organized in a circular orientation 

equidistant (6.05˚) from fixation. Following the disappearance of the memory array, the fixation 

cross was presented alone for 900 ms, constituting the first retention interval. Following the first 

retention interval, the post-cue was presented for 200 ms, consisting of the doubling in width of 

the arm of the fixation cross that pointed to the location of a previously memorized stimulus. 

This now-cued stimulus (i.e., that which was pointed to by the post-cue) was classified as the 

target for that particular trial. On 50% of trials, no post-cue was presented (Uncued trials are 

explained in full detail below). These uncued trials provided a baseline against which any ERP 

changes elicited by the post-cue (e.g., in N2pc or CDA components) on the 50% of cued trials 

could be measured. After the post-cue disappeared, the second retention interval consisted of the 

fixation cross presented alone for 800 ms. The fixation cross then disappeared and a memory 

probe was presented in the center of the screen above the text “Same or Different” for 1,000 ms. 

This memory probe was either the previously cued stimulus (50% of trials) or one of the 

previously memorized but uncued stimuli (50% of trials). Participants were required to indicate 

using the up or down key on the keyboard (counterbalanced across participants) whether the 

presented probe exactly matched the cued stimulus. On 50% of trials no memory probe was 

presented (Unprobed trials explained in full detail below). There is extensive literature showing 

that affective evaluations can change as a result of repeated stimulus exposure (i.e., the mere 

exposure effect; e.g., Zajonc, 2001), suggesting that evaluations in our task could change as a 

result of presenting the target or distractor stimulus again as a memory probe. Using unprobed 

trials created a condition where stimulus exposures for targets and distractors were always equal 

as they occurred solely during the presentation of the memory array. A 1,000 ms blank screen 

followed the memory probe, during which participants were given more time to make their 

“same or different” response. 
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Figure 8. Trial types used in Experiment 2. Abbreviated trial sequences illustrated here to show 

the difference between cued-probed, uncued-probed, cued-unprobed, and uncued-unprobed 

trials. See Figure 7 for full trial sequence. The affective evaluations from the cued-unprobed 

trials were the only evaluations that were analyzed because they included a focusing of attention 

in working memory while keeping an equal amount of exposures for all stimulus types.  

 

Uncued Trials (see Figure 8): To serve as a baseline for measuring the N2pc and the 

CDA components elicited by post-cues, 50% of the trials were uncued trials in which no post-cue 

was presented. This allowed us, for example, to assess whether post-cues would lead to an 

increase or decrease in CDA amplitude relative to uncued trials. On these uncued trials, the post-

cue was replaced by a 200 ms presentation of just the fixation point. The memory probe on 

uncued trials consisted of one of the previously memorized stimuli (50%) or one of the stimuli 

presented on the non-memorized side of the original memory array (50%). When the memory 

probe was presented during these trials, participants were required to use the keyboard to 

indicate whether the presented probe exactly matched any of the previously memorized stimuli.  

 Unprobed Trials (see Figure 8): To facilitate the interpretation of participants’ affective 

evaluations (described next), 50% of both cued and uncued trials were also unprobed (i.e., no 

memory probe was presented). The rationale for including unprobed trials is that merely 
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exposing participants to stimuli can affect their evaluations of those stimuli (Zajonc, 2001), 

potentially confounding the affective consequences of post-cues. Accordingly, to assess the 

impact of post-cues on affective evaluations, we only examined participants’ evaluations on 

cued-unprobed trials. In particular, our critical behavioural comparison was between target and 

distractor items on cued-unprobed trials, where participants were asked to focus their attention in 

working memory on a single item, but the number of exposures between the target and 

distractors was equal because no memory probe was presented. For unprobed trials, the memory 

probe was replaced by the presentation of the words “no probe” (measuring 2.10˚ x 0.65˚) on the 

screen for 1,000 ms. Participants did not make any keyboard response on these trials while 

maintaining central fixation. 

 Evaluation task. Every single working memory trial was followed immediately by an 

affective evaluation trial. This includes trials of all four types as depicted in Figure 8. Affective 

evaluations began with the presentation of the fixation point for 500 ms. The to-be-evaluated 

stimulus was then presented in the center of the screen for 1,000 ms while the text “1 – 2 – 3 – 4” 

(measuring 5.24˚ x 0.65˚) was displayed below it. On cued trials, the presented stimulus was 

either the cued stimulus (i.e., the attended target) or one of the previously memorized stimuli that 

had not been cued (i.e., the inhibited distractors). On uncued trials, the evaluation stimulus was 

one of the previously memorized stimuli. Participants were asked to affectively evaluate the 

cheerfulness of the presented stimulus on a 4-point scale using the numbered keys on the 

keyboard (1-Not at all Cheerful, 4-Very Cheerful). A 1,500 ms blank screen followed the 

presentation of the to-be evaluated stimulus. Participants were able to make their evaluation 

response at any time while the stimulus was presented or during the 1,500 ms blank screen that 

followed. A 1,000 ms inter-trial interval followed each affective evaluation.  

 

EEG Recording and Analysis. All EEG data analyses were conducted using EEGLab 

Toolbox (Delorme & Makeig, 2004) and ERPLab Toolbox (Lopez-Calderon & Luck, 2014). A 

BioSemi ActiveTwo system (Ag/AgCl electrodes) with 64 scalp electrodes in standard 10-20 

placement was used to record the EEG. Electrodes were also placed at each mastoid, at the outer 

canthus of each eye, as well as above and below the right eye. The data sets were re-referenced 

according to the average of the mastoids and resampled to 250 Hz. Averaged ERP waveforms 

were calculated using epochs of 2,500 ms that were time-locked to the presentation of the 
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memory array, and baselined to the 150 ms time-interval preceding the appearance of the 

memory array.  

The horizontal electrooculogram (HEOG) and the vertical electrooculogram (VEOG) 

were low-pass (30 Hz) filtered and were both used to remove any eye-movement or blink 

artifacts from the data sets. The VEOG represents the difference in voltage between the 

electrodes placed above and below the right eye. The HEOG represents the difference in voltage 

between the electrodes that were placed on the participants’ canthi. We identified artifacts using 

the moving window peak-to-peak threshold and step-like function rejection algorithms within 

ERPLAB, and removed any trials from analysis in which the VEOG exceeded -80 or 80 µV or 

where HEOG exceeded 32 µV, respectively, along with visual inspection.  

 All analysed ERP components (i.e., the CDA and N2pc components) were calculated by 

creating an averaged waveform of the voltage differences across five pairs of electrodes: P5/P6, 

P7/P8, PO3/PO4, PO7/PO8 and O1/O2. These match electrodes used previously in investigations 

involving the CDA component (Emrich, Al-Aidroos, Pratt, & Ferber, 2009). The voltage 

ipsilateral to the memorized stimuli was subtracted from the voltage contralateral to the 

memorized stimuli, and this voltage difference was then used to measure the size of each 

respective component. 

 

Experiment 2 - Results & Discussion 

Behavioural Results. The post-cue presented during the cued working memory trials 

proved to be effective as participants had significantly higher accuracy on trials with a post-cue 

(i.e., Cued trials; M = 78.2%, SD = 0.09) than on trials without a post-cue (i.e., uncued trials; M 

= 71.0%, SD = 0.11), t(15) = 2.82, p = .013). Overall, participants performed moderately well on 

the working memory task, scoring an average accuracy of 75% (SD = .08). Behaviourally, our 

main question was whether participants would evaluate ignored working memory distractors 

more negatively than the attended target, as was observed in the previous investigation of 

devaluation in working memory conducted in our lab. As can be seen in Figure 9, we replicated 

this effect of ignoring on affect: affective ratings of distractor items (M = 2.66, SD = 0.07) were 

significantly lower than affective ratings of target items (M = 2.86, SD = 0.09), t(15) = 3.43, p = 

.004. This result is consistent with the conclusion that ignoring visual working memory 

representations leads to devaluation of the corresponding items.  
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Figure 9. Affective rating results of Experiment 2. Mean affective ratings of target and distractor 

items. On cued-unprobed trials, distractor items were rated more negatively than targets. Error 

bars represent standard errors of the means. 

 

ERP Results.  

CDA Component. We examined the CDA component by calculating the mean amplitude 

of the contralateral and ipsilateral voltages, which are depicted in Figure 10, across two time 

ranges: the pre-cue time range, which was 400-900 ms following the presentation of the memory 

array, and post-cue time range, which was 1350-1650 ms following the presentation of the 

memory array. To analyze the CDA components we conducted a 2 (Hemisphere: Contralateral 

vs. Ipsilateral) x 2 (Cue Status: Cued vs. Uncued) x 2 (Time-window: Pre-Cue vs. Post-Cue) 

repeated-measures ANOVA. The 3-way interaction was statistically significant, F(1,15) = 9.432, 

p = .008, η2
partial = .386. This interaction is evident in Figure 10, and also in the contralateral 

minus ipsilateral difference waveforms presented in Figure 11. Following the presentation of the 

memory array (i.e., before the post-cue), a CDA is evident in both cued and uncued trials, and 

differs little between conditions. After the post-cue a CDA is again observed, however it appears 

to be larger on cued trials than uncued trials. We investigated this pattern, and the associated 

three-way interaction by separately analyzing the pre-cue and post-cue time windows. 
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Figure 10. Averaged ERP waveform of the voltage at electrode sites contralateral to the 

memorized stimuli and ipsilateral to the memorized stimuli across both cued and uncued trials 

(Electrodes: P5/P6, P7/P8, PO3/PO4, PO7/PO8 and O1/O2). For all statistical analyses, data 

recorded by scalp electrodes were not filtered; however, the data presented in Figures 10 and 11 

has been high-pass (0.1 Hz) and low-pass (30 Hz) filtered for illustrative purposes. 

 

A 2 (Hemisphere: Contralateral vs. Ipsilateral) x 2 (Cue Status: Cued vs. Uncued) 

repeated-measures ANOVA conducted on voltages during the pre-cue time-window (i.e., 400-

900ms following the presentation of the memory array) revealed a statistically significant main 

effect of hemisphere, F(1,15) = 34.894, p < .001, η2
partial = .699; neither the main effect of cue 

status nor the two-way interaction reached statistical significance, both F-values < 1. The main 

finding here is that the presentation of the memory array was associated with a significant CDA, 

suggesting that participants were indeed using visual working memory to encode task items. It is 

not surprising that this CDA was similar across cued and uncued trials, given that prior to the 

post cue, the cued and uncued trial sequences were identical. 
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Figure 11. Averaged ERP waveform of the voltage difference between electrode sites 

contralateral to the memorized stimuli vs. those ipsilateral to the memorized stimuli across both 

Cued and Uncued trials (Electrodes: P5/P6, P7/P8, PO3/PO4, PO7/PO8 and O1/O2).  

 

A 2 (Hemisphere: Contralateral vs. Ipsilateral) x 2 (Cue Status: Cued vs. Uncued) 

repeated-measures ANOVA conducted on voltages during the post-cue time-window revealed a 

marginally non-significant interaction, F(1,15) = 4.232, p = .058, η2
partial = .220, as well as 

statistically significant main effects of hemisphere, F(1,15) = 32.762, p < .001, η2
partial = .686, 

and cue status, F(1,15) = 24.288, p < .001, η2
partial = .618. As is evident in Figure 7, following the 

presentation of the post-cue, a CDA was present on both cued and uncued trials, and the 

marginal interaction reflects the trend for a larger (more negative) CDA on cued trials.  

CDA and Devaluation. We then investigated the link between the CDA component and 

the affective devaluation of uncued distractor stimuli. Each participant’s affective devaluation 

was calculated by subtracting their average rating of distractor stimuli on cued-unprobed trials 

from their average rating of target stimuli on cued-unprobed trials. We then tested for 

relationships between participant’s affective devaluation and their ERP components to assess if 

the ERP components measured for a given subject predict the extent to which they devalue 

distractors in working memory. As would be expected, there was no relationship between the 
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magnitude of devaluation of distractor stimuli and the magnitude of the CDA during the pre-cue 

time-period on either cued, r(14) = .381, p = .145, or uncued trials, r(14) = .074, p = .787. 

Moreover, during the post-cue time-period, there was no relationship between devaluation and 

the CDA on uncued trials, r(14) = .222, p = .409. The magnitude of the CDA following the post-

cue on cued trials, however, did significantly correlate with the devaluation of distractor stimuli, 

r(14) = .601, p = .014 (Figure 12). Moreover, this correlation between distractor devaluation and 

CDA amplitude following the post-cue on cued trials remained statistically significant when 

controlling for individual differences in the equivalent CDA amplitude on uncued trials, r(14) = 

.573, p = .026. This finding that the magnitude of a participants’ CDA component correlates with 

devaluation exclusively following a post-cue suggests that a participant’s working memory 

ability in general is not related to devaluation, however, their ability to regulate working memory 

using attention and inhibition guided by the post-cue is related to devaluation. While it is 

possible that the increase in CDA magnitude following the post-cue is a reflection of a 

strengthened target representation, the relationship that more working memory related activity 

(i.e., more negative CDA) is associated with greater devaluation, aligns well with the hypothesis 

of Goolsby, Shapiro, and Raymond (2009) that working memory resources must be employed 

for affective devaluation to take place.  

 
Figure 12. Relationship between participants’ mean amplitude CDA following the post-cue and 

their magnitude of devaluation of ignored distractors in working memory. 

 

N2pc Component in Working Memory. While the N2pc component has been frequently 

studied in external attention studies, it has only been measured in a small number of working 
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memory studies. Kuo et al. (2009) observed an N2pc in memory using a time window of 240-

300 ms following a post-cue. We used the same time-window in the present study; i.e., 240-300 

ms following the post-cue, or 1,290-1,350 ms following the presentation of the original memory 

array. Consistent with the presence of an N2pc on cued trials, the mean amplitude of voltage 

during this time range contralateral to the memorized stimuli was significantly more negative 

than the mean amplitude ipsilateral, t(15) = 3.71, p = .002. This negativity did not differ across 

cued and uncued trials, t(15) = 0.07, p = .943, likely reflecting the persistence of the CDA on 

uncued trials. Looking at cued trials in Figure 11, the usual peak of activity associated with the 

N2pc component is not visible during Kuo et al.’s time range, and instead appears at an earlier 

time point (i.e., the large negative voltage at about 150 ms following the post cue). Indeed, the 

mean amplitude of the contralateral-ipsilateral difference waveform during this earlier time 

range—1170-1230 ms following the original memory array—was also statistically significantly 

different from zero, t(15) = -5.17, p < .001. Because it is unclear which of these time ranges 

provides the most appropriate measure of the N2pc, or indeed whether either provides an 

appropriate measure, we elected to examine both time ranges, and characterize these components 

as N2pc-like activity.  

N2pc and Devaluation: We first examined the N2pc within the time range established by 

Kuo et al. (2009). As can be seen in Figure 13, individual differences in mean amplitude of the 

N2pc component within this time range correlated significantly with devaluation, r(14) = .467, p 

= .034. We also observed a similar pattern within the earlier time range, r(14) = .577, p = .019 

(Figure 14). Participants who had exhibited larger N2pc-like activity in response to the post-cue 

tended to devalue working-memory distractor stimuli relative to target stimuli. This result 

converges with that of Kiss et al. (2007); however, while they found a relationship between N2pc 

latency and devaluation, the relationship we report here is between mean amplitude and 

devaluation. We did not find a relationship between N2pc latency and devaluation during either 

the time period used by Kuo et al. (2009; i.e., 1290-1350 ms post memory array), r(14) = .201, p 

= .456, or during the earlier time range (i.e., 1170-1230 ms post memory array), r(14) = .427, p = 

.099. The different loci of these relationships may reflect the underlying differences between 

visual search tasks, in which there is value to quickly attending/inhibiting stimuli before they 

disappear from the environment, and working memory tasks, which are not speeded. Regardless, 

whether participants ignore stimuli in the environment or those represented solely in memory, 
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greater attention-related activity, as indexed by the N2pc and N2pc-like activity, is associated 

with more effective inhibition of distractors and, in turn, greater devaluation of distractor stimuli. 

 

 
Figure 13. Relationship between participants’ N2pc mean amplitude following the post-cue 

during the time-window used by Kuo et al. (2009) and participants’ magnitude of devaluation of 

ignored distractors in working memory. 

 

 
Figure 14. Relationship between participants’ N2pc mean amplitude following the post-cue 

during the earlier time period when a negative peak is visible in Figure 11 and participants’ 

magnitude of devaluation of ignored distractors in working memory. 
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Discussion – Chapter 2 

In the present study we replicated and extended a previous finding in our lab of working-

memory distractor devaluation by measuring event-related potentials to specifically examine 

how differences in the working-memory CDA and selective-attention N2pc components may be 

linked to the devaluation of working-memory distractors. Participants consistently rated 

previously ignored working-memory distractors more negatively than prior targets. Our 

observation of a strong CDA component throughout the memory-retention interval confirmed the 

involvement of visual working memory resources throughout the target-selection task. Moreover, 

individual differences in the magnitude of the CDA amplitude following the post-cue positively 

correlated with the magnitude of working-memory distractor devaluation. An N2pc-like 

deflection was also observed time-locked to the post-cue, with individual differences in the 

amplitude of this attentional-selection component likewise correlated with the subsequent 

magnitude of working-memory distractor devaluation. Thus, individual differences in the 

capacity to select target information while resisting distraction from task-irrelevant information 

within visual working memory, and in the availability/allocation of visual working-memory 

resources, were both predictive of the extent to which the ignored stimulus-representations 

became affectively devalued. Together, these behavioural and electrophysiological findings 

support the conclusions that the affective devaluation of stimuli whose representations are 

ignored in visual working memory is linked to both working memory and selective attention, and 

that there is variability in individuals’ capacity to display such cognition-emotion interactions.  

Many prior studies of distractor devaluation have included a novel baseline condition in 

which ratings were obtained for previously unseen items with no history of being either attended 

or ignored in prior trials (De Vito & Fenske, 2017; Duff & Faber, 2011; Goolsby, Shapiro, 

Silvert, et al., 2009; Goolsby, Shapiro, & Raymond, 2009; Griffiths & Mitchell, 2008; Kihara et 

al., 2011; Martiny-Huenger et al., 2014; Raymond et al., 2003; Veling et al., 2007). The typical 

finding from these studies is that distractors are rated more negatively than novel-baseline items, 

while ratings of targets do not differ from those of novel-baseline items (i.e., distractor 

devaluation, not target valuation). The finding of devaluation compared to novels is not 

exclusive to external sensory stimuli, as our investigation using a Think/No-think task showed 

that suppressed no-think items held solely in long-term memory are devalued compared to 

baseline items (De Vito & Fenske, 2017). Our observation in the current investigation that 
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participants liked working-memory distractors less than working-memory targets is consistent 

with this collective group of prior findings using external sensory stimuli and representations 

held in long-term memory. However, the lack of a novel-baseline condition in our study means 

that we can not unequivocally conclude that the differences we observed reflect increases in 

negative affect for stimuli whose representations were ignored in working memory, rather than 

increases in positive affect for stimuli whose representations were attended in working memory. 

One of the questions we asked was whether individual differences in the N2pc 

component elicited by post-cues would correlate with devaluation. While we did observe a brief 

negative-going potential at posterior electrodes contralateral to the cued memory target that 

resembled an N2pc (i.e., the peak in Figure 11 referred to as the Early N2pc), the latency of this 

component was shorter than expected. Indeed, the peak latency of this component (about 150 

ms) falls just outside of the N2pc time range typically examined for both shifts in attention 

within external space (~180-280 ms; Jolicœur, Brisson, & Robitaille, 2008) and shifts in 

attention within working memory (240-300 ms, Kuo et al., 2009). Despite the unexpected 

latency, there is reason to believe this negative potential reflects N2pc-like activity. This 

potential is a difference between contralateral and ipsilateral electrodes. Such a lateralized 

difference could be driven by sensory events that differ across the left and right visual 

hemifields; however, the only consistent lateralized sensory difference in our task was the post-

cue stimulus, and this stimulus was designed to produce minimal sensory stimulation and to be 

similar to cues used in previous working memory tasks where no such component was observed 

(Kuo et al., 2012). If this lateralized potential is not driven by sensory events, then it can only be 

a consequence of spatially specific cognitive operations, such as spatial attention and working 

memory. Given that modulations of working memory related activity (i.e., the CDA) tend to 

emerge even later than the N2pc (Jolicœur et al., 2008), it is unclear what else could be driving 

this early potential other than a spatial-attentional mechanism. To date, there has been relatively 

little investigation of the N2pc component following attentional shifts within working memory. 

Thus, further study will likely be needed within this area to definitely interpret our observed 

potentials. That said, our observations that individual differences in N2pc-like activity —both 

within the typical N2pc time range and within the time range in our study showing the most 

prominent deflection—predict the subsequent magnitude of working-memory distractor 

devaluation nicely converges with the link between N2pc magnitude and distractor devaluation 



 64 

observed by (Kiss et al., 2007) in their external attention study.  

Another open question we had at the outset of this study was whether our post-cues 

would be associated with an increase or decrease in CDA amplitude. Given that two previous 

studies have shown a decrease in CDA amplitude following a spatial post-cue (Duarte et al., 

2013; Kuo et al., 2012)—ostensibly reflecting the removal of uncued items from memory—one 

might have expected our results to mirror this effect. However, recent unpublished findings by 

Tsubomi et al. (2015) are inconsistent with these past results. They found a decrease in CDA 

amplitude when participants were instructed to remove all items from working memory, but not 

when participants were cued to selectively remove only some. In our study, rather than 

decreasing or remaining constant, the CDA component exhibited a marginally non-significant 

increase in amplitude following the post cue. Moreover, individuals showing larger CDA 

amplitudes at this point also subsequently showed greater amounts of working-memory 

distractor devaluation. While it is possible that this relationship is due to target-liking as a result 

of a strengthened target representation, this pattern seems to be best explained by the findings of 

Goolsby, Shapiro, and Raymond (2009). In their study, the stimuli and basic procedure closely 

resembled that of both Raymond et al. (2003) and the previous investigation in our lab using pre-

cue visual search trials, with the exception that they manipulated the availability of visual 

working memory resources by requiring participants to maintain different amounts of unrelated 

information in memory throughout the visual-search task. They found that the relative 

devaluation of prior distractors, which was otherwise robust, was eliminated when visual search 

was performed under conditions of high working-memory load. Based on these findings, 

Goolsby et al. concluded that visual working memory is a key stage of processing within which 

inhibition may impact how stimulus value is coded and stored, and their findings have since been 

replicated in a sample of individuals with schizophrenia (Strauss et al., 2012). Because the CDA 

has been established as a reliable index of individual differences in working memory capacity 

(Vogel & Machizawa, 2004), our observation that individuals with greater post-cue CDA 

amplitude show greater working-memory distractor devaluation provides converging evidence 

that the availability of visual working memory resources does indeed play a critical role in 

supporting distractor devaluation (Goolsby, Shapiro, & Raymond, 2009). Whereas Goolsby et al. 

showed that working memory resources must be available for the distractor devaluation effect to 

take place, here, using an ERP-marker of working memory processing—the CDA component—
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we have shown at an individual differences level that working memory processing clearly 

corresponds to the level of distractor devaluation. Therefore, these findings support those of 

Goolsby et al. by showing that working memory resources play a critical role in the distractor 

devaluation effect. More broadly, while past research has demonstrated a link between trial-by-

trial fluctuations in inhibition and subsequent distractor devaluation (Kiss et al., 2007), our 

findings linking the post-cue N2pc and CDA to devaluation are the first to suggest that 

individual differences in attention- and memory-related processes are linked to individual 

differences in the magnitude of distractor devaluation.  

There has been some disagreement regarding whether distractor devaluation is indeed 

caused by inhibition. Dittrich & Klauer (2012) used Eder and Rothermund's (2008) evaluative 

coding principle to develop an alternative to the devaluation-by-inhibition explanation, whereby 

distracting stimuli are rated more negatively than targets because of evaluative codes associated 

with each stimulus type through experimental instructions. It is not possible for this account to 

explain the clear links we observed between specific attention- and working-memory 

neurocognitive operations and subsequent ratings. Indeed, the association we observed between 

individual differences in the CDA and N2pc components and in the devaluation of working-

memory distractors speaks more clearly in support of a critical role in how efficiently targets can 

be attended within visual working memory— an act aided by inhibition of working-memory 

distractors— and the availability of working-memory resources in determining subsequent 

affective responses to prior distractors. These results align well with the findings reported in 

Chapter 1. Chapter 1 involved a test of opposing predictions arising from the evaluative-coding 

and devaluation-by-inhibition hypotheses using an electrophysiological marker of attentional 

inhibition—the Pd component— in a task that required participants to avoid interference from 

abstract-shape distractors presented while maintaining a uniquely colored stimulus in memory. 

Importantly, the results of this investigation in Chapter 1 confirmed all of the devaluation-by-

inhibition predictions, including the finding that fluctuations in distractor inhibition, as indicated 

by the magnitude of the Pd component, are closely associated with subsequent affective 

evaluations of the prior distractors. In contrast, none of the evaluative-coding based predictions 

were confirmed (see also Gollwitzer et al., 2014; Martiny-Huenger et al., 2014). Thus, while 

there are still questions to be addressed about how inhibition might lead to stimulus devaluation, 
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the bulk of the evidence to date is consistent the hypothesis that attentional suppression of visual 

distractors leads to their affective devaluation.  

The findings that I report here extend an ongoing discussion that is centered on the notion 

that inhibitory processes can be separated into active and passive inhibition (Baddeley, 1998; 

Hofmann, Schmeichel, & Baddeley, 2012; Munakata et al., 2011). Active inhibition refers to the 

effortful inhibition that is applied through the use of top-down cognitive control such as the 

inhibition used in directed forgetting or response inhibition (e.g., Go/No-go) tasks. Passive 

inhibition, on the other hand, refers to situations where active target representations are 

amplified, and as a result alternative competing representations are inhibited through diffuse 

lateral inhibitory connectivity. In a recent investigation we demonstrated that using active 

inhibition processes to prevent the recall of long-term memory representations (i.e., during a 

Think/No-think task) results in their affective devaluation (De Vito & Fenske, 2017). This result 

aligns with findings by Vivas et al. (2016) who also showed devaluation following active 

inhibition that was applied during a directed forgetting paradigm. Collectively, these results 

suggest that active inhibitory processes result in affective devaluation. In previous investigations 

we have discussed the possibility that active inhibition may be the only type of inhibitory 

processes that lead to devaluation – a suggestion that was based on a finding of no devaluation 

following a retrieval-induced forgetting paradigm, a task thought to possibly involve passive 

inhibition (Janczyk & Wühr, 2012). However, the results reported in this manuscript add to this 

discussion. The demonstration of devaluation of distracting representations held in working 

memory seems to suggest that devaluation can also result when passive inhibition is used to 

resolve interference from competing representations and therefore facilitate focusing on a task-

relevant target stimulus. Therefore, the results reported here not only suggest that the relationship 

between inhibition and devaluation extends to the domain of working memory, but also provide 

evidence in support of the hypothesis that various types of inhibitory processes can lead to 

devaluation. 

The main finding reported here, that ignored items in visual working memory are liked 

less than working-memory targets is consistent with the view that inhibition-related stimulus 

devaluation is a widespread phenomenon. Stimulus devaluation has been found following many 

types of tasks involving attentional inhibition to avoid distraction, including preview-search, 

two-item localization tasks, and large-array visual search (see Fenske & Raymond, 2006; 
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Raymond, 2009 for reviews). The devaluation of inhibited items has also been observed 

following tasks involving response inhibition (Kiss et al., 2008), as well as the suppression of 

representations in longer-term memory (De Vito & Fenske, 2017; Vivas et al., 2016). Might it be 

the case that inhibition always leads to devaluation? There are two studies that suggest the 

answer to this question is not completely clear cut. Janczyk and Wühr (2012), for example, 

paired a retrieval-induced forgetting paradigm with stimulus evaluations and did not show 

affective consequences following this task; however, it has been questioned if retrieval-induced 

forgetting indeed employs inhibitory processes (Murayama, Miyatsu, Buchli, & Storm, 2014). 

As well, the fact that Goolsby, Shapiro, and Raymond, (2009) as well as Strauss et al. (2012) 

found that distractor devaluation is eliminated when working memory is loaded with stimuli that 

are irrelevant to the current attention task suggests that certain factors must be in place in order 

for inhibition to lead to devaluation (i.e., the availability of working memory resources). Our 

findings add to the growing evidence that distractor devaluation is a broad phenomenon that 

generalizes across many tasks, and the inhibition of many types of representations.   
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Chapter 3: Affective evidence that inhibition is involved in separating accessory 

representations from the active representation in visual working memory. 

 

The information presented in this chapter has been submitted for publication. Minor alterations 

have been made to the submitted version in the following. The original manuscript can be found 

here: 

De Vito, D., & Fenske, M. J. (2018, April 10). Affective evidence that inhibition is involved in  

separating accessory representations from the active representation in visual working 

memory. Retrieved from psyarxiv.com/abjmt 

 

Trying to locate your car in a crowded parking lot is a situation that many people 

experience quite frequently. Success in this task is dependent on the ability to direct attention 

towards your car (i.e., the task-relevant stimulus) while preventing distraction from task-

irrelevant items. And the ability to quickly find such a target object is aided by maintaining a 

representation of that item in visual working memory, which acts as an attentional template to 

help guide search (Carlisle & Woodman, 2011; Wolfe, 1994). According to the biased 

competition model, maintaining a target representation in working memory aids search by pre-

activating neurons in visual cortex that code for the features associated with the target (Desimone 

& Duncan, 1995). This pre-activation of neurons biases attentional processing in favour of 

external sensory items that share features with the attentional template, causing attention to be 

drawn towards (i.e., captured by) memory-matching items. It makes sense that this kind of match 

between the contents of working memory and information in the external world would be helpful 

for doing something like finding your car. 

But what happens when the information being held in working memory is not 

immediately relevant to the task at hand, but must nevertheless be maintained for some later use? 

Is attention still biased toward external sensory stimuli that match the features of this kind of 

working memory representation? Perhaps not. Recent findings suggest that representations in 

working memory are maintained in one of two different states depending on their current 

relevance (Olivers et al., 2011). While immediately relevant representations, such as an 

attentional target template, are placed in an ‘active’ state, representations that are not 

immediately relevant but are being preserved for later use are placed in an ‘accessory’ state. 
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Importantly, the likelihood that selective attention is drawn to external stimuli that match the 

contents of working memory appears to be much greater for active representations than for 

accessory representations (Houtkamp & Roelfsema, 2006), which thereby limits the interference 

that might otherwise result if attention were drawn to stimuli that match currently irrelevant 

working memory representations (Downing & Dodds, 2004; Peters, Goebel, & Roelfsema, 2009; 

Woodman & Luck, 2007). While evidence regarding the existence and basic characteristics of 

these different memory states continues to grow (Eimer, 2015; Olivers et al., 2011; van 

Moorselaar, Theeuwes, & Olivers, 2014), the exact neurocognitive mechanisms that are used to 

separate the accessory representations from the active representations in working-memory 

remain unclear.  

One possibility regarding the separation of accessory representations from the active item 

in working memory is that inhibition is applied when an item is determined to be currently 

irrelevant to reduce its activity in the sensory regions that code for its specific features (Peters et 

al., 2012). While the accessory representations would still be maintained in working memory so 

that they could be used later on, and would therefore maintain a level of activation above 

baseline, inhibition would be used to reduce their activity level below that of the active item. 

Other accounts, however, do not posit a role for inhibition, per se, but instead characterize the 

difference between accessory and active states as being about differences in magnitude of 

cortical amplification that increase from baseline levels (Lewis-Peacock, Drysdale, Oberauer, & 

Postle, 2012) or from a relatively smaller subset of neurons (Kornblith, Quian Quiroga, Koch, 

Fried, & Mormann, 2017) to maximal levels across a much larger number of neurons, 

respectively. Therefore, while both hypotheses suggest that accessory representations would 

maintain a certain level of activation because they are being held for a later task, they differ 

regarding their proposed involvement of inhibition. To test these competing accounts we sought 

evidence of the possible involvement of inhibition in separating accessory working memory 

representations from the active representation. Specifically, we examined whether a marker of 

inhibition—the distinctly negative affective evaluations that result from the inhibition of sensory 

stimuli (Raymond et al., 2003), their representations in memory (De Vito & Fenske, 2017; Vivas 

et al., 2016) or associated motor-responses (Fenske et al., 2005; Kiss et al., 2008)—would be 

evident in the stimulus ratings of items that had just been maintained in visual working-memory 

in an accessory state. Finding affective devaluation of prior accessory items, relative to baseline 
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and prior active items, would be consistent with the view that inhibition is used to reduce the 

activation of currently irrelevant working-memory items in an accessory state below the 

activation level of the active memory representation. In contrast, positive affective evaluations 

can be indicative of increasing levels of active stimulus representations (Craver-Lemley & 

Bornstein, 2006; Kirby & Greenwald, 2017; Nunoi & Yoshikawa, 2016; Yagi, Ikoma, & 

Kikuchi, 2009). Therefore, finding similar or more positive affective ratings for prior accessory 

items than baseline items would not be consistent with an inhibition account of the difference 

between accessory and active states, but would instead be consistent with an account based on 

differences in cortical amplification of the corresponding neural representations.  

 

Inhibition leads to Stimulus Devaluation 

The evidence that inhibition is linked to the affective devaluation of associated visual 

stimuli consists of the typical finding that items that appear in experimental conditions thought to 

require inhibition for successful task performance subsequently receive more negative affective 

ratings than previously unseen baseline items or items from conditions thought to involve no 

inhibition (Fenske & Raymond, 2006; Gollwitzer et al., 2014; Raymond, 2009). Such evidence 

has accumulated across a variety of attention tasks that require participants to avoid interference 

from distractors, including those involving two-item target localization (Raymond et al., 2003), 

simple-feature and difficult-conjunction search (Raymond et al., 2005), preview search (Fenske 

et al., 2004), and central-target discriminations (Martiny-Huenger et al., 2014). Affective 

devaluation also occurs for stimuli from which a motor-response has been withheld in Go/No-go 

(Kiss et al., 2008) and Stop-signal (Wessel & O’Doherty, 2014) tasks, and whenever a mental 

representation of the item is ignored in working memory (De Vito et al., 2018) or is suppressed 

in long-term memory during Think/No-Think (De Vito & Fenske, 2017) or item-based directed-

forgetting (Vivas et al., 2016) tasks.  

 

Stimulus Devaluation as an Index of Inhibition 

The consistency of the link between inhibition and subsequent negative stimulus ratings 

has prompted some researchers to begin using stimulus devaluation as a critical indicator of the 

potential involvement of inhibition in a given visual task (Fenske et al., 2004; Kihara et al., 

2011). Kihara et al. for example, used stimulus evaluations to resolve uncertainty about whether 
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the attentional blink—the impairment in identifying the second of two visual targets when it 

follows within 500 ms of the first (Raymond, Shapiro, & Arnell, 1992)—is a result of inhibition. 

According to the inhibition account, the deficit in target processing is caused by inhibition 

triggered by an intervening distractor that not only reduces interference from the distractor but 

also inadvertently impacts other processing for a brief period thereafter (Olivers & Meeter, 

2008). Kihara et al. found that intervening distractors from trials showing the attentional blink 

effect were affectively devalued, as would be expected if they had been inhibited. The authors 

took this close link between the affective marker of inhibition and the occurrence of the 

attentional blink as strong support for the inhibition account over other competing explanations. 

Fenske et al. (2004) found that the occurrence of distractor devaluation was predictive of 

another attention-related effect posited to involve distractor inhibition—the preview benefit in 

visual search (D. G. Watson & Humphreys, 1997, 2000). In the critical preview trials of this task, 

a subset of distractors is presented for a brief period before the search target and the remaining 

distractors. The benefit of this preview is faster localization of the target on preview trials than 

on non-preview trials (in which all distractors appear simultaneously with the target). Affective 

ratings obtained by Fenske et al. after search trials revealed that previewed distractors are 

devalued relative to non-previewed distractors, but this only occurs for participants who show 

the preview benefit. This close link between the occurrence of the preview benefit and the 

affective marker of inhibition was taken by the authors as converging support for the distractor-

inhibition account of the preview benefit over other competing non-inhibition accounts.  

By using stimulus devaluation as an index of the potential involvement of inhibition 

within a visual task, the experimental approach taken here is therefore similar to that of both 

Kihara et al. (2011) and Fenske et al. (2004).  

 

Positive Affect as an Index of Active Stimulus Representations 

Just as negative affective evaluations can be indicative of attention-, memory-, and 

response-related inhibition, positive affective evaluations can be indicative of increasing 

activation of stimulus representations (Craver-Lemley & Bornstein, 2006; Kirby & Greenwald, 

2017; Nunoi & Yoshikawa, 2016; Yagi et al., 2009). Stimulus repetition, for example, is a well-

established method of raising the activation level of the cortical representations of visual objects, 

which acts to facilitate their processing in subsequent encounters (Henson & Rugg, 2003; 
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Schacter & Buckner, 1998; Vorberg, Mattler, Heinecke, Schmidt, & Schwarzbach, 2003; Zago, 

Fenske, Aminoff, & Bar, 2005). The mere exposure effect—the increase in stimulus liking that 

accompanies increases in stimulus repetition (Zajonc, 1968, 2001)—is therefore a classic 

example of the link between the amplification of stimulus representations and positive affect. 

More recent work suggests further that increases in the depth of processing and extent to which a 

stimulus is actively brought to mind and maintained in working memory is also accompanied by 

corresponding increases in positive evaluations of such items (Craver-Lemley & Bornstein, 

2006; Inoue, Yagi, & Sato, 2018; Kirby & Greenwald, 2017; Nunoi & Yoshikawa, 2016).  

In Kirby and Greenwald's (2017) investigation, for instance, stimuli that participants were 

asked to mentally rehearse while completing other cognitive tasks subsequently received more 

positive ratings than stimuli that were not held in memory, but were otherwise comparable in 

terms of stimulus exposure and other critical factors. Furthermore, this effect of memory 

maintenance on increasingly positive stimulus evaluations was robust across a variety of 

stimulus types and intervening tasks. A clear prediction from these results is that the amplified 

cortical response needed to represent stimuli in an active state in visual working memory should 

result in significantly more positive affective evaluations of these items than baseline items or 

prior accessory-state items. But what about accessory items relative to baseline? If an accessory 

state is achieved through cortical representations that are maintained at a baseline level of 

activation (Lewis-Peacock et al., 2012) or are amplified in some neurons but not a sufficiently 

large number to be in an active state (Kornblith et al., 2017), then ratings of prior accessory items 

should be similar to or slightly more positive than those of baseline items, but not as positive as 

prior active items. Thus, in terms of affective evidence that might distinguish between an 

inhibition-based account and a levels-of-amplification account, the critical question is whether 

affective ratings of prior accessory items are more negative or similar / more positive than 

baseline items.  

 

Testing the Competing Hypotheses 

To test the competing predictions that visual working-memory representations in an 

accessory state are associated with more negative evaluations (inhibition hypothesis) or similar / 

more positive evaluations (levels-of-amplification hypothesis), we integrated a stimulus rating 

procedure within a working-memory paradigm that utilizes retro-cues to manipulate whether 
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visual stimuli are maintained in an active or accessory state (van Moorselaar, Olivers, Theeuwes, 

Lamme, & Sligte, 2015; van Moorselaar et al., 2014). On each trial of our experiment, 

participants memorized four meaningless visual patterns. After the array of to-be-memorized 

items disappeared, a retro-cue appeared indicating which of the memorized items should become 

the active focus of an upcoming memory test (i.e., is this the cued item?) and which should be 

reserved for a second memory test later on. van Moorselaar et al. (2015, 2014) established that 

the immediate relevance of such retro-cued items for the upcoming memory probe caused them 

to become represented in an active state, whereas the remaining non-cued items were maintained 

in an accessory state. To verify the effectiveness of this procedure for creating active vs. 

accessory working-memory states, we included a subset of trials for one group of our 

participants (i.e., the Search group) in which a retro-cue was immediately followed, not by a 

memory probe as expected, but rather a visual search task in which one of the distractors 

matched the colour of the cued item (i.e., the active item), one of the uncued items (i.e., an 

accessory item), or was a novel colour (i.e., baseline). If our modified version of van Moorselaar 

et al.'s (2014) retro-cue procedure is effective at manipulating whether working memory 

representations are maintained in active versus accessory states, then we expect the results of 

these visual search trials to replicate their past findings that a memory-matching distractor 

captures attention and significantly slows down target localization only when the distractor-

matching working-memory representation is in an active state and not when it is in an accessory 

state. This is exactly what we found. 

All of our participants (i.e., the Search group and No Search group) completed trials that 

integrated stimulus ratings (How cheerful is this item?) within working-memory retro-cue trials. 

For the critical experimental trials, the rating display occurred immediately after the appearance 

of a retro-cue that indicated which of the four items from the initial visual array was to be the 

active focus for the impending memory test, and which were to be reserved for a second memory 

test later on. The to-be-rated stimulus on each of these trials was either the cued (active-state) 

item or one of the uncued (accessory-state) items. To provide a proper baseline against which 

these accessory-item and active-item ratings could be compared, we intermixed the critical trials 

with baseline trials in which the stimulus-rating display appeared immediately after the initial 

visual array, prior to the appearance of a retro-cue. While little is known about the exact point at 

which working-memory representations are differentiated into active and accessory states, 
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existing evidence suggests that it does not happen until information about their relative priority 

becomes available; for instance, upon the presentation of a retro-cue. van Moorselaar and 

colleagues (2015, 2014), for example, have demonstrated that when multiple items of equal 

relevance are maintained in visual working memory, none of the representations guided attention 

unless a retro-cue appeared to indicate which should receive priority. Therefore, in our baseline 

condition, in which participants have encoded four items into working memory, but have not yet 

been presented with any cues to indicate relative priority, all four working-memory 

representations should have equal relevance and not yet be differentiated into active or accessory 

states. The appropriateness of the ratings of these items as a baseline for assessing the affective 

impact of the processes that differentiate working-memory representations into active and 

accessory states therefore concerns the fact that our baseline ratings are evaluations of items 

from the same stimulus set as the active and accessory items that are matched in level of sensory 

exposure, but have neither been fully set into an active state in working memory nor into an 

accessory state.  

The extent to which our affective-rating results can help to distinguish between the 

inhibition-based account and a levels-of-amplification account of how visual stimuli are 

represented in different working-memory states, primarily concerns whether evaluations of prior 

accessory items are found to be more negative or similar to (or more positive) than those of 

baseline items. To preview our results, ratings of prior accessory items were more negative than 

those for baseline items and prior active items in both groups of participants. 

 

Experiment 3 - Method 

 Participants. Fifty-two undergraduate students were recruited using the participant pool 

at the University of Guelph and participated in the experiment in exchange for course credit. 

Twenty-four participants were randomly assigned to the No Search Group, while the remaining 

twenty-eight participants were assigned to the Search Group. All of the participants provided 

informed consent and all had normal or corrected-to-normal vision. Three participants were 

removed from the data analysis because they scored an overall accuracy below chance (i.e., 

25%). This resulted in a final sample size of N=49 participants (Age: M = 19.1 years, SD = 1.95; 

17 females, 23 right-handed) combined across both groups. The size of this total sample was 

consistent with the samples of 40–50 participants used in previous investigations of the affective 
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consequences of inhibition (e.g., Fenske et al., 2004; Ferrey et al., 2012; Raymond et al., 2005). 

The appropriateness of this sample size was confirmed using G*Power (Faul et al., 2007), which 

indicated that 45 participants would be needed to detect a similar-sized effect on stimulus ratings 

as in these studies (dz = .5). The sample size of the subset of 26 participants that comprised the 

Search Group was also chosen to be consistent with the samples of 15-25 participants used in 

previous investigations of attentional capture by memory-matching distractors (van Moorselaar 

et al., 2015, 2014).  

  

Apparatus & stimuli. The stimuli used for this experiment were the same as those used 

in Chapter 2 (De Vito et al., 2018: Experiment 2) in our demonstration that stimuli whose 

representations are ignored in visual working memory become affective devalued. The Mondrian 

stimuli (1.45˚ x 1.45˚) were created using a script in E-Prime (Psychology Software Tools, 

Pittsburgh, PA) that randomly generated 200 overlapping squares (each between 10-30% of the 

width of the full stimulus) within a larger square border. All of the overlapping squares in each 

stimulus were originally drawn to be the exact same colour (Blue, Green, Orange, Pink, Purple, 

or Yellow). Later, Adobe Photoshop was used to make the overlapping squares within each 

stimulus varying degrees of the main initial colour. Five-hundred stimuli of each of the main 

colours were used, for a total of three-thousand stimuli. For the No Search Group, only the Blue, 

Green, Purple, and Yellow stimuli were used. For the Search Group we replaced the Yellow 

stimuli with Orange to improve singleton salience, and also needed an additional fifth colour to 

incorporate novel singletons so we added Pink stimuli. All stimulus presentation and behavioral 

response collection for this experiment were controlled using PsychoPy software (Peirce, 2007) 

running on a personal computer with a 50.8 cm LCD monitor (resolution: 1920 x 1080 pixels). 

Participants sat at a viewing distance of approximately 71 cm from the monitor. 

 

Experimental Procedure. All of the materials and procedures used in this experiment 

were approved by the Research Ethics Board at the University of Guelph.  

All participants completed experimental trials that combined a retro-cue working-

memory task and an affective-evaluation task. There were two types of these Memory + 

Affective-evaluation trials that differed only in the point at which the Affective-evaluation 

display was presented to obtain stimulus ratings. In the Critical trials, the Affective-evaluation 
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task occurred immediately after a retro cue appeared to induce just-memorized stimulus 

representations to be in active or accessory states. In Baseline trials, the Affective-evaluation 

task occurred before the retro-cue and thus enabled ratings to be obtained of just-memorized 

stimuli before their corresponding working-memory representations could be fully set into active 

or accessory states. In addition to the Memory + Affective-evaluation trials, participants in the 

Search group completed trials that combined a retro-cue working-memory task with a visual-

search task. The No Search group participants completed a total of 128 trials, comprised solely 

of Memory + Affective-evaluation trials (64 critical trials; 64 baseline trials). The Search group 

participants completed a total of 136 trials, comprised of 64 Memory + Affective-evaluation 

trials (32 critical trials; 32 baseline trials) and 72 Visual-search trials.  

 

Baseline trials. Each new trial began with a 500 ms presentation of the word “Memorize” 

at display center, followed by a 250 ms central fixation cross, and the appearance of the memory 

array. Each memory array consisted of four stimuli located 2.42˚ away from fixation in one of 

the four corners of an imaginary square (see Figure 15). Stimuli used for each array were 

randomly selected with the constraint that the main colour was different for each of the four 

items. A staircase procedure was used to increase or decrease the presentation duration of the 

memory array based on the recent accuracy of the participant’s memory-test responses. At the 

beginning of the experiment the to-be-memorized items were presented for 500 ms. Accuracy 

was calculated following each trial. Trials where the participant responded correctly to both 

probe stimuli were classified as correct, while responding correctly to only one or neither of the 

probe stimuli meant that the trial was classified as incorrect. When accuracy over the four 

previous trials exceeded 75%, the presentation duration of the memory array decreased by 50 

ms; when accuracy fell below 75%, the duration increased by 50 ms. The only constraint to this 

staircase procedure was that memory-array display duration always remained between 150-1000 

ms. Following the disappearance of the memory array, there was an 800 ms retention interval 

during which only the central fixation cross was visible. This was followed by the Affective-

evaluation task.  

The Affective-evaluation task began with a 500 ms presentation of the word “Evaluate” 

at display center to alert participants that an evaluation task was starting. A centrally presented 

to-be-rated stimulus was then presented with the numbers 1-2-3-4 centered horizontally 2.82˚ 
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below fixation for 1000 ms followed by a blank screen. Participants were asked to evaluate the 

to-be-rated stimulus based on its cheerfulness from 1 (not at all cheerful) to 4 (very cheerful) 

using the number keys in the top left corner of the keyboard. The rest of the trial—preceded by a 

250 ms central-fixation display— only resumed once the participant had made a response. 

The first retro-cue followed immediately after the Affective-evaluation task. The retro-

cue was a 200 ms central arrow that pointed to the location of one of the four memorized items 

(pointed-to location counterbalanced across trials). Its appearance alerted participants to 

remember the item that had appeared in that location for an upcoming memory test. The retro-

cue was 100% valid in that the cued item was always the focus of the memory test. The 

disappearance of the first retro-cue was immediately followed by another 800 ms retention 

interval.  

The memory test regarding the item indicated by the first retro-cue followed immediately 

after the retention interval, and began with a 500 ms appearance of the word “Same?” at display 

center to alert the participants of the upcoming memory probe. A 250 ms central-fixation display 

separated this alert display and the subsequent 1000 ms appearance of the memory probe at 

display center. As the purpose of the memory probe was to ensure that participants had good 

memory for the memory array, while maintaining a high level of difficulty, all four items from 

the memory array could appear as the memory probe stimulus. On 50% of the trials the memory 

probe was the cued stimulus from the memory array, while on the other 50% of the trials, the 

probe was one of the three uncued stimuli from the memory array. Using the up and down arrow 

keys, participants pressed one key to indicate if the probe matched the cued stimulus and the 

other if it did not match (key-to-response assignment counterbalanced across participants). 

Participants were able to respond at any point during the presentation of the memory-probe item 

or the blank display that followed its disappearance. The rest of the trial, which consisted of a 

second retro-cue and memory-probe sequence, only proceeded once the participant had made a 

memory-test response.  

As we were interested in the differences in affective evaluations of items held in different 

states of working memory, it was crucial that participants maintained all items in working 

memory through the conclusion of the evaluation task. If items became irrelevant after the first 

retro-cue then participants would have no motivation to maintain items in accessory memory. To 

confirm that participants were indeed maintaining items in memory following the first retro-cue, 
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each memory trial contained a second retro-cue and second memory probe that cued participants 

to an item in memory and tested its identity, respectively. The second retro-cue was preceded by 

an 800 ms central-fixation display and was otherwise similar in all respects to the first retro-cue, 

except that the location it pointed to was contingent on which location had been pointed to by the 

first retro-cue. Specifically, the second retro-cue only ever pointed to one of the two memory-

array locations in the opposite hemifield as that of the location indicated by the first retro-cue 

(i.e., if the first retro-cue had pointed to a location on the left-hand side of the display, then the 

second retro-cue would point to one of the two locations on the right-hand side). As always, the 

appearance of the retro-cue alerted participants to remember the item that had appeared in the 

cued location for an upcoming memory test. The timing and sequence of events for the second 

memory test was exactly the same as that for the first memory test (i.e., 800 ms retention 

interval, then 500 ms ‘Same?’ alert, then 250 ms central-fixation, then 1000 ms memory-probe, 

then a blank display until the memory-test response was provided). Similar to the first memory 

probe, any of the four memory items could appear as the second memory probe to maintain a 

high level of difficulty on the memory test. The second probe was the just-cued item from the 

memory array on 50% of trials, and one of three remaining (not-just-cued) items on the other 

50% of trials. 

 

Critical trials. The Critical and Baseline versions of the Memory + Affective-evaluation 

trials had the exact same timing and sequence of events, aside from the point at which the 

Affective-evaluation task occurred. This meant that the Critical Trials differed from the Baseline 

Trials in the following ways. On Critical Trials, the first retro-cue occurred immediately 

following the first retention interval. Following the second retention interval, that which 

followed the disappearance of the first retro-cue, was when the Affective-evaluation task 

occurred in which the cued item (i.e, the active item) or one of the uncued items (i.e., one of the 

accessory items) was presented as the to-be-rated stimulus. When an uncued item was selected to 

appear as the to-be-rated stimulus, it was always one of the items from the hemifield opposite to 

that of the cued location. The first memory test immediately followed the Affective-evaluation 

task. Finally, the item pointed to by the second retro-cue on Critical trials was never an uncued 

item presented as the to-be-rated stimulus during the immediately preceding Affective-evaluation 

task.  
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 The exact duration of each event and number of trials from each condition is shown 

separately in Table 1 for the No Search and Search groups. In general, both groups had the same 

timing and sequence of stimulus events for the Critical and Baseline trials, with the exception 

that the text alerts for each task were presented for 800 ms for the Search group (vs. 500 ms for 

No Search participants), and the memory-retention intervals were each 1000 ms in duration for 

the Search group (vs. 800 ms for No Search participants).  

 

Visual search task. The Visual-search trials were randomly intermixed with the Memory 

+ Affective-evaluation trials for participants in the Search group. Each began with the same 

memory-array, retention interval and retro-cue sequence of events that occurred at the start of 

each of the Critical trials, including the retention interval following that first retro-cue. In the 

Visual-search trials, however, participants were presented at this point with a search array 

consisting of eight Landolt C stimuli (Woodman & Luck, 2007), rather than the Affective-

evaluation display of the Critical trials. The appearance of the search array alerted participants 

that their task was to now find the single target item in the array and indicate as quickly and 

accurately as possible whether the gap in the target stimulus was at its top or bottom (all other 

items had a gap on the left or right). They were instructed to respond with the up-arrow key to 

indicate that the gap was at the top of the Landolt C stimulus or the down-arrow key to indicate 

that the gap was at the bottom. The eight stimuli in the search array were positioned around 

central fixation at equal intervals along a circular pattern, the center of each 2.02˚ from display 

center. The eight items included 1 target, 6 regular distractors, and 1 colour-singleton distractor. 

The target and distractors were always grey in colour. The colour of the singleton was novel, the 

same as the cued item, or the same as one of the uncued stimuli in the hemifield opposite to that 

of the cued location. The search array remained on the screen until the participant made a 

response. 

Prior to the experimental trials, participants completed 20 practice trials that otherwise 

exactly matched the experimental trials. For the No Search group, these practice trials included 

10 Baseline trials and 10 Critical trials. For the Search group, the practice trials included 7 

Baseline trials, 7 Critical trials, and 6 Visual-search trials. Participants received feedback after 

each response during the practice trials in the form of the word “Correct” or “Incorrect” 

displayed in the center of the screen for 150 ms. 
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Table 1.  

Number of trials and event durations (ms) for the No Search and Search groups. 

 
Group 

 Number of trials No-search  Search  
 Baseline 64 32 
 Critical 64 32 
 Search - 72 
     Event durations (ms) 

  
  

Word cues 500 800 
 Memory array 500 500 
 Retention intervals 800 1000 
 Retro-cues 200 200 
 Memory probes 1000 1000 
 Search array - till response 

 

 

Figure 15. Stimulus examples and sequence of trials. While participants in the No Search group 

only completed Baseline Trials and Critical Trials, participants in the Search group also 

completed Visual-search trials.  
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Experiment 3 - Results & Discussion 

Participants responded accurately to the first memory probe on 84.8% (SD = 9.3) of trials 

and to the second memory probe on 83.8% (SD = 10.8) of trials. As this investigation examined 

different states of representations in working memory it was critical that participants be able to 

maintain all representations through the length of each trial. Finding that participants responded 

correctly to both the first and second memory probe on 63.6% (SD = 17.9) of trials, well above 

chance level (i.e., 25%), confirmed that our staircase method of varying array presentation time 

was successful in maintaining a consistently high level of difficulty, while also ensuring that 

participants were able to maintain the memorized stimuli throughout the length of the trial. 

Participants responded correctly to both the first and second memory probes more frequently 

during baseline trials (M = 66.2%, SD = 2.0) than on critical trials (M = 61.1%, SD = 1.8), t(48) 

= 2.93, p = .005. This result suggests that presenting the evaluation task following the retro-cue 

did potentially interfere with memory encoding. While this result was not applicable to our 

particular hypotheses, it may inform future research that combines retro-cue tasks with 

secondary tasks (e.g., affective evaluation tasks).  

We therefore proceeded with our investigation of the affective consequences associated 

with manipulating the state of items in working memory. Our investigation was particularly 

interested in trials where participants maintained the memory items for the length of the trial, and 

errors are known to be associated with affective consequences (Chetverikov, 2014; Chetverikova 

et al., 2015) so we restricted our analysis of affective evaluations to trials where the participant 

was correct in their responses to both the first and second memory probes. This resulted in the 

removal of the ratings of 30% of Baseline items, 38% of Accessory Items, and 35% of Active 

Items. The affective ratings were entered into a 2(Group: No Search vs. Search) x 3(Stimulus 

Type: Baseline vs. Accessory Item vs. Active Item) mixed ANOVA. The results of the ANOVA 

showed a main effect of Stimulus Type, F(2,94) = 16.64, p < .001, η2
partial = .261. There was no 

main effect of Group, F(1,47) = .16, p = .693, η2
partial = .003, and no Stimulus Type x Group 

interaction, F(2,94) = 1.30, p = .277, η2
partial = .027. The lack of significant interaction or main 

effect of Group suggests that the presence of search trials did not influence the prioritization of 

representations in working memory and therefore did not influence affective ratings. 

Consequently, we investigated the effect of Stimulus Type by combining the affective rating 

results from both Groups into one larger analysis. Our finding that participants rated active 
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memory items (M = 2.95, SD = 0.48) significantly higher than baseline items (M = 2.72, SD = 

0.37), t(48) = 3.36, p = .002, replicates previous work showing that increases in depth of 

processing such as actively maintaining an item in memory is accompanied by increased positive 

evaluations (Craver-Lemley & Bornstein, 2006; Inoue et al., 2018; Kirby & Greenwald, 2017; 

Nunoi & Yoshikawa, 2016). Our novel finding here involves the affective ratings of accessory 

memory items. Paired-samples t-tests showed that participants rated accessory memory items (M 

= 2.51, SD = 0.40) significantly lower than baseline items (M = 2.72, SD = 0.37), t(48) = 3.40, p 

= .001, and active memory items (M = 2.95, SD = 0.48), t(48) = 4.94, p < .001. The finding that 

accessory memory items were rated more negatively than baseline items, as opposed to 

following a similar pattern as active items, specifically supports the inhibition hypothesis, rather 

than the levels of activation hypothesis. The devaluation of accessory items suggests that there 

are affective consequences associated with manipulating the states of representations in working 

memory, in particular with maintaining currently irrelevant representations for later use (i.e., in 

an accessory state). These findings of affective devaluation were not a product of varying 

stimulus exposure due to the staircase method, as a one-way ANOVA revealed that there was no 

significant difference in average encoding duration on trials where a Baseline (M = 0.83, SD = 

0.17), Accessory (M = 0.84, SD = 0.19), or Active item (M = 0.83, SD = 0.18) were evaluated, 

F(2,96) = 1.231, p = .297. Similar to previous investigations that have used stimulus devaluation 

as an index of the potential involvement of inhibition in a visual task (Fenske et al., 2004; Kihara 

et al., 2011), here we interpret the presence of affective devaluation to be an index of the 

involvement of inhibitory processes in separating representations in an accessory state in 

working memory from the active representation (Peters et al., 2012).  
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Figure 16. Affective Ratings for Baseline, Accessory, and Active items. Error bars represent 

within-subjects standard errors of the means. 

 

Participants responded accurately on the search task on 98.6% (SD = 2.0) of trials. 

Removing incorrect trials from the analysis therefore resulted in the removal of 1.4% of total 

trials, and data trimming removed an additional 2.7% of trials. To confirm if our retro-cue 

procedure was effective at manipulating the states of representations in working memory we 

analyzed the attentional capture during visual search of the three kinds of singleton distractors 

(i.e., active-matching, accessory-matching, and novel). Response times on trials where the 

singleton matched the colour of the currently active memory item (i.e., active-matching; M = 

1.33, SD = 0.39) were significantly slower than on trials where the singleton was a novel colour 

(M = 1.27, SD = 0.32), t(26) = 2.69, p = .012. However, there was no difference in response 

times on trials where the singleton matched the colour of an accessory item (i.e., accessory-

matching; M = 1.29, SD = 0.34) compared to trials when the singleton was a novel colour t(26) = 

1.35, p = .188. These findings suggest that our search task was effective in replicating past 

findings where only one item in memory can guide attention (Downing & Dodds, 2004; van 

Moorselaar et al., 2014), as items matching a feature of the cued (i.e., active) item significantly 

slowed response times. Visually inspecting the average response times shown in Figure 17 

clarifies that there was some nominal slowing of responses by accessory-matching singletons 

that did not reach significance. This finding aligns with findings of Houtkamp & Roelfsema 
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(2006) who found that accessory items captured attention in search in the absence of the active 

item. While we did not find significant attentional capture by accessory-matching items in the 

absence of the active item, Houtkamp and Roelfsema presented the actual accessory memory 

item in the array, while here we only presented items that matched a feature of the accessory 

memory item (i.e., colour).  

 

 

Figure 17. Response times on search task trials for participants in the Search Group. Error bars 

represent within-subjects standard errors of the means. 

 

Discussion – Chapter 3 

The multiple state account of working memory attempts to explain the mixed findings 

regarding whether attention is guided towards items that match features of the contents of 

working memory. The model hypothesizes that representations held in working memory are 

separated into two distinct states, with one representation being the focus of attention (i.e., 

active) and the remaining being held for future use (i.e., accessory; Olivers et al., 2011). The 

neurocognitive mechanisms underlying the apparent split between representations in working 

memory have only sparsely been investigated. Our experiment explored the competing 

hypotheses that accessory memory items undergo inhibition to reduce their level of activation 

below that of the active item (Peters et al., 2012), or instead simply undergo less activation than 

active memory items (Kornblith et al., 2017; Lewis-Peacock et al., 2012). Therefore, the two 

hypotheses differ only in regards to their proposed involvement of inhibitory processes. Similar 
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to Fenske et al. (2004) and Kihara et al. (2011), we used stimulus devaluation as an index of the 

presence of inhibitory processes.  

On each trial of our experiment, participants memorized a four-item memory array and 

then were asked to evaluate one of the memorized items (i.e., evaluation trials) or to complete a 

visual search task (i.e., search trials). Our results showed that on search trials participants took 

longer to respond (i.e., their attention was captured) when a distractor matched a feature of the 

active memory item, compared to a novel-coloured distractor. However, when the singleton 

distractor matched a feature of the accessory memory item, significant attentional capture was 

not found. This capture by active memory items replicates previous findings of a division of 

states within working memory (Houtkamp & Roelfsema, 2006; Olivers et al., 2011; van 

Moorselaar et al., 2014), whereby only one item in memory can guide attention. On evaluation 

trials, accessory memory items were significantly devalued compared to baseline items, 

suggesting that separating representations into different states in working memory has affective 

consequences for accessory items. Collectively, here we found that when a retro-cue is used to 

cue the focus of attention in working memory to a single representation, visual distractors 

matching features of the active memory item are more likely to capture attention than those 

matching features of accessory items, and accessory items also undergo an affective devaluation 

compared to baseline stimuli.  

Our previous research, reported in Chapter 2, used a similar methodology paired with 

EEG/ERP to show that ignoring working memory representations has negative affective 

consequences (De Vito et al., 2018: Experiment 2). However, on each trial of our previous study 

participants were only presented with one retro-cue and one memory probe following the 

memory array. Therefore, participants had no use for the uncued items following the retro-cue 

and therefore no incentive to maintain the uncued items in working memory. Our results here, 

showing that participants were successful in responding to the second memory probe, suggest 

that they were able to successfully maintain the uncued items in working memory following the 

presentation of the first retro-cue. Our previous investigation could not differentiate whether the 

affective devaluation of uncued items compared to cued items was a result of representations 

being re-prioritized in working memory or from uncued items being removed from working 

memory completely. Here, we show that affective devaluation of uncued items results from re-

prioritizing representations in working memory, while they are still being maintained in memory. 
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If the first retro-cue had caused participants to delete all uncued memory representations from 

working memory then it would be expected that participants would have performed at chance-

level accuracy when responding to the second memory probe, which was not the case.  

 Using a similar retro-cue and memory probe methodology as we used here, van 

Moorselaar et al. (2014) found that presenting a retro-cue between a memory array and a search 

task lead to attentional capture by search distractors that matched the cued item. Trials with no 

retro-cue showed no memory-driven capture. They suggested that presenting a retro-cue caused 

participants to move the cued representation into a prioritized active state, giving it the similar 

ability to capture attention as would be seen if only one single item was maintained in working 

memory. This suggestion implies that memorized items are immediately made accessory and 

then cued items are given a prioritized status. While the increased positive affect that we find to 

be associated with making a stimulus an active memory item does align with this hypothesis, our 

finding showing devaluation of accessory items does not. Our results suggest that the 

presentation of a retro-cue does not solely cause one item to be given a priority status, but causes 

items to be separated into a currently relevant active item and accessory items held in the 

background for later use. The devaluation that we found here of accessory items following a 

retro-cue compared to baseline items suggests that along with prioritizing the cued item, a retro-

cue causes uncued items to be inhibited and subsequently affectively devalued.  

Traditionally, inhibition’s involvement in visual search paradigms, such as preview 

search or search involving negative templates, has been to decrease the activation associated with 

irrelevant items and thereby facilitate search (Reeder, Olivers, & Pollmann, 2017; D. G. Watson 

& Humphreys, 1997, 2000). The key difference between these tasks and the role of inhibition in 

the differentiation of states in working memory is that accessory representations, which are 

possibly subjected to inhibition, are needed later on. If inhibition’s role in differentiating states in 

working memory is to facilitate search then it would be expected that search would be facilitated 

on trials that contained an accessory-matching singleton. However, our findings of similar search 

times on trials with an accessory-matching singleton compared to those with a novel singleton 

match the findings of many past investigations regarding the different states in working memory 

(van Moorselaar et al., 2015; van Moorselaar, Theeuwes, & Olivers, 2016; cf. Downing & 

Dodds, 2004). Collectively, these findings suggest that the role of inhibition during the 

differentiation of states, rather than being to facilitate search, may instead be to govern (but not 
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eliminate) the activation of accessory items to stay at no more than baseline levels to ensure that 

they can not guide attention but can easily be fully re-activated when needed for a task later on. 

These findings help to explain those of Lewis-Peacock et al. (2012) and Larocque et al. (2017) 

who examined the neural dissociation of items in working memory by pairing a retro-cueing 

method, similar to that used in our investigation, with a concurrent fMRI. These studies found 

that during the delay period that followed a retro-cue, the neural activity associated with the 

current-target (i.e., active) item remained constant while the activation associated with the now 

accessory representation, being held for later on, was reduced to baseline levels. The authors 

provided numerous possible alternatives to explain the decrease in accessory-associated 

activation following the retro-cue. These included the possibility that the representation of the 

accessory item may be maintained during the delay period via an increase in synaptic 

connections rather than electrical impulses. While determining the exact cause of the decrease in 

accessory-associated activation is beyond the scope of this current manuscript, the finding that 

accessory-associated activation is reduced to baseline levels but no further is consistent with the 

many cognitive-behavioural findings suggesting that the role of inhibition in this paradigm is not 

to facilitate search, but instead to limit accessory-associated activation until the accessory item is 

needed later on. 

Our finding that currently irrelevant items undergo inhibition that reduces their influence 

during search aligns with another well-known cognitive-behavioural paradigm, preview search. 

Fenske et al. (2004) found that the inhibition underlying preview search is accompanied by a 

devaluation of previewed distractors. The devaluation in our results that takes place following 

the presentation of a retro-cue implies that the inhibition that caused the devaluation would have 

to have been applied directly to representations in memory. This differs from Fenske et al.’s 

findings regarding devaluation in preview search but yields a similar result, that is, devaluation 

of the task-irrelevant stimuli. It seems as though a similar mechanism causes devaluation for 

both externally present stimuli as well as those present at the interface between attention and 

working memory.  

In the experiments reported in Chapter 1, we found that using inhibitory processes to 

ignore an item that matched a feature of our current attentional template is accompanied by 

affective consequences (De Vito, Al-Aidroos, & Fenske, 2017). Participants held a cued item in 

working memory and later were asked to choose the original from an array containing the target 
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and a rotated version of the target. During the retention interval between memorization and test, 

a distractor array was presented that included one item that matched a feature (i.e., colour) of the 

target and another that did not. Participants not only inhibited the target-matching item, as 

evidenced by the elicitation of a Pd component, but also affectively devalued memory-matching 

items. This finding is evidence that memory-matching items that are currently irrelevant to our 

goals are inhibited and devalued when they are presented in our environment. Pairing these 

findings with our investigation of devaluation in working memory discussed in Chapter 2 (De 

Vito et al., 2018) and the results reported here supports the suggestions that working memory is 

“internal attention” (Anderson & Spellman, 1995; Chun, 2011). The link between attentional and 

emotional processes that governs the prioritization of stimuli in our external environment seems 

to work very similarly during the prioritization of representations held solely in working 

memory.  
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General Discussion 

 Cognitive-behavioural and neuroimaging evidence that stimulus devaluation occurs in 

tasks involving attentional and response inhibition (e.g., Fenske et al., 2004; Kiss et al., 2007, 

2008), as well as evidence that devaluation follows known characteristics of inhibition (e.g., that 

inhibition and devaluation are both reactive; Raymond et al., 2005), have led to the hypothesis 

that inhibition causes affective devaluation of associated stimuli (see Fenske & Raymond, 2006; 

Gollwitzer et al., 2014; Raymond, 2009 for reviews). Investigations into this devaluation-by-

inhibition effect had until recently only explored the devaluation of external sensory stimuli; 

however, a taxonomy of attention proposed by (Chun et al., 2011; see also Anderson & 

Spellman, 1995) suggesting that representations in memory are prioritized similarly to external 

sensory stimuli, led researchers in our lab to begin to explore the devaluation of inhibited 

representations in memory. Research findings that include my Master’s-thesis research (De Vito, 

2014) demonstrate that the devaluation effect is not exclusive to external sensory stimuli, but 

also seems to extend to inhibited representations that are held solely in working or long term 

memory (De Vito & Fenske, 2017; De Vito et al., 2018), suggesting that devaluation-by-

inhibition influences a wide range of thoughts and actions. While our initial findings represented 

a crucial first step in extending the study of inhibition-related devaluation to memory, many 

questions were left unanswered regarding the properties and neural mechanisms that govern 

devaluation within memory, including whether they are similar or different from those that 

govern the devaluation of external sensory stimuli. If the devaluation-by-inhibition effect extends 

across a wide-range of thoughts and actions, then devaluation in memory should be governed by 

similar properties and mechanisms as the devaluation of external sensory stimuli. My 

dissertation provides the next step in this critical line of research investigating the broad range of 

decisions, thoughts, and actions that may be influenced by the devaluation-by-inhibition effect.  

 In Chapter 1, I made critical discoveries regarding the devaluation effect at the interface 

of visual attention and working memory, which provided support for the devaluation-by-

inhibition hypothesis. I paired a delayed match-to-sample task with an affective evaluation task. 

My behavioural results showed that visual distractors that matched the contents of working 

memory were affectively devalued more than non memory-matching visual distractors. This was 

the first evidence showing that ignoring distractors that interfere with the active contents of 

working memory results in their devaluation. My follow-up research to these findings paired the 
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delayed match-to-sample task with a concurrent EEG. I found a relationship between trial-by-

trial fluctuations in the Pd component, an ERP component thought to represent the inhibition of 

visual distractors, and subsequent affective devaluation. Collectively, the findings of Chapter 1 

provide support for the hypothesis that inhibition causes devaluation, while not supporting any 

predictions of the alternative evaluative coding hypothesis, and also suggest that devaluation-by-

inhibition applies to interactions between visual attention and working memory processes, rather 

than being restricted to situations involving a single domain. 

In Chapter 2, I built on previous research findings in our lab that suggested that ignored 

representations in working memory undergo affective devaluation similar to ignored external 

sensory stimuli. I paired a working memory based retro-cue task with an affective evaluation 

task and concurrent EEG. My results showing devaluation of ignored working memory 

representations along with the presence of a CDA, an ERP-indicator of working memory 

processing, support past findings suggesting that ignored representations in working memory are 

devalued (De Vito et al., 2018). Along with these cognitive-behavioural results, the magnitude of 

participants’ N2pc and CDA following the presentation of a retro-cue correlated with 

participants’ devaluation of ignored distracting representations. While the correlation between 

devaluation and the CDA post retro-cue provides support for the hypothesis that the availability 

of working memory resources is crucial for devaluation to take place (Goolsby, Shapiro, & 

Raymond, 2009), the correlation between devaluation and the N2pc post retro-cue provides 

evidence of a relationship between a participant’s ability to focus their attention in working 

memory and the subsequent devaluation of ignored representations. The similarity of these 

results to the results of investigations involving external sensory stimuli (e.g., Kiss et al., 2007) 

suggest that similar neural mechanisms govern devaluation in working memory and the 

devaluation of external sensory stimuli. 

 In Chapter 3, I used devaluation as an index of inhibitory processes to investigate the 

mechanism underlying the separation of currently irrelevant accessory representations in 

working memory from the currently relevant active representation. On each trial participants 

memorized four items and then completed a retro-cue working memory task along with an 

affective evaluation task, with the evaluation task being replaced by a visual search task on some 

trials. The results of the visual search task replicated the findings of past research, showing that 

colour singletons that matched the currently relevant (i.e., active) item in working memory 
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slowed search time, while colour singletons that matched currently irrelevant (i.e., accessory) 

items in working memory did not significantly slow search. The affective evaluation results 

showed that accessory items were significantly devalued compared to baseline and active items, 

suggesting that they had been subjected to inhibition. Collectively, these findings provide 

evidence for the hypothesis that inhibition is used to separate currently irrelevant accessory items 

from the currently relevant active item in working memory, and show the usefulness of the 

devaluation-by-inhibition effect in answering critical questions about the processing of 

representations in working memory.  

 Overall, the research that I have presented in this dissertation answers critical questions 

regarding devaluation-by-inhibition in working memory and at the interface of visual attention 

and working memory. While past research had suggested that inhibited representations in 

memory were affectively devalued (De Vito & Fenske, 2017; Vivas et al., 2016), here I extend 

that research to show that the devaluation of external sensory stimuli, representations in working 

memory, and items at the interface of visual attention and working memory, all appear to be 

governed by similar concepts and neural mechanisms. Through the use of cognitive-behavioural 

and neuroimaging methods, I have shown links between devaluation and ERP markers of visual 

attention and working memory, as well as links between devaluation and individual differences 

in working memory processes. My findings not only answer critical questions regarding 

devaluation in memory but also provide support for the hypothesis that devaluation is an intrinsic 

property of inhibition, and add to the growing literature demonstrating that the devaluation-by-

inhibition effect extends to a far wider range of thoughts, actions, and behaviours than previously 

thought.  

 

Devaluation in Memory 

 Overall, my Doctoral research extends the findings of my Master’s-thesis research (De 

Vito, 2014) to provide evidence for the hypothesis that devaluation-by-inhibition occurs for 

stimulus representations in memory, just as it does for external sensory stimuli. Janczyk and 

Wühr (2012) were the first to publish research investigating whether the inhibition of 

representations solely held in memory were affectively devalued. They paired a retrieval-induced 

forgetting paradigm with an affective evaluation task and found that items thought to have been 

subjected to inhibition were not affectively devalued. They interpreted their results as evidence 
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that the devaluation of inhibited external sensory stimuli does not extend to inhibited 

representations held in memory. Subsequent work in our lab showing that ignored working 

memory representations are devalued (De Vito et al., 2018) and the findings of my Master’s-

thesis research (De Vito, 2014) showing devaluation following a Think/No-think task (De Vito 

& Fenske, 2017), provided evidence contrary to the conclusions of Janczyk and Wühr (2012). 

This collective research showing devaluation in memory, and recent research that questions 

whether inhibition is involved in the retrieval-induced forgetting paradigm (see Storm & Levy, 

2012 for review) left open the possibility that Janczyk and Wühr’s finding of no devaluation in 

memory may have been a result of a lack of inhibition in their chosen task, rather than being due 

to a lack of devaluation in memory. The findings that I have presented in this dissertation take 

my initial Master’s-thesis research a step further, by providing evidence across multiple 

experiments, tasks, and stimuli in support of the hypothesis that inhibited representations in 

memory are indeed affectively devalued.  

 In particular, in each of Chapters 2 and 3, while using different methods of confirming 

that items were maintained in working memory, I showed that ignored working memory 

representations are affectively devalued. My findings in Chapter 2 showed behavioural 

devaluation for stimuli that were confirmed to be in working memory by the presence of a CDA 

component, an ERP component thought to represent working memory processes (Vogel & 

Machizawa, 2004). In Chapter 3, I again found devaluation for items held in memory; however, 

here I used a behavioural memory test that followed an affective evaluation task to confirm that 

stimuli were held in working memory. In this particular experiment, the participants’ accuracy 

on the final memory test confirmed whether they were holding the items in working memory 

during the evaluation task. Pairing these collective findings with my Master’s-thesis research (De 

Vito, 2014) creates an accumulation of evidence that devaluation does indeed occur for stimuli 

held solely in memory. This accumulated evidence counters the conclusions of Janczyk and 

Wühr (2012) that devaluation does not occur for inhibited stimuli held solely in memory. 

Instead, it leaves open possible explanations for their results that we previously suggested when 

discussing our findings of devaluation following a Think/No-think paradigm (De Vito & Fenske, 

2017): that their finding of no devaluation was due to a lack of involvement of inhibition in their 

chosen paradigm, or that only certain types of inhibition lead to devaluation. 
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Active vs. Passive Inhibition 

 Active inhibition refers to the effortful inhibition that is applied through the use of top-

down cognitive control such as the inhibition used in response inhibition (e.g., Go/No-go) tasks 

(Baddeley, 1998; Hofmann et al., 2012; Munakata et al., 2011). Tasks such as the Think/No-

think task and directed forgetting paradigms are also thought to use active forms of inhibition 

(Anderson & Hanslmayr, 2014). Recent findings, including my work, showing that items that are 

thought to have been subjected to inhibition in Think/No-think and directed forgetting tasks also 

undergo affective devaluation suggests that active forms of inhibition result in affective 

devaluation (De Vito & Fenske, 2017; Vivas et al., 2016). Passive inhibition, on the other hand, 

refers to situations where active target representations are amplified, and as a result alternative 

competing representations are inhibited through diffuse lateral inhibitory connectivity (Baddeley, 

1998; Hofmann et al., 2012; Munakata et al., 2011). Retrieval-induced forgetting-based 

paradigms are thought to involve passive inhibition processes (M. Conway & Fthenaki, 2003). 

This creates the possibility that Janczyk and Wühr's (2012) finding of no devaluation following a 

retrieval-induced forgetting task could be evidence that only active types of inhibition lead to 

devaluation. However, my collection of results reported in this dissertation provides evidence 

that does not align with this hypothesis. My results in Chapters 2 and 3 showing devaluation of 

currently irrelevant working memory representations seem to suggest that passive inhibition 

processes, used to resolve interference from competing representations and therefore facilitate 

focusing on a task-relevant target stimulus, also result in affective devaluation. The results 

presented in my dissertation do not exclusively provide evidence of devaluation following 

passive inhibition. The findings discussed in Chapter 1, whereby devaluation is linked to the 

presence of a Pd component, an ERP component that signals the presence of active inhibitory 

processes, provides further evidence that active inhibition processes cause devaluation.  

In their original findings, Sawaki and Luck (2011) found that distracting stimuli that 

matched the active contents of memory were actively suppressed, as evidenced by the elicitation 

of a Pd component contralateral to memory-matching distractors. Sawaki and Luck suggested 

that the Pd component reflects an active inhibition of the memory-matching distractor to prevent 

its capture by attention. In Chapter 1, I used an altered version of their methods to show that the 

active suppression of memory-matching distractors, represented by the elicitation of a Pd 

component, corresponded with their devaluation. This result adds to my findings of devaluation 
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following the active inhibitory processes used in the Think/No-think task (De Vito & Fenske, 

2017), and the finding of devaluation following a directed forgetting task by Vivas et al. (2016), 

to suggest that active forms of inhibition result in affective devaluation. While an investigation 

has yet to be conducted that explicitly compares active and passive inhibition in terms of 

devaluation, my collective findings presented in this dissertation seem to suggest that 

devaluation occurs following the use of either type of inhibitory processes. Therefore, the results 

reported here not only suggest that the relationship between inhibition and devaluation extends to 

the domain of memory, but also provides evidence in support of the hypothesis that various types 

of inhibition can lead to devaluation, and that devaluation is an intrinsic property of inhibition. 

 

Applying the Devaluation-by-inhibition Effect 

Following the initial findings by Raymond et al. (2003) that ignored stimuli are 

affectively devalued, researchers began to extend on these findings by focusing on its 

boundaries, properties, and underlying neural mechanisms (see Fenske & Raymond, 2006; 

Raymond, 2009 for reviews). These collective investigations represented the critical first steps in 

a line of research findings that led to subsequent research into the general importance, 

application, and range of the devaluation-by-inhibition effect. In recent years researchers, 

including some in our lab, have begun to investigate the potential application of the devaluation-

by-inhibition effect. While some studies have replaced the abstract art patterns used in previous 

investigations with motivationally relevant stimuli to investigate the application of devaluation-

by-inhibition to disorders of self-control, one study investigated the potential application of this 

effect to advertising. 

Duff and Faber (2011) explored the devaluation-by-inhibition effect in the context of 

advertising. In particular they investigated the many ads that we encounter that are not 

consciously processed because of the limited capacity of visual attention. Their results showed 

that the devaluation of banner ads on web pages followed similar properties of devaluation that 

had been demonstrated previously. Banner ads that caused the most interference, those that were 

closest to the searched-for information and were visually similar to the searched-for information, 

received negative ratings. This finding extends the devaluation-by-inhibition effect to the domain 

of advertising and demonstrates its possible application to real-world situations. 
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Other studies have demonstrated the ability of the devaluation-by-inhibition effect to 

change behaviour through the changing of stimulus evaluations. In particular this has been 

demonstrated using alcohol-, food-, gambling, and sex-related stimuli (Driscoll, de Launay, & 

Fenske, 2017; Ferrey et al., 2012; Houben, Havermans, Nederkoorn, & Jansen, 2012; Stevens et 

al., 2015; Veling, Aarts, & Stroebe, 2013). Houben et al. (2012) showed that after participants 

withheld from responding to alcohol-related stimuli in a Go/No-go task, they had decreased 

liking ratings for alcohol and also showed decreased alcohol consumption. Veling et al. (2013) 

showed that after withholding responses to palatable foods that were classified as No-go stimuli, 

participants with a high appetite rated these palatable foods more negatively and were less likely 

to choose them as snacks. Ferrey et al. (2012) and Driscoll et al. (2017) used sex-related stimuli 

in a Go/No-go task and both found devaluation of No-go sex stimuli. Ferrey et al. (2012) showed 

that on a subsequent progressive-ratio key-press task male participants who had seen female 

images as No-go stimuli made fewer key presses to see females than did male participants who 

had responded to female images as Go stimuli. Driscoll et al. used a modified version of the key-

press task and found that when items were No-go stimuli, participants were less willing to press 

to see more of preferred images and participants were more willing to press to see less of non-

preferred images. Their results suggest that the findings of Ferrey et al. could not be attributed to 

a global reduction in behaviour that has been attributed to inhibition, and was instead a lowering 

of stimulus-associated value. This collection of applied results seems to suggest that devaluation-

by-inhibition has applications to disorders of self-control, as it highlights the ability to change 

behaviour through changing stimulus evaluations.  

This recent research investigating alcohol-, drug-, and sex-related external sensory 

stimuli has made clear advances in demonstrating the application of the devaluation-by-

inhibition effect. While thus far researchers have only investigated changing behaviours through 

changing evaluations of external sensory stimuli, disorders of self-control are not only influenced 

by external sensory cues that occur in the environment, as they can also be triggered by internal 

cues (see Otto, O’Cleirigh, & Pollack, 2007 for review). Drug use in particular can be triggered 

by internal emotional cues (Lowman, Allen, & Stout, 1996; O’Connell & Martin, 1987). The 

cue-stimulus associations that underlie these disorders of self-control are governed by classical 

conditioning (e.g., Hoffmann, Goodrich, Wilson, & Janssen, 2014) that relies on memory-related 

processes (see Bouton & Moody, 2004 for review). Overall, the reliance of these disorders of 
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self-control on memory-related processes and internal cues makes evident the possible benefit of 

treating these disorders by altering the internal cue-stimulus associations. Demonstrating that 

changing stimulus evaluations of internal representations can change behaviour would suggest 

the usefulness of interventions that target these internal cues. My findings presented in this 

dissertation showing that inhibition changes evaluations of representations held in memory and 

at the interface of visual attention and working memory similarly to those of external sensory 

stimuli provide evidence that suggests that changing evaluations of internal representations will 

change behaviour.  

 

Individual Differences in Devaluation-by-inhibition 

Research has found a link between working memory processes and other cognitive 

abilities, including fluid intelligence (see Unsworth & Engle, 2007 for review). This link has 

largely been explained as being a result of higher working memory capacity leading to an ability 

to better exert attentional control. However, whether participants with high working memory 

capacity are better at exerting attentional control because they can better enhance task-relevant 

information, better suppress task-irrelevant information, or do both, has been left as an open 

question by many investigations. Hasher et al. (1999) showed the importance of inhibition in 

regulating information held in working memory. Their results showed that elderly adults, who 

have been shown to have a deficit in working memory processing, had a deficit in their ability to 

use inhibition to keep irrelevant information from entering working memory. Vogel et al. (2005) 

found similar results by looking at individual differences in working memory capacity for 

younger adults. They found that while individuals with high working memory capacities were 

able to filter out irrelevant information from entering working memory storage, individuals with 

low working memory capacity allowed both relevant and irrelevant information to enter working 

memory. These are only a couple of the many investigations that have found that participants 

with high working memory capacities are effective at using attentional control to inhibit task-

irrelevant items (A. Conway, Cowan, & Bunting, 2001; A. Conway & Engle, 1994; Gulbinaite, 

Johnson, de Jong, Morey, & van Rijn, 2014; Kane & Engle, 2000; Unsworth, Schrock, & Engle, 

2004). This suggested link between inhibitory processes and working memory has also been 

extended by Gaspar et al. (2016). While investigating stimulus-driven capture, they found 

variability in the timing and magnitude of the Pd component (i.e., an ERP component known to 
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represent the inhibition of visual stimuli) that depended on a participants working memory 

capacity. Collectively, these findings demonstrate a clear link between individual differences in 

working memory capacity and a participants’ ability to exert attentional control through the use 

inhibition.  

 The results presented in Chapter 2 of this dissertation found links between working 

memory and devaluation at an individual differences level. In Chapter 2 my work shows that the 

magnitude of a participant’s CDA component following the presentation of a retro-cue correlates 

with the magnitude of devaluation of distracting stimuli in working memory. The CDA has been 

established as a reliable indicator of working memory capacity (Vogel & Machizawa, 2004). My 

results showed that individual differences in the magnitude of the CDA correlated positively 

with individual differences in the size of the difference between target and distractor evaluations. 

Individual differences in the availability and allocation of visual working memory resources 

were therefore predictive of the extent to which ignored working memory representations 

became affectively devalued. This result supports past findings by Goolsby, Shapiro, and 

Raymond (2009) who showed that working memory resources play a critical role in the 

devaluation-by-inhibition effect.  

 My findings presented here extend past research showing a clear link between individual 

differences in working memory processing and inhibitory control (A. Conway et al., 2001; A. 

Conway & Engle, 1994; Gulbinaite et al., 2014; Kane & Engle, 2000; Unsworth et al., 2004). 

Here my results suggest that this link between working memory and inhibition extends to 

affective processing as well. In Chapter 2 my results show that participants with a higher index 

of working memory processing (i.e., CDA magnitude) also show the greatest devaluation for 

distracting stimuli. These findings thereby provide support for the hypothesis of Goolsby, 

Shapiro, and Raymond (2009) that available working memory resources play a critical role in the 

devaluation-by-inhibition effect. Through this approach centered on individual differences, my 

results also provide additional evidence in support of the link between inhibition and 

devaluation. While participants with the greatest available working memory resources are 

thought to be those who exert the greatest inhibition, these participants in my investigation are 

also those who show the greatest devaluation, extending the finding that greater inhibition seems 

to lead to greater devaluation.  
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Future Directions 

My findings provide answers to critical questions regarding the prioritization of stimuli 

held solely in working memory, and demonstrate that this prioritization in memory is guided by a 

similar link between attentional and emotional processes as the prioritization of external sensory 

stimuli. The research presented in my dissertation opens the door for future investigations to 

advance research regarding devaluation in memory. Past research has found that the devaluation 

of external sensory stimuli is reactive, as distractors presented closer to a target are devalued 

more than those presented further away (Martiny-Huenger et al., 2014; Raymond et al., 2005). If 

devaluation in working memory is governed by similar properties as the devaluation of external 

sensory stimuli then this reactive effect should persist for representations in memory as well. Is 

there a spatial component to devaluation in memory? Are items that are closer to the target 

stimulus at the time of encoding devalued more than those located further away? Are distracting 

items that have been encoded in memory more recently also devalued more than those encoded 

earlier? 

My findings presented in Chapter 2 are the first to show individual differences in 

devaluation-by-inhibition by demonstrating links between a participants magnitude of distractor 

devaluation and an index of working memory capacity (i.e., the CDA component). To advance 

this research and provide supporting evidence for this hypothesized link, future investigations 

could examine the link between another established measure of behaviour on working memory 

tasks (i.e., K value; e.g., Cowan, 2001) and affective devaluation.  

 

Conclusion 

 My dissertation provides the critical first steps in extending past findings, including my 

own Master’s-thesis research (De Vito, 2014), showing that inhibited representations in memory 

are affectively devalued similarly to inhibited external sensory stimuli. Using both cognitive-

behavioural methods and electroencephalography I have provided evidence that applying 

inhibition to representations in working memory or at the interface of visual attention and 

working memory leads to affective devaluation. My findings are also the first to show individual 

differences in the devaluation-by-inhibition effect and demonstrate its usefulness in answering 

critical questions regarding the processing of representations in working memory. Collectively, 
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my research presented here suggests that the devaluation-by-inhibition effect may extend to a far 

wider range of thoughts and actions than previously thought.  
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