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ABSTRACT          

 
COGNITIVE INHIBITION MODIFIES THE AFFECTIVE AND INCENTIVE VALUE 

OF MOTIVATIONALLY SALIENT STIMULI 
 
 
 
 
Anne Elizabeth Ferrey       Advisor: 
University of Guelph, 2012      Dr. Mark J. Fenske 
 
 
People with substance dependence show maladaptive approach responses toward stimuli 

related to their drug of addiction. Reducing the motivational salience of these appealing 

but maladaptive stimuli could decrease these inappropriate approach responses. Tasks 

that involve response inhibition influence the affective valence of stimuli, such that 

previously inhibited items are disliked compared to never-inhibited items. It is not clear, 

however, whether this effect can be harnessed to develop interventions to decrease the 

maladaptive motivational salience of addiction-related stimuli. To lay the groundwork for 

such an intervention, I first determined that people in treatment for substance dependence 

showed affective devaluation of previously-inhibited stimuli (Experiment 1). Because 

adolescence is associated with high risk of illegal substance use, I then examined the 

magnitude of the inhibitory devaluation effect in a group of adolescents from an adverse 

background (Experiment 2). Devaluation of inhibited stimuli increased significantly with 

age, suggesting that the effect occurs more strongly as the brain matures. Drug-related 

stimuli are extremely motivationally salient to people with substance dependence. 

Experiments 3-6 examined the affective consequences of inhibition for different types of 

motivationally salient stimuli: geometric images associated with monetary gains or 

losses, or sexually-appealing images. Finally, I determined that inhibition affects not only 

a stimulus’ affective valence, but also its motivational value. Heterosexual male 

participants who inhibited images of attractive females were later less likely to press a 

key in order to see more images of that type than participants who did not inhibit these 

images (Experiment 7). Taken together, this evidence suggests that computer-based tasks 

involving inhibition may be useful for decreasing the affective and motivational salience 

of drug-related stimuli in substance-dependent individuals. 
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Chapter 1 

Introduction 

An organism’s survival depends on its ability to accomplish goals. Among other 

objectives, it must find food, stay safe and interact with conspecifics. To accomplish 

goal-directed behaviour, the brain must determine which stimuli are relevant to the 

current goal and which can safely be ignored. Stimuli that are important to the organism 

are considered to be motivationally salient (Downar, Crawley, Mikulis & Davis, 2002). 

As such, they can drive behaviour: stimuli are thought to automatically evoke 

behavioural tendencies to approach if the stimulus is evaluated as beneficial or to avoid if 

it is deemed potentially harmful (Chen & Bargh, 1999). Although approach and 

avoidance motivation often coincide with positive and negative affective valence, 

respectively, they are distinct constructs. For example, a perceived threat evokes a ‘fight 

or flight’ response, and thus can lead to either approach or avoidance behaviour (e.g., 

Carver, 2004; Harmon-Jones, 2003; Harmon-Jones & Sigelman, 2001).  

 

Thus, under certain circumstances stimuli that are harmful can still evoke a strong 

approach response: for example, in the case of substance dependence, drug-related 

stimuli can invoke a strong approach motivation even when the drugs themselves are no 

longer expected to be rewarding (e.g., Berridge & Robinson, 1995). In the grip of such a 

motivational disorder, individuals are willing to perform a tremendous amount of work in 

the service of their addiction - even when this has negative consequences (Hyman & 

Malenka, 2001). Interventions aimed at decreasing maladaptive responses to 

motivationally salient stimuli often focus on enhancing willpower or cognitive control 

over impulses. For example, psychosocial treatments such as cognitive behavioural 

therapy and contingency management focus on changing cognitions related to drug cues 

in order to down-regulate reward-seeking impulses and increase the likelihood that an 

addict will be able to avoid stimuli that trigger such impulses (Dutra, Stathopoulou, 

Basden, Leyro, Powers & Otto, 2008). Another method is to reduce the motivational 

salience of the stimuli themselves; for example, by blocking the effects of drugs of abuse 

by neuropharmacological means (Volpicelli, Alterman, Hayashide & O’Brien, 1992). 
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 However, another option for decreasing the salience of motivationally-relevant 

stimuli comes from recent evidence that cognitive inhibition has negative affective 

consequences for the inhibited stimuli (e.g., Raymond, Fenske, & Tavassoli, 2003; 

Fenske, Raymond, Kessler, Westoby, & Tipper, 2005). Stimuli that have been ignored or 

from which a behavioural response has been withheld are disliked compared to non-

inhibited stimuli, and this has been replicated with a range of experimental paradigms and 

stimuli (e.g., Fenske, Raymond, & Kunar, 2004; Goolsby, Shapiro, & Raymond, 2009; 

Griffiths & Mitchell, 2008; Raymond, Fenske, & Westoby, 2005). The negative affective 

consequences for previously inhibited stimuli might result in a decrease of the 

motivational salience of maladaptive stimuli. However, preliminary questions about the 

effect of inhibition on motivationally-relevant stimuli must first be answered. Previous 

research on the inhibitory devaluation effect has focused on affectively-neutral visual 

stimuli, such as non-expressive faces or abstract art-like images (e.g., Raymond, Fenske 

& Tavassoli, 2003; Raymond, Fenske and Westoby, 2005). Whether response inhibition 

will likewise impact hedonic evaluations of more motivationally-relevant stimuli remains 

unknown.  It is possible that the strong approach-related response associated with such 

stimuli may prevent the formation of inhibition-related negative affect.  

 

 As well, decreases in hedonic ratings after inhibiting a stimulus may not 

correspond to decreases in the motivational pull exerted by that stimulus (e.g., Berridge 

& Robinson, 1995). Berridge and colleagues (Berridge & Robinson, 1995; Berridge & 

Robinson, 2003; Berridge, Robinson & Aldridge, 2009) have made a distinction between 

‘liking’ as the hedonic pleasure associated with a stimulus, and ‘wanting’ as the 

motivational incentive to seek and obtain it. Thus, an item’s ‘incentive salience’ (the 

motivational value represented by a stimulus, as measured by the amount of work an 

organism will perform in order to acquire it; Berridge & Robinson, 1998) is separate 

from any hedonic pleasure the stimulus elicits. These components are thought to involve 

dissociable neural systems, with ‘wanting’ depending on the mesotelencephalic dopamine 

system (Berridge & Robinson, 1995) and ‘liking’ relying on the mesolimbic reward 

system (Berridge & Robinson, 2003), particularly the nucleus accumbens shell. Because 

‘liking’ and ‘wanting’ are dissociable at both the behavioural and the neural level, a 
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response-inhibition task might reduce the incentive salience of a stimulus with high 

motivational relevance, or alternatively inhibition-related devaluation may only impact 

only the hedonic value of a stimulus (e.g., Dai, Brendl & Ariely, 2010).  

  

Developing an inhibition-based cognitive intervention to decrease the maladaptive 

salience of drug-related stimuli requires the population of interest to be able to 

successfully complete the task. People with substance dependence show a number of 

difficulties with attention and cognitive control (e.g., Fillmore, Rush & Hayes, 2002; 

Fillmore & Rush, 2002; Franken, Kroon, Wiers & Jansen, 2000). In particular, they often 

show impairments on tasks that require inhibition, such as the Go/No-go task (Hester, 

Dixon, & Garavan, 2006; Lane et al., 2007). It is therefore important to test whether 

people in treatment for substance dependence are able to successfully perform such a 

task.  

 

Finally, adolescence is a time of increased risk-taking (Rutherford, Mayes & 

Potenza, 2010) during which many people initiate substance use (Chambers, Taylor & 

Potenza, 2003). Reducing the salience of maladaptive stimuli at this developmental stage 

could be disproportionately beneficial. Previous work on the inhibitory devaluation effect 

has focused on undergraduate samples (e.g., Raymond et al., 2003; Frischen, Ferrey, 

Burt, Pistchick & Fenske, 2012).  It is therefore useful to determine whether adolescents 

show decreased hedonic evaluations of previously-inhibited stimuli.  

 

Motivational Salience 

 Drug-related stimuli invoke an emotional response for people in treatment for 

substance dependence (Grant et al., 1996) and are likely to be motivationally salient. This 

may have important implications when developing a computer-based intervention. In 

general, emotional stimuli are given preferential processing (e.g., Ohman, Flykt & 

Lundqvist, 2000; Lang et al., 1998). This is because emotional stimuli are motivationally 

salient: they are a source of important information that has the potential to help or hinder 

goal achievement (Duckworth, Bargh, Garcia & Chaiken, 2002). Viewing affective 

stimuli leads to changes in somatic and autonomic responses: for example, increases in 
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skin conductance and changes in heart rate (Cuthbert, Schupp, Bradley, Birbaumer & 

Lang, 2000). As well, electrophysiological evidence of differential processing of 

emotional stimuli shows a pronounced late positive ERP component that is reduced or 

non-existent for non-affective stimuli and which increases with increasing stimulus 

intensity (Cuthbert et al., 2000). Late positive brain potentials are associated with 

stimulus evaluation and target identification (e.g., Kok, 1997), and the late positive 

potentials associated with affective stimuli are thought to reflect activation of 

motivational systems in the brain (Cuthbert et al., 2000). This suggests that emotional 

stimuli are processed differently due to their motivational value.  

 

Late positive ERP components have also been associated with stimulus value in a 

monetary sense. Begleiter, Porjesz, Chou & Aunon (1983) associated particular visual 

stimuli with either gaining a small monetary reward or no reward. Stimuli with high 

incentive salience resulted in pronounced P3 (positive) ERP components, while the same 

stimuli did not evoke this component when not explicitly associated with a reward. This 

suggests that stimuli rendered motivationally relevant by association with a monetary 

reward are also processed differentially, in a similar way to stimuli that have motivational 

relevance due to affective content.  

  

Stimuli can be rendered motivationally relevant due to circumstances. For 

example, Begleiter et al. (1983) observed that stimuli with an a priori neutral value were 

processed in the same way as rewarding stimuli only after a participant’s experience 

indicated that these stimuli were value-associated. In the same way, food stimuli are 

motivationally relevant only when the observer is hungry. LaBar, Gitelman, Parrish, Kim, 

Nobre & Mesulam (2001) used selective satiation to manipulate the motivational value of 

food stimuli. Participants viewed food (motivationally relevant) and tool (motivationally 

irrelevant) images in an fMRI scanner while in a state of hunger and then again after a 

meal. Differential responses in the amygdala were seen when hungry participants viewed 

food stimuli relative to when the same participant was satiated (LaBar et al., 2001). Thus, 

it is the relevance of a stimulus to current goals (e.g., finding food when hungry) that 

confers motivational value, and this flexible change in motivational value depending on 
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circumstances leads to a differential response in emotional brain areas.   

 

Motivationally-relevant stimuli are given preferential processing (Raymond & 

O’Brien, 2009), while processing of irrelevant stimuli is inhibited (Watson & Humphries, 

1997). This inhibition of irrelevant stimuli is equally crucial to goal-directed behaviour: it 

ensures that response conflict can be avoided by decreasing the distracting effects of 

irrelevant stimuli, and it ensures that the brain’s limited cognitive resources can be 

directed towards the most relevant environmental stimuli (Houghton, Tipper, Weaver & 

Shore, 1996). This process allows individuals to navigate the environment without 

overlooking important information or being constantly distracted by irrelevant stimuli.  

 

To accomplish this, the brain must recruit a network of regions, including the 

fronto-parietal attentional network and the anterior cingulate cortex, that allow it to focus 

on task-relevant stimuli while excluding irrelevant distractors (Morecraft, Geula, & 

Mesulam, 1993). However, a recent series of experiments has suggested that such 

inhibition, as well as the inhibition of behavioural responses, has negative affective 

consequences for the inhibited stimulus (e.g., Raymond et al., 2003; Fenske  & Raymond, 

2006; Frischen et al., 2012). 

 

Inhibitory (Distractor) Devaluation 

Recent evidence has consistently indicated that stimuli that have been ignored or 

that have been associated with a behavioural inhibitory response are given lower affective 

ratings than stimuli that were the focus of attention or a behavioural response (e.g., 

Raymond et al., 2003; Kiss et al., 2007). Fenske and Raymond (2006; Raymond et al., 

2003) have taken this as evidence that the act of inhibition leads to an association of the 

inhibited stimulus with negative affect. Because this negative affect is reinstated when 

the previously-inhibited item is viewed again, it is thought that the negative affect is 

associated in memory with the inhibited item and reactivated the next time that item is 

encountered. Attended stimuli, on the other hand, are given equivalent ratings to novel 

stimuli of the same type, giving further evidence that the effect is due to a devaluation of 

the inhibited stimulus rather than any enhancement of the attended item. This is referred 
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to as the ‘inhibitory devaluation’, or distractor devaluation, effect (Fenske & Raymond, 

2006; Raymond et al., 2003). This effect has the potential to modulate the positive 

affective responses associated with drug-related stimuli. 

 

Emotional devaluation of inhibited stimuli was first observed by Raymond, 

Fenske & Tavassoli (2003). They presented complex, colourful visual patterns composed 

of circles or squares (referred to as Mondrians) in a two-item visual search array. The 

visual search task required participants to find a target with particular attributes. Finding 

the target required participants to inhibit the non-target distractor, although this was never 

explicitly stated. After participants had located the target they were asked to emotionally 

evaluate the previously-seen target, the previously-seen distractor, or a similar but novel 

item in terms of their ‘cheeriness’ or ‘dreariness’ using a three-point Likert scale. 

Previously-seen distractors were given significantly more negative ratings than 

previously-seen target items or novel images. The ignored Mondrians were emotionally 

devalued compared to items that had been the target of attention and to novel images. 

This suggests that the inhibition applied to a distracting stimulus during a visual search 

task also influences subsequent ratings of the emotional value of that stimulus. A second 

experiment demonstrated that the devaluation effects generalized to novel stimuli that 

were in the same visual category (e.g., circles or squares) as previously-seen distractors 

from the search task, suggesting that the devaluation effect generalizes to other items that 

shared features with the inhibited items. 

 

Raymond et al. (2003; Fenske et al., 2006) have suggested that the inhibitory 

devaluation effect occurs when attentional inhibition is applied to a stimulus (e.g., a 

distractor that might otherwise interfere with a goal-directed task) and is stored in 

memory with the representation of the previously irrelevant stimulus. They proposed that 

when that stimulus is encountered again, the attentional inhibition is also reactivated and, 

in the context of the evaluation task, is manifested as a negative emotional response 

toward the previously-distracting stimulus.  
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Inhibition is necessary to ameliorate response conflict: when two stimulus-

response representations compete, one must be inhibited in order to accomplish the 

appropriate behaviour (Ridderinkhof, van den Wildenberg, Segalowitz & Carter, 2004; 

Rowe, Toni, Josephs, Franckowitz & Passingham, 2000). This biases the outcome of the 

competition in favour of the non-inhibited stimulus or action (Kastner & Ungerleider, 

2000). For example, during a visual search task, the representation of target items must 

compete with distractor items due to limited processing capacity (Desimone & Duncan, 

1995). Top-down signals (e.g., from prefrontal cortex) can bias processing in favour of 

target items, leading to inhibition of distractors (Deco & Sing Lee, 2002). In practice, the 

neural representation of the inhibited item is suppressed when the representation of the 

target ‘wins’ the competition (Desimone, 1998). Competition is generally biased in 

favour of objects that are relevant to the current goal. A side effect of this is the inhibition 

of non-goal-relevant items (Awh, Matsukhura & Serences, 2003).  

 

Inhibitory devaluation reflects the affective fate of the inhibited items. After 

regions such as the lateral prefrontal cortex (PFC) are recruited to inhibit distractor items, 

their perceptual representations are probably associated in memory with negative affect 

thanks to connections between the PFC, OFC and amygdala (Doallo, Raymond, Shapiro, 

Kiss, Eimer & Nobre, 2011). This makes a reappearance of the previously-inhibited 

representation less likely to lead to action in the future. When the stimulus is viewed 

again and the negative affect associated with it is re-encountered, it serves as a sign that 

the item in question has already been processed and was not helpful for goal 

accomplishment. It would be inefficient to interact with this item a second time once its 

utility has been assessed, and therefore further processing is easily avoided. It may be that 

this effect can be harnessed to decrease the salience of motivationally relevant stimuli 

that have a maladaptive influence on behaviour.  

 

The initial findings of Raymond, Fenske and Tavassoli (2003) suggested that 

attentional inhibition could have an effect on emotion. Because drug-related cues are very 

emotionally salient to people with substance dependence (Field & Cox, 2008), 

emotionally devaluing them might render them more easily avoided, perhaps helping to 
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decrease craving and relapse. Indeed, training participants to consistently direct their 

attention away from alcohol-related images decreases attentional bias to such images (i.e. 

the images are later avoided; Field & Eastwood, 2005). However, in order to make use of 

the inhibitory devaluation effect in this way, its fundamental characteristics must first be 

understood. A number of questions have a bearing on this. First, is the devaluation effect 

indeed directly caused by inhibition of the devalued stimulus? This could be tested by 

invoking inhibition using a variety of methods, then measuring the emotional evaluation 

of inhibited versus never-inhibited stimuli. Secondly, according to the theory of 

Raymond and Fenske (Raymond et al. 2003; Fenske & Raymond, 2006), working 

memory may be required to maintain traces of the inhibited stimulus to associate it with 

the negative affect generated by the inhibitory response. Does depleted working memory 

lead to a decrease in inhibitory devaluation? If so, this may influence the types of patients 

with which such an intervention could be appropriately used.  

  

 Data from Raymond et al. (2003) strongly suggested that the devaluation effect 

could generalize to other stimuli that share some features with the previously-inhibited 

stimulus. However, in order to affectively devalue motivationally-relevant but 

maladaptive stimuli, such as drug cues, it is important to know whether the negative 

affect will be associated only with the particular stimulus that was inhibited, or whether it 

will generalize to other items that share a feature with that stimulus. In other words, is the 

inhibitory devaluation effect feature-based or object-based, or does this depend on the 

particular features of the to-be-inhibited object? 

 

Finally, Raymond et al. (2003) used neutral art-like images as their to-be-

inhibited stimuli. These are not motivationally-relevant – at most they may have been 

mildly visually appealing. Would devaluation be seen even if the inhibited images had a 

priori positive or negative value? If the inhibited items were motivationally salient (i.e. 

invoked a strong approach or avoidance behavioural response), would the devaluation 

effect still be observed? It is possible that such stimuli are so relevant to behaviour that 

they might always win the neural competition, or that even once inhibited they would not 

be disliked. Clearly, this question must be answered in order to design interventions using 
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the inhibitory devaluation effect to devalue motivationally-relevant stimuli such as drug-

related images.    

 

Inhibition and Devaluation 

If prior inhibition is indeed the cause of the negative emotional response 

associated with previously-ignored stimuli (Raymond et al., 2003), various types of 

inhibition should lead to similar devaluation. Fenske, Raymond & Kunar (2004) used a 

preview search paradigm to apply top-down inhibition to particular stimuli. Participants 

were asked to perform a task in which they searched for a target amid a field of 

distractors. A subset of distractors was initially presented as a preview. Subsequently, the 

entire set of distractors as well as the target became visible. In the preview search 

paradigm, search is more efficient in preview than in no-preview conditions. It has been 

suggested that this improved efficiency is due to top-down inhibition that has been 

applied to the distracting stimuli, marking them as non-target locations and improving 

performance on the visual search task (e.g., Watson & Humphreys, 1997; 2000). Efficient 

search requires that the brain apply inhibition to items that have been previewed and 

discovered to be distracting, in order to avoid the inefficiency of processing them a 

second time. 

 

If top-down inhibition is indeed being applied to previewed distractors, then that 

inhibition should have negative emotional consequences; that is to say, previewed 

distractors should be affectively devalued compared to distractors that were not seen in a 

preview. To test this, Fenske et al. (2004) required participants to search for a target with 

the conjunction of a particular colour and shape among distractors that shared either 

colour or shape with the target. Distractors that shared a shape with the target were 

presented 1000ms before the entire field containing the target and the remaining 

distractors was presented. After the visual search task, participants evaluated either a 

previewed or a non-previewed distractor on its subjective cheeriness or dreariness. 

Fenske et al. (2004) observed a classic preview effect in most of their participants: they 

were faster to complete the visual search task when the array was preceded by the 

preview condition. Importantly, however, they also found a significant devaluation effect 
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among participants who had shown the preview effect: distractors that had been 

previewed were given more negative ratings than distractors presented simultaneously 

with the target.   

 

The inhibitory status of an object can also be manipulated by changing its location 

relative to a target of attention. During a visual search task, regions of inhibition closer to 

a target location are thought to be stronger than those further away from the target 

(Caputo & Guerra, 1998; Cave & Zimmerman, 1997; Cutzu & Tsotsos, 2003; Mounts, 

2000). This increasingly strong inhibition of near-target distractors presumably improves 

performance in visual search tasks by decreasing the interfering effects of the non-target 

items that are most likely to be distracting: those in close proximity to the target. 

Raymond, Fenske and Westoby (2005) examined the affective consequences of this 

graded inhibition. Participants were required to locate a coloured pattern or a tinted face 

in a visual search paradigm, then later to rate targets and distractors on subjective 

cheeriness (patterns) or trustworthiness (faces). Distractors were rated more negatively 

than targets. Importantly, however, affective ratings for distractors located near the target 

were rated significantly more negatively than distractors located far from the target. As 

well, more devaluation was observed when distractors were evaluated in their original 

(i.e. inhibited) location than when they were moved to a new location for evaluation. 

However, distractors that were seen near the target location were still devalued even 

when evaluated in a new location. This is evidence that graded inhibition (e.g., due to 

distractor location relative to the target) leads to graded devaluation. The fact that near-

target devalued objects were still devalued when evaluated in other locations also 

suggests that inhibitory devaluation, at least in this case, was associated with the object as 

well as the location.   

 

All of these paradigms are thought to involve attentional inhibition to induce 

devaluation. However, there are other types of inhibition that may be associated with a 

stimulus. For example, stop-action cues are used to associate a particular stimulus with an 

inhibited response in the negative priming literature. Tipper, Grison & Kessler (2003) 

presented participants with two faces, one of which was associated with a stop-action cue 
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indicating that all motor responses should be withheld. When both faces were viewed 

again, responding was slower to the face that had been associated with the stop-action 

cue. This suggests that individual items that have been associated with an inhibitory 

response are stored in memory.  When the item associated with the inhibitory tag is seen 

again, the inhibition is reinstated, leading to slower response times for the inhibited item. 

This ‘negative priming’ can be seen up to 13 minutes after cue onset (Tipper et al., 2003). 

If inhibition is indeed the reason for the affective devaluation associated with stimuli that 

were previously ignored, then behavioural inhibition might also lead to affective 

devaluation using the same process.  

  

 Fenske, Raymond, Kessler, Westoby and Tipper (2005) used behavioural 

inhibition (inhibiting a response) to modify emotional evaluation of faces. Their task was 

very similar to that of Tipper et al. (2003). Participants viewed a face pair over which a 

Go or No-go cue consisting of a transparent coloured oval was briefly superimposed. Go 

cues required participants to quickly press two buttons; No-go cues required them to 

inhibit any response. Participants then evaluated each face either on subjective 

trustworthiness or on the physical brightness or darkness of the background. Faces that 

had previously been associated with a No-go cue were evaluated as less trustworthy than 

uncued faces, suggesting that behavioural inhibition lead to inhibitory devaluation. 

However, the same pattern of results was not observed when participants rated the 

brightness of the background (a perceptual, rather than an emotional, judgment), 

indicating that the findings were not due to response biases.  

 

A simplified Go/No-go task was also used by Kiss, Raymond, Westoby, Nobre & 

Eimer (2008) to induce devaluation. Again, a Go/No-go task was followed by an 

evaluation task, but in this case participants viewed a series of 12 faces and pressed a key 

if they saw a Caucasian face and refrained from responding if they saw an Asian face 

(counterbalanced between blocks). During the evaluation task participants saw the same 

12 faces in the same order and were required to rate them on subjective trustworthiness. 

Again, faces that had previously been shown as No-go stimuli were evaluated as 
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significantly less trustworthy than faces that were seen as Go stimuli: a classic inhibitory 

devaluation effect. 

 

Inhibitory Devaluation and Working Memory 

Many types of tasks that are thought to involve inhibition lead to affective 

devaluation of the previously-inhibited stimulus, suggesting that inhibition of a stimulus 

may lead to emotional devaluation. However, in order for inhibition that occurred at one 

point in time to influence later emotional evaluation, some memory trace of the previous 

inhibitory episode associated with the stimulus must be retained. The inhibitory state 

must be associated in memory with the inhibited feature. Presumably, this requires 

working memory to hold representations of the stimulus (similar to the negative priming 

effect, e.g., Tipper et al., 2003) while making the association between the stimulus and 

the affective response. This association is presumably then stored in memory and then 

retrieved when the stimulus is encountered again. According to this account, inhibitory 

devaluation should not be possible in the absence of available working memory 

resources. 

 

To test this, Goolsby, Shapiro and Raymond (2009) sandwiched a visual-search 

inhibitory devaluation paradigm (similar to Raymond et al., 2003) between the study and 

test phases of a working memory task. In each experiment, participants were shown an 

array of objects to remember. They then performed a search-then-evaluation inhibitory 

devaluation task, and finally were shown another array (identical to or different from the 

initial array) and asked to indicate whether the two displays were identical. Inhibitory 

devaluation was observed when working memory load was low or absent, but 

maintaining a high working memory load eliminated inhibitory devaluation. This 

suggests that working memory availability is indeed crucial to associate negative affect 

with the previously-inhibited stimuli . Because working memory may be impaired in 

some people (for example, people with ADHD; e.g., Martinussen, Hayden, Hogg-

Johnson & Tannock, 2005), it may be important to screen participants for working 

memory deficits before initiating an intervention that makes use of this effect. 
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Feature-based or Object-based Devaluation? 

Raymond and Fenske (Raymond et al., 2003; Fenske & Raymond, 2006) have 

shown that inhibiting an item leads to a negative emotional response when that item is 

viewed again. This suggests that the inhibition may be associated in memory with the 

item, leading it to be reinstated when the item is viewed again. This inhibition could be 

associated in memory either with the representation of the object itself, or with the 

particular features of the object that are most closely associated with the inhibitory 

response. This could include the features that are the basis of attentional selection as well 

as the features that are critical to appropriately making or withholding a response. 

 

Because inhibitory devaluation has been shown to generalize to items that have 

similar features to previous distractors (Raymond et al., 2003) it seems likely that at least 

in some cases, feature-based inhibition occurs. In order to dissociate feature-based from 

object-based inhibition, Goolsby, Shapiro, Silvert, Kiss, Fragopanagos, Taylor, Eimer, 

Nobre & Raymond (2009) manipulated object types (faces, buildings or houses) and 

stimulus features (colour, face gender, building type) to determine whether the emotional 

effects of inhibition are associated with the object identity or the object features. Tinted 

objects were inhibited, and greyscale versions of the same identity were subsequently 

evaluated. They found some evidence that inhibition applied to a particular feature 

generalizes other, novel items that share that feature (Experiment 1). However, when the 

objects lacked distinct features and were quite confusable, negative affect was not seen 

when an inhibited feature was later evaluated (Experiment 2). When the inhibited item 

could share a feature or a colour with the to-be-rated item (Experiment 3), a large 

devaluation effect was found for distractor-coloured items, but not for target-coloured 

items, while items whose colour was unrelated to the response-inhibition task were not 

rated significantly differently from target-coloured items. Here, the rated items were 

totally separate from the inhibited items and shared only a colour feature with them, yet 

the items that shared a feature with a previously-inhibited item were devalued. Thus, the 

inhibitory memory trace in this case must be associated with the feature of the item, not 

the identity of the item, which had previously been used to guide selection. If this feature 

is present in an item that is later rated, the negative affect will be reinstated and that item 
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will be emotionally devaluated. However, in some cases (e.g., Raymond et al., 2005), 

devaluation can be observed even in the absence of the selected-for feature. Thus, it is 

important to distinguish between features that are critical for making the attentional 

selection, features that are critical for making an appropriate response, and those that are 

incidental to the task. Critical stimuli are likely to be devalued; incidental stimuli are not. 

This is important to take into account when designing inhibitory interventions.  

 

Neural Mechanisms of Inhibitory Devaluation: Conflict Detection and Inhibition 

At its heart, the inhibitory devaluation effect relies on communication between the 

areas of the brain involved in attentional or response inhibition and those that track the 

current emotional value of a stimulus. When a conflict is detected, brain areas that 

contribute to inhibitory processes must be recruited to suppress stimuli or responses that 

are irrelevant to the current goal. Presumably, these areas generate inhibitory signals that 

are then interpreted by the brain’s emotional regions as a negative affective response. 

This negative emotion is then stored in memory with the representation of the distracting 

stimulus, to be reinstated the next time that stimulus is encountered.   

 

The anterior cingulate cortex (ACC) is part of a circuit that regulates both 

cognitive and emotional processing. Early evidence suggested that the dorsal region is 

responsible for cognitive functions while the ventral region becomes active during 

affective tasks (Bush, Lu & Posner, 2000). However, a recent voxel-by-voxel meta-

analysis (Shackman et al., 2011) suggests that the dorsal ACC, or midcingulate cortex, 

may be responsible for integrating emotional information about negative emotions such 

as fear, anger and disgust with cognitive control mechanisms in order to determine an 

optimal course of action when two potential courses of action compete. Under either 

scenario, the ACC is a plausible substrate for the cognitive-emotional connections of the 

inhibitory devaluation effect. The dorsal region, in particular, has close connections with 

lateral prefrontal cortex (Ridderinkhof, et al., 2004) and may assist in exerting cognitive 

control via a feedback signal to cognitive control regions of the PFC (Niewenhuis, 

Yeung, van den Wildenber & Ridderinkhof, 2003), while integrating information about 
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negative affect arriving from regions such as the amygdala, striatum and insula 

(Shackman et al., 2011).  

 

These ACC connections are important in the resolution of conflict detection. For 

example, during the type of Go/No-go task that has been shown to result in inhibitory 

devaluation (e.g., Kiss et al., 2008; Frischen et al., 2012), response conflict between the 

prepotent Go response and the external No-go cue must be resolved by inhibiting the Go 

response. In neural terms, there is likely to be a response tendency toward the Go 

response (Niewenhuis et al., 2003), meaning that it will be at a higher baseline level of 

activity (i.e. it will be primed). A cue indicating that a response must be withheld (No-go 

cue) means that the No-go action of withholding a response must compete with the 

activation of the Go pathway and overcome it (Braver et al., 2001). Competition between 

the two response options means that when a No-go cue is seen, inhibition must be 

generated in order to overcome the higher activation of the Go response. This inhibition 

is then presumably interpreted as negative affect. This type of conflict is detected by the 

ACC and is reflected in increased ACC activity, which can be measured via the 

magnitude of the No-go N2 ERP component, a negative-going brain potential peaking at 

frontal sites (Niewenhuis et al., 2003) between 250 and 350 ms after the No-go cue is 

presented during a Go/No-go task. Cognitive control processes can then be engaged in 

order to resolve the conflict, perhaps via a feedback signal to cognitive control regions of 

the prefrontal cortex (Niewenhuis et al., 2003).  

 

Recent research (Kiss et al., 2008) has indicated that the magnitude of this No-go 

N2 component actually predicts the magnitude of inhibitory devaluation that is later 

observed for a particular stimulus. The paradigm involved a Go/No-go task in which 

stimuli were briefly presented while EEG was recorded. Participants made a response 

(pressing spacebar) to one set of faces and were required to withhold a response when the 

other face category was presented. Participants then rated each face on trustworthiness. 

Faces seen as No-go cues that were devalued (given lower ratings than Go faces) were 

associated with a larger No-go N2 component. Importantly, the magnitude of this 

inhibition-related component was associated with the extent to which prior distractors 
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subsequently received negative ratings. This strongly suggests that the magnitude of the 

ACC response to conflict may determine the magnitude of devaluation later associated 

with a stimulus.   

 

The ACC is deeply interconnected with all areas of the prefrontal cortex (e.g., 

Barbas, 1995). It is here in the PFC that inhibition must be generated in order to resolve 

response conflicts detected by the ACC. The PFC generates the top-down signals that 

allow other brain areas to be modulated in order to achieve goal-directed action selection 

(Ridderinkhof et al., 2004) via control of cortical and subcortical regions (Knight, 

Staines, Swick & Chao, 1999; Aron, Robbins & Poldrack, 2004). Inhibition, the 

suppression of inappropriate responses when a context has changed (Ridderinkhof et al., 

2004), allows the selected action to be undertaken even in the face of strong, competing 

signals from other brain regions. The PFC has been shown to undertake a number of 

inhibitory and control responsibilities, including suppression of sensory input that is 

irrelevant to the current task (Chao & Knight, 1998), sustained and phasic attention to the 

environment, and inhibitory control of internal mental representations (Knight et al., 

1999). Many cognitive tasks appear to be localized to a network of PFC areas including 

the dorsolateral PFC, inferior frontal cortex (IFC), and dorsal ACC (Aron et al., 2004; 

Duncan & Owen, 2000). However, inhibition may be specifically localized to IFC (Aron 

et al., 2004) and surrounding areas such as the middle frontal gyrus (Aron, Fletcher, 

Bullmore, Sahakian & Robbins, 2003), as lesions to this area strongly impair response 

inhibition (Aron et al., 2003).  Because motor responses (e.g., the Go process) are 

probably triggered from pre-motor areas projecting via the basal ganglia to primary motor 

cortex, No-go signals may be intercepted via the basal ganglia, particularly the globus 

pallidus (Aron, Durston, Eagle, Logan, Strear & Stuphorn, 2007). When an action is 

underway, a stop signal may activate the globus pallidus via projections from the 

subthalamic nucleus (Aron, Durston et al., 2007), an area that is directly connected to the 

IFC (Aron, Beherns, Smith, Frank & Poldrack, 2007).  
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Neural Mechanisms of Inhibitory Devaluation: Emotion  

Once conflict has been detected and lateral PFC has generated an inhibitory 

response, this inhibition must somehow be translated into the negative affect that is 

observed when an inhibited stimulus is later evaluated. This is likely to involve 

interconnections between a fronto-limbic network including the ventral portion of the 

ACC, the OFC and the amygdala. The ventral ACC tracks changes in internal state and 

evaluates their affective significance (Holland & Gallagher, 2004; Luu, Tucker, 

Derryberry, Reed, & Poulsen, 2003; O’Doherty, 2004; Zald, 2003) and may affectively 

evaluate the conflict signals generated by the dorsal ACC directly, or indirectly via 

inhibitory signals generated by the frontal-parietal attention network (Bunge, Ochsner, 

Desmond, Glover & Gabrieli, 2001; Kastner & Ungerleider, 2000; Kerns et al., 2004; 

Milham, Banich, Claus, & Cohen, 2003). The OFC codes stimulus reward value: the 

given expected value of a particular stimulus is flexibly updated in the OFC (Gottfried, 

O’Doherty & Dolan, 2003). The amygdala is active in emotional processing (Phelps, 

2006) and has extensive connections to brain areas that underlie cognitive functions, such 

as sensory cortices, the hippocampal complex, and the prefrontal cortex (Mahan & 

Ressler, 2012). It is thought to mediate the facilitation of attention with emotion (Phelps, 

2006). These interconnected areas may form the substrate of the affective devaluation 

associated with inhibitory responses. 

 

Recent imaging work largely supports the suggestion that inhibitory devaluation 

is accomplished via PFC-limbic connections during which the emotional value of the 

inhibited stimulus is updated. Doallo et al. (2011) used functional magnetic resonance 

imaging (fMRI) to investigate the inhibitory devaluation effect. While in the scanner, 

participants performed an inhibitory devaluation paradigm similar to that of Kiss et al. 

(2008): Task 1 was a Go/No-go task that required participants to press a key when Asian 

(or Caucasian) faces appeared on the screen and to inhibit responses to the other face 

type. Task 2 was an evaluation task in which participants rated each face on 

trustworthiness. Doallo et al. (2011) found three main categories of effects. First, activity 

in the middle frontal gyrus, an area of the prefrontal cortex involved in motor inhibition, 

showed an interaction between response (Go or No-go) and rating (low or high) such that 



 
 

18 
 

activity in this area for faces that were later rated low (devalued) was greater for No-go 

than for Go stimuli during Task 1.  

 

Secondly, Doallo et al. (2011) found significantly greater right amygdala activity 

during the rating task to devalued No-go faces compared to No-go faces that were given 

high ratings. This effect was not seen for Go faces. During the rating task, increases in 

amygdala response were also associated with greater OFC activation to low-rated No-go 

items.  

 

Finally, Doallo et al. (2011) observed a significant interaction between response 

and rating in the right lateral OFC during the Go/No-go task, and this interaction 

persisted to the rating task. A contrast for No-go-Low-Trust versus No-go-High-Trust 

revealed that right lateral OFC activity for devalued faces was significant during both the 

Go/No-go and the rating task. This activation was not significant for Go faces. This 

suggests that differential OFC activity may be involved in linking inhibitory processes to 

later emotional devaluation, climaxing in a behavioural response during the rating task. 

Doallo et al. (2011) also performed a correlational analysis that lent further support to 

this theory. OFC activity to No-go faces during the initial Go/No-go task was correlated 

with differential activation in motor inhibition-related regions of the lateral PFC shown 

for low-rated No-go faces. OFC activity also correlated with the magnitude of the 

behavioural devaluation effect.  

 

These findings suggest that levels of inhibitory processes during the Go/No-go 

task are correlated with activation in areas that are associated with emotional responses 

during the rating task, as well as with the affective ratings per se. Activity in areas 

controlling motor inhibition (e.g., lateral prefrontal cortex) and the OFC, involved in 

stimulus value representation and affective responses, systematically covaries with 

differential activation of the amygdala, known to be involved in emotional responses to 

faces. These findings are consistent with the model of inhibitory devaluation that 

suggests that inhibition of a particular stimulus results in negative affect that is then 

associated with the representation of the stimulus, which is then reactivated when the 
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stimulus is re-encountered. In neural terms, the negative affect attached to the stimulus 

may be coded by interactions between the OFC and the amygdala. OFC activity is 

correlated with activation in motor inhibition regions (lateral PFC) during the response-

inhibition task, and with both amygdala activation and subjective affective ratings during 

the subsequent rating task, suggesting that it may be the substrate of emotional 

devaluation. 

 

Solutions to Motivational Problems? 

The evidence summarized above suggests that ignoring or otherwise inhibiting a 

stimulus leads to a negative affective response to that stimulus when it is seen again. This 

effect has been observed for many types of stimuli, including visual patterns (Raymond et 

al., 2003) and affectively neutral (Fenske et al., 2005; Kiss et al., 2008) and mildly 

positive or negative (Frischen et al., 2012) faces. Inhibition can be generated by ignoring 

(Raymond et al., 2003), by using the preview search paradigm (Fenske et al., 2004), or by 

employing response inhibition tasks (Kiss et al., 2007; 2008). This effect is consistently 

observed when inhibition of any type has been previously applied to a visual stimulus, 

and is strongest in spatial locations where inhibition is expected to be strongest (e.g., near 

the target; Raymond et al., 2005). Such a consistent effect may be evident because it is 

adaptive. A mechanism to assess stimuli and devalue items that are not goal-relevant 

would assist in the efficient accomplishment of goals. The brain’s emotional systems 

could be pressed into service to indicate previously-avoided stimuli so that resources are 

not wasted reprocessing them.  

 

However, it has not been ascertained whether preferential processing of 

motivationally relevant stimuli (e.g., Field & Cox, 2008) shields them from being 

devalued after they have been associated with an inhibitory state. Recent work in this 

field has focused on neutral stimuli, with only a handful of recent studies examining the 

emotional effects of inhibition on mildly positive and negative stimuli (e.g., Frischen et 

al., 2012; Veling, Holland & van Knippenberg, 2008). It is important to determine 

whether devaluation occurs after inhibition of very motivationally relevant stimuli. It is 

possible that because motivationally relevant stimuli are processed preferentially, they 
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can escape devaluation. Conversely, it may be that inhibition is always associated with 

devaluation, no matter the a priori value of the inhibited stimulus, and that this is a 

relatively automatic process. If this is the case, perhaps such a task could be used 

deliberately to decrease the salience of stimuli that are motivationally relevant but 

maladaptive. For example, people who are trying to cut back on alcohol or substance use 

may find that alcohol- or drug-related cues are extremely salient, but acting on these cues 

is not adaptive. If consistently inhibiting such cues could devalue them, this could be 

used to help people in treatment for substance dependence. 

 

Recent research (Hanif, Ferrey, Frischen, Pozzobon, Eastwood, Smilek & Fenske, 

2012) suggests that practicing inhibitory control tasks may increase self-regulation. If the 

items being inhibited are actually cues that are likely to lead to relapse, this effect may be 

combined with the inhibitory devaluation effect to improve drug-cue avoidance. Practice 

inhibiting cues that may trigger relapse may cause the cues to become less salient and 

decrease their control over behaviour. Therefore, this technique could be used to develop 

interventions to help people increase self-regulation and decrease maladaptive responding 

to substance-related cues. To determine whether this would be feasible, it is first 

important to discover whether people who are in treatment for substance dependence, or 

at risk for one, show inhibitory devaluation at all. Substance dependence has been linked 

to problems with attention and inhibition. Low attention and executive function scores 

predict later substance use in adolescents (Tapert, Baratta, Abrantes & Brown, 2002) and 

individuals with substance dependence often have difficulties with attentional control 

(e.g., they show a strong attentional bias to drug cues; Field & Cox, 2008). Such deficits 

can make it difficult to prioritize information in the environment and concentrate on a 

task while resisting distraction. 

 

Similarly, people with substance dependence often show difficulties with 

cognitive control, especially the inhibition of prepotent responses. Administering cocaine 

leads to a reduced ability to inhibit responses to stop signals (Fillmore, Rush & Hays, 

2002), and regular cocaine users  (Fillmore & Rush, 2002) and even abstinent 

methamphetamine users (Monterosso, Aron, Cordova, Xu, & London, 2005) have 
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difficulties performing Go/No-go tasks. Thus, it may be difficult for people in treatment 

to perform a Go/No-go task at all. As well, problems with controlling inhibitory 

responses have been linked to relative rostral anterior cingulate hypoactivation in 

cocaine-dependent patients during the task (Li et al., 2008). Because this area is also 

strongly implicated in the inhibitory devaluation effect (Kiss et al., 2008), it is important 

to ensure that this population shows the inhibitory devaluation effect. Therefore, in 

Experiment 1 people in treatment for substance dependence performed a modified 

version of the Go/No-go then evaluate task used by Kiss et al. (2008) to ensure such 

individuals are able to perform the task adequately and to assess whether they show 

affective devaluation of previously-inhibited stimuli.   

 

One group that is heavily at risk for substance use is adolescents who have 

experienced adversity (e.g., have witnessed violence, had family members who abused 

drugs or alcohol, or who suffered from PTSD; Kilpatrick, Acierno, Saunders, Resnick, 

Best & Schnurr, 2000). Developing an intervention that could be used during key 

developmental times of increased risk such as adolescence might maximize its impact. 

The inhibitory devaluation effect has never been examined in an adolescent sample.  It is 

possible that the effect is present from a very young age. However, the brain matures 

over the course of childhood and adolescence, forming many of the connections that are 

present in the adult brain including the key cognitive control-limbic connections thought 

to underlie the inhibitory devaluation effect.  A recent model of adolescent development 

(Casey, Getz & Galvan, 2008) suggests that the early development of the limbic 

emotional brain areas combined with the late development of top-down prefrontal control 

systems may lead to a heightened response to incentives combined with decreased 

impulse control. This goes some way towards explaining the increase in risk-taking 

during adolescence, of which substance use is one facet. This theory also suggests that 

links between the PFC and limbic areas are not yet complete in adolescence: the 

inhibitory devaluation effect, which appears to rely heavily on cortical-limbic links, may 

not yet be fully present until the brain develops more completely in late adolescence. If 

the inhibitory devaluation effect aids goal accomplishment via affective devaluation of 

previously-avoided stimuli, the absence of this system in early adolescence may go some 
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way towards explaining the higher propensity for risk-taking in adolescence than in 

adulthood. However, it must first be determined experimentally whether the effect is 

present in adolescence at all, particularly in a sample that is at high risk.  

 

This thesis focuses on several aspects of the inhibitory devaluation effect that 

would impact its use as an intervention to decrease maladaptive emotional and 

motivational responses to drug cues. Chapters 1 and 2 examine the effect in two special 

populations: people in treatment for substance dependence, and a group of adolescents 

from an adverse background who are at high risk, to ensure that they are able to perform 

a standard inhibitory devaluation task given the possibility of difficulties with attention 

and cognitive control. The developmental trajectory of the inhibitory devaluation effect 

will also be determined in the adolescent sample. Chapters 3 and 4 examine the effect of 

inhibitory devaluation on motivationally relevant stimuli to determine whether these 

stimuli are devalued after they have been inhibited. The experiment reported in Chapter 3 

uses a value-learning paradigm to assign value to stimuli (e.g., Begleiter et al., 1983; 

Raymond & O’Brien, 2009), while the study in Chapter 4 examines the emotional and 

motivational effects of inhibition on sexually appealing stimuli. In particular, a key-

pressing task is used to determine whether inhibiting attractive images leads to a decrease 

in the amount of work participants are willing to do to see more images of this type. 

Taken together, these experiments allow me to examine the emotional and motivational 

effects of inhibition of motivationally relevant stimuli of a number of different types, and 

examine these effects in healthy individuals and two separate special populations.  
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Chapter 2 

Inhibitory Devaluation: Individuals in Treatment for Substance Dependence 

Addictions are chronic disorders that may be associated with maladaptive and 

9destructive behaviours. The consistent use of drugs of addiction leads the brain to be 

sensitized to their effects, while the incentive-sensitization of drug cues leads to 

compulsive use even when the pleasurable effects of the drug are no longer present (e.g., 

Berridge & Robinson, 1995). Researchers have generally focused on the cognitive 

difficulties associated with substance dependence, such as self-regulation and executive 

function. Importantly, however, difficulties with the emotional effects of attention may 

mediate some of the problems associated with substance dependence. People with 

substance dependence show a heightened attentional bias to drug-related stimuli (e.g., 

Townshend and Duka, 2001; Lubman, Mogg, Bradley, & Deakin, 2000; Franken, Kroon, 

Wiers, & Jansen, 2000). This attentional bias may increase drug-related cognitions, 

which in turn is likely to lead to increased drug craving (Franken, Stam, Hendriks, & van 

den Brink, 2003).  

 

As well as the increase in attentional bias, other problems with attentional and 

inhibitory control are consistently observed in people with substance dependence. Brain 

structures such as the anterior cingulate cortex (ACC) and the orbito-frontal cortex (OFC) 

that are consistently activated during attentionally-demanding tasks are often affected in 

individuals with substance dependence (e.g., Dom, Sabbe, Hulstijn and van den Brink, 

2005; Verdejo-Garcia, Bechara, Recknor & Perez-Garcia, 2006; Tekin & Cummings, 

2002). When these brain regions function abnormally, the results can include problems 

with attention, inhibition of thoughts and responses, and attentional control, all problems 

that are common in people with substance dependence. An understanding of the 

contributions of attentional control to these problems may help researchers to develop 

interventions that focus specifically on the attentional difficulties associated with 

substance dependence. In fact, recent evidence has suggested that attention-based 

interventions may actually decrease problems such as attentional bias to drug-related 

stimuli and decrease the cycle of craving and relapse (e.g., Field & Eastwood, 2005; 

Schoenmakers et al., 2007).  
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Problems with response inhibition can be explored using a Go/No-go task, in 

which participants are asked to respond to one cue and inhibit response to another. 

Inhibitory control is decreased in chronic cocaine users (Fillmore & Rush, 2002; Hester, 

Dixon, & Garavan, 2006; Lane et al., 2007) and methamphetamine users. Abstinent 

methamphetamine users show worse performance on response inhibition (Monterosso, 

Aron, Cordova, Xu, & London, 2005) and selective inhibition (Salo, et al., 2005) tasks 

than controls.  

 

Delay discounting is another measure of impulsivity or lack of inhibition. Delay 

discounting tasks give the choice of a smaller, immediate reward or a larger, temporally 

distant reward. Those who show a lack of inhibition will choose the smaller reward rather 

than wait for the larger reward, even if they acknowledge that the larger reward is more 

appealing and the better choice. People with substance use disorders show significantly 

more delay discounting than people who do not abuse drugs (Gottdiener, Murawski, & 

Kucharsji, 2008). Heroin users in treatment (Kirby, Petry, & Bickel, 1999), current 

alcohol abusers (Petry and Casarella, 1999; Petry, 2001), heavy drinkers (Field, 

Christiansen, Cole, & Goudie, 2007) and smokers (Reynolds, 2004) show higher levels of 

delay discounting than non-users. Delay discounting due to problems with inhibition may 

also be a factor in continued drug use. Drug users are less sensitive to immediate 

punishers and show a preference for smaller, more immediate gains, leading to increased 

immediate drug use even when they are able to acknowledge the greater future benefits of 

abstinence (Bickel & Marsch, 2001). 

 

Recreational users of cocaine also do not show a reliable inhibition-of-return 

effect (Colzato & Hommel, 2009). Inhibition-of-return refers to a slower response time to 

a location cued at least 300 ms previously compared to response times to non-cued 

locations (Posner, Rafal, Choate & Vaughan, 1985). The slowing of responses is thought 

to reflect an inhibitory state that acts to prevent attention from returning to locations that 

are uninformative for the task at hand. Such inhibition can also be associated with objects 

using a similar inhibition-of-return paradigm: when attention is disengaged from an 
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object, inhibitory effects are still found when the object is moved to a new location (e.g., 

Tipper, Driver, & Weaver, 1991). 

 

These attentional and inhibitory problems may help to continue the cycle of drug 

addiction. Problems with response inhibition make it difficult for an individual to resist 

the urge to take drugs. Increased delay discounting means that even if drug cues are 

resisted, the individual is unlikely to live with the short-term discomfort of withdrawal in 

the hopes of attaining the long-term rewards associated with giving up drugs. And biases 

in selective attention may play an important role in the development and maintenance of 

drug-taking behaviour (Cox, Brown & Rowlands, 2003). This attentional bias to drug-

related stimuli may co-opt the attentional system, making it difficult to attend to other 

stimuli when drug-related stimuli are in the vicinity. This can interfere with day-to-day 

functioning and make it difficult to avoid using drugs (since attention is riveted to any 

drug-related cues in the visual field). Attentional bias may also increase drug-related 

cognitions, leading to increased drug craving (Franken et al., 2003). In fact, the 

pretreatment attentional bias towards drug stimuli of individuals undergoing treatment for 

addiction predicts their likelihood of relapse at a follow-up three months afterwards 

(Marissen et al., 2006).  

 

Clearly, the maladaptive motivational salience of drug stimuli is a major problem 

for people with substance dependence. Such stimuli gain maladaptive incentive salience 

during the process of becoming addicted (Berridge & Robinson, 1995) and are the focus 

of maladaptive attentional biases that may increase craving and relapse. I hypothesize 

that computer-based tasks involving inhibition could help to break this cycle, both by 

devaluing inhibited drug cues after inhibition and by increasing self-regulatory ability 

(Hanif et al., 2011). However, because of the attentional and inhibitory difficulties 

experienced by many people with substance dependence, it is not clear that they would be 

able to easily perform such an inhibitory paradigm. Thus, it is important to first test the 

ability of a sample of participants who are in treatment for substance dependence to 

perform a task involving inhibition. As well, because they may show hypoactivation of 

the anterior cingulate (Li et al., 2008), an area that has been implicated in the inhibitory 
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devaluation effect (Kiss et al., 2008), it is not clear whether a sample of people in 

treatment would show the inhibitory devaluation effect at all. Here, I examine a sample of 

people in treatment for substance dependence - including polydrug users and those with 

comorbid affective and/or cognitive disorders - using an inhibitory devaluation paradigm 

modeled on Fenske et al. (2005) that takes advantage of the inhibition-of-return effect.  

 

Methods 

Participants 
Twenty-four participants were recruited from the Stonehenge Therapeutic 

Community in Guelph, Ontario. Stonehenge is a treatment facility that provides long-

term residential treatment for men and women with a history of acute and chronic 

substance abuse. Participants were volunteers who were not compensated, and gave full 

informed consent. Participants were largely polydrug users with drugs of choice 

including alcohol, cocaine/crack, opiates and crystal methamphetamine, and most also 

used tobacco (see Appendix A). Six participants indicated that they had been diagnosed 

with a comorbid disorder, including depression, anxiety, PTSD, ADHD or bipolar 

disorder. However, because this is typical of any sample of people in treatment for 

substance dependence, no participants were excluded on this basis. See Appendix A for a 

summary of participant individual differences.  

 

Stimuli, Apparatus, Design and Procedure 
Stimuli were digital colour photographs of faces. Face images (height: 7.5 degrees 

of visual angle) were frontal views, with neutral or smiling expressions and visible hair, 

neck, and eyes. Half were female and half were male. Pairs of face images, matched for 

sex, race, expression, age, gaze direction, and hair length and colour, appeared on a black 

field. Stimuli were presented on a laptop in a quiet room. Stimulus presentation and 

behavioural response collection was controlled by E-Prime software (Psychology 

Software Tools, Pittsburgh, PA, USA). 
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Participants performed an inhibitory devaluation paradigm based on Fenske et al. 

(2005). This was an inhibit-then-evaluate paradigm in which attentional inhibition was 

generated using a paradigm that induces inhibition-of-return effects (e.g. Tipper et al., 

2003). During attentional inhibition trials, a stop signal cue served to associate one of a 

pair of faces with an inhibitory state. No inhibition was generated during filler trials.  

 

To begin a trial, the participant pressed a ‘start’ key, and a 500-ms fixation cross 

appeared, followed by a face pair for 1000 ms. A 200-ms cue (a transparent red or green 

coloured oval) was then superimposed over one face. Faces could be clearly seen through 

the oval. The oval was presented over the left face in half of the displays and over the 

right face in the other half of the displays. The original display remained visible for an 

additional 1000 ms, followed by a 500-ms blank interval. When the oval was red, 

participants were required to refrain from pressing any key. Green ovals indicated filler 

trials, in which participants were required to quickly press the ‘4’ and ‘6’ number-pad 

keys with the index finger of each hand. Visual feedback was provided for correct and 

incorrect responses. Two thirds of trials were attentional inhibition (red oval) trials, and 

one third were filler (green oval) trials. Participants were then asked to indicate which 

person was ‘more trustworthy,’ on half the trials and ‘less trustworthy’ on the other half. 

Pressing a ‘ready’ key initiated a 500-ms blank interval and 500-ms fixation cross, 

followed by a 150-ms presentation of the same face pair just viewed in the corresponding 

cue sequence (approximately nine seconds earlier). A central ‘?’ prompt then appeared 

for 1500 ms. Choices were made during this time by pressing the ‘4’ (‘left face’) or ‘6’ 

(‘right face’) key. If no response was made within 1650 ms, visual feedback was given. 

To reduce potential fatigue or boredom artifacts, participants were given 48 trials (in 

contrast to the 96 trials included by Fenske et al., 2005). 

 

Results 
Data from one participant were excluded due to their inability to correctly 

complete the task. This participant did not report any comorbid disorders. After removing 

this participant, accuracy proportions were in the normal range for filler (M = 0.89, SD = 

0.22) and attentional inhibition (M = 0.92, SD = 0.11) trials. Choice scores were 
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calculated from the evaluation data by subtracting the proportion of chosen faces 

previously superimposed with a cue from the proportion not associated with a cue. 

Positive scores indicate a tendency to select the cued face; negative scores indicate a 

tendency to select the other, uncued, face. According to the inhibition-of-return effect 

(e.g., Tipper et al., 2003), participants should inhibit faces associated with a red-oval cue. 

Importantly, however, asking which face was ‘less trustworthy’ should require 

participants to overcome their response tendency to choose the uncued face and instead 

indicate that the cued face was associated with decreased affective evaluations. 

Therefore, a separate choice score was calculated for each participant following 

attentional inhibition trials for each question (‘more trustworthy’; M = 0.02, SD = 0.39, 

and ‘less trustworthy’; M = -0.18, SD = 0.33). The original finding (Fenske et al., 2005) 

was replicated: participants chose the uncued face as ‘more trustworthy’ while 

overcoming their response bias to indicate that the cued face was ‘less trustworthy’ in the 

attentional inhibition trials. Choice scores for uncued faces were significantly different 

from cued faces in attentional inhibition trials, indicating that the bias against choosing 

the cued face was overcome in order to declare the cued face to be less trustworthy,    

t(23) = 3.46, p < .01, d = .55.  There were no significant differences in the choice scores 

in the Go condition, p > .05 

 

Discussion 
 Participants in treatment for substance dependence were able to perform the 

response-inhibition task. Furthermore, despite high variability, they showed significant 

devaluation of inhibited faces. This is encouraging, as the majority of participants were 

polydrug users who had been in treatment a number of times, and several disclosed that 

they had been diagnosed with a comorbid disorder such as depression or PTSD (see 

Appendix A). Interestingly, although people in treatment for substance dependence have 

been found to have difficulties with inhibitory control tasks (e.g., Fillmore & Rush, 2002; 

Monterosso et al., 2005), this sample actually showed better performance on No-go than 

on Go trials. Because people in treatment for substance dependence are such a 

heterogeneous group, differing widely in age, background, comorbid disorders and length 

of time addicted, these results cannot be generalized to all substance-dependent 
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populations. However, it provides preliminary evidence that such a population is able to 

perform a rapid and difficult cognitive task with a relatively high level of accuracy. As 

well, these results suggest that the inhibitory devaluation effect may be present even in 

people who are likely to have brain changes due to substance dependence. This serves as 

preliminary evidence that polydrug users may be able to successfully complete an 

inhibitory paradigm that could be used to affectively devalue drug-related stimuli. 
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Chapter 3 

Inhibitory Devaluation in an Adolescent Sample 

Existing evidence suggests that cognitive inhibition has emotional effects: both 

attentional and response inhibition lead to emotional devaluation of the inhibited stimuli 

(Raymond et al., 2003; Frischen et al., 2012). This process may be adaptive, as it biases 

competition in favour of stimuli that were the targets of attention or a response, perhaps 

improving future avoidance of irrelevant or previously distracting stimuli. 

Communication between areas of the PFC that exert inhibition and affect-generating 

limbic regions appear to be crucial for the inhibitory devaluation effect (Doallo et al., 

2011).  

 

However, human limbic and cognitive control regions do not develop at the same 

rate. There are structural and functional differences in size and connectivity of cognitive 

control and emotional brain regions between children, adolescents and adults (Casey et 

al., 1997; Kelly et al., 2009), with adolescence involving rapid brain development in 

these areas. The maturation of these brain structures echoes the development of cognitive 

abilities. The inferior frontal cortex, a key region in response inhibition, is one of the last 

brain areas to develop during the course of adolescence (Aron, Robbins & Poldrack, 

2004), which has a direct impact on slow-developing inhibitory abilities during 

development. Increases in PFC and basal ganglia volume are associated with the 

development of cognitive control (Casey, Trainor et al., 1997). The development rate of 

white matter tracts also has an impact on ability: tracts running from the PFC to the 

striatum continue to develop from childhood to adulthood, and the development of these 

tracts is correlated with accuracy on a Go/no-go task (Liston et al., 2006).   

 

A recent model of adolescent development (Casey, Getz & Galvan, 2008) 

addresses the effect of the differential development of the cognitive and emotional brain 

networks on risk-taking behaviour in adolescence. Because the limbic reward systems 

develop earlier than top-down control systems, adolescents show a heightened 

responsiveness to incentives (Galvan et al., 2006; Yurgelun-Todd, 2007) coupled with 

decreased impulse control (Chambers, Taylor, & Potenza, 2003). Therefore, in 
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emotionally charged situations the more-developed limbic system will drive behaviour 

rather than the less-mature PFC system.  This results in increased reward-seeking and 

decreased cognitive control - a potent combination for risky behaviour such as substance 

use.  

 

This model goes some way to explaining the increased risk-taking behaviour seen 

in adolescence. However, this does not take into account the inhibition-emotion 

interactions such as the inhibitory devaluation effect, which may assist in the avoidance 

of appealing but maladaptive stimuli in the human adult.  If communication between 

prefrontal cognitive control areas and emotional limbic areas resulting in the emotional 

devaluation of previously-inhibited stimuli is possible even early in development, it may 

be a mitigating factor that can decrease risk-taking in adolescence. Conversely, if the 

connections between the inhibitory control areas and the emotional brain areas are not 

developed enough to devalue inhibited stimuli until later in adolescence, this may help to 

explain the decreases in risk-taking behaviour observed as the period of adolescence 

comes to a close. There may also be individual differences in the developmental 

trajectory of these inhibitory-emotional connections between adolescents, which may go 

some way to explaining individual differences in the propensity for risky behaviour 

during the adolescent years. 

 

There is some evidence that the developmental pattern described by Casey et al. 

(2008) - early emotional development and delayed inhibitory control development - may 

be exacerbated in adolescents with a predisposition towards risk-taking. Some factors that 

may predispose a person towards risk-taking behaviour include an adverse background, 

childhood stress and genetic components (Jessor, van den Bos & Vanderryn, 1995).  

 

 I examined the effects of age on inhibitory devaluation in adolescents using 

biologically-relevant (e.g., Toderov, 2011) face stimuli.        A group of at-risk 

adolescents completed a paradigm based on that used by Frischen et al. (Experiment 1; 

2012) in which participants responded to or inhibited a response to mildly positive and 

negative face stimuli. The adolescents were drawn from a cohort participating in a 
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longitudinal study of fetal cocaine exposure effects on physical, cognitive, and social-

emotional development (Crowley, Wu, Crutcher, Bailey, Lejuez and Mayes, 2009).  The 

sample was recruited at birth with children and families seen biannually thereafter, and 

consisted of those who had been exposed to cocaine in utero and others who were 

matched for SES but were not exposed to cocaine. The mothers of this cohort reported 

considerable stress in their parenting role, and all were living in extreme poverty. 

Children from these backgrounds are characterized as ‘at risk’ due to the co-occurring 

factors associated with illicit drug use and adverse pregnancy outcomes. These include 

poor prenatal care, use of multiple substances during pregnancy, poverty, poor nutrition, 

physical abuse, maternal depression, stress, and lack of social support (Bauer et al., 2002; 

Bendersky et al., 1996, 2006; Curry, 1998). 

  

 The literature suggests that cocaine exposure in utero may have lasting ill effects. 

Animal work (e.g., Estelles, Rodríguez-Arias, Maldonado, Aguilar, & Miñarro, 2006) has 

suggested that in utero cocaine exposure may result in permanent alterations of the 

structure and function of brain reward systems, including the ACC (Stanwood, 

Washington & Levitt, 2001), which has been linked to the inhibitory devaluation effect in 

humans (Kiss et al., 2008). Prenatal cocaine exposure is also a risk factor for substance 

use in adulthood: rats that have been exposed to cocaine prenatally are more likely to 

self-administer cocaine as adults  (Keller, Lefevre, Raucci, Carlson & Glick, 1996). It is 

possible that similar alterations to the ACC and other reward areas may be seen in 

humans, leading to decreased inhibitory devaluation in cocaine-exposed compared to 

non-exposed adolescents.  

 

However, this sample also includes adolescents who were not exposed to cocaine 

in utero but grew up in similarly adverse background. Dysregulation of stress response 

systems due to adverse early childhood experiences, such as abuse or maltreatment, 

affects brain development in the HPA (hypothalamic–pituitary–adrenal) axis (Thadani, 

2002; De Bellis, 2002). This kind of stress leads to alterations in brain growth and 

development, including changes in neurosteroids and catecholamine levels and long-term 

alterations in brain glucocorticoid receptors. These are similar to brain changes shown in 
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infants who were exposed to drugs in utero, suggesting that brain development may be 

affected similarly by environmental factors including maternal drug use and stressful 

experiences (Thadani, 2002). The negative affect and attentional difficulties associated 

with dysregulation of the body's stress systems due to trauma (Beers & de Bellis, 2002) 

may lead to a greater likelihood of using drugs or alcohol as a coping device later in life 

in order to alleviate traumatic memories in PTSD and reduce the symptoms of other 

psychiatric disorders (Chilcoat & Breslau, 1998; De Bellis, 2002). Indeed, increasing 

numbers of adverse childhood experiences are associated with an increased prevalence of 

drug use and alcoholism (Felitti et al., 1998), and members of a twin pair who have 

experienced abuse are more likely to develop substance dependence than their non-

abused twin (Kendler, Karkowski, Neale, & Prescott, 2000). These factors increase the 

likelihood of maladaptive risk-taking behaviour by adolescents who have grown up under 

such circumstances.  

 

Although children exposed to cocaine show difficulties with some cognitive tasks 

(e.g., the Stroop task, Mayes et al., 2005) and inhibition (e.g., Espsy, Kaufmann & 

Glisky, 2000) at early ages, the brain appears to compensate for many of these difficulties 

by the time a child reaches adolescence (Rao et al., 2007; Hurt et al., 2008). The ability to 

perform a Go/No-go inhibitory devaluation task could itself suggest that the neural 

pathways which sustained early damage due to prenatal cocaine exposure may be 

sufficiently plastic as to allow improved performance on attentional and response-

inhibition tasks as an adolescent. Significant findings of inhibitory devaluation would 

confirm that these children are able to overcome their early challenges in order to show 

normal devaluation of inhibited stimuli. It is possible, however, that the lingering effects 

of cocaine exposure on the ACC and other reward areas may lead to a decrease in 

inhibitory devaluation in cocaine-exposed compared to non-exposed adolescents.   
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Methods 

Participants 
Thirty-one participants (mean age 15.2 years, SD = 1.28, 12 females) were 

recruited from a longitudinal sample of adolescents from an at-risk background, 

comprising participants who had been exposed to cocaine and other drugs in utero (n = 

19) as well as non-exposed (n = 12) participants from a similar background. Prenatal 

cocaine exposure was determined by a combination of maternal report, urine toxicology 

in the prenatal or postpartum period and meconium toxicology for both mothers who 

reported cocaine usage and those who did not. The sample was recruited at birth with 

children and families seen every six months thereafter. Details of screening procedures 

for the substance-using mothers have been reported by Mayes, Bornstein, Chawarska & 

Haynes (1996) as well as Crowley et al., (2009). Participants were compensated $25 for 

their time. Informed consent was obtained from parents or guardians, and all participants 

gave informed assent.  

 

Stimuli, Apparatus, Design and Procedure 
Stimuli consisted of 192 digital black-and-white photographs of male and female 

faces which had previously been affectively evaluated in a pilot study (Frischen et al., 

2012). Half of the images had previously been rated as trustworthy and half as 

untrustworthy, and both sets contained an equal number of males and females. Each 

image, comprising 10.6 x 16.3° visual angle, was presented for 300ms on a light grey 

background at the centre of the screen. A central black fixation cross was displayed for 

1200ms between image presentations. Stimuli were presented on a Pentium-IV computer 

controlling a 51 cm color monitor (75 Hz, 1024 × 768 resolution) running E-Prime 2.0 

software (Psychology Software Tools, Pittsburgh, PA, USA). Displays were viewed at a 

distance of 75 cm in a sound-attenuated room, with low ambient illumination. 

  

The inhibitory devaluation paradigm was adapted from the Go/No-go task used in 

Frischen et al. (2012; Experiment 1). Participants performed 16 blocks, each comprising 

12 Go/No-go trials followed by 12 evaluation trials, for a total of 192 Go/No-go and 192 

Evaluation trials. The Go/No-go trials required participants to press the spacebar with 
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both index fingers as quickly as possible whenever a Go stimulus (which was defined as 

male faces in one half of the experiment and female faces in the other half) was displayed 

and to otherwise refrain from responding. The order of Go/No-Go stimulus assignment 

was counterbalanced across participants. Images were randomly drawn with the 

constraint that each set of 12 trials comprised equiprobable factorial combinations of sex 

and affect (trustworthy vs. untrustworthy). In the evaluation trials, participants judged the 

subjective kindness of the same 12 images that were presented in the same order for 

300ms each followed by a 2700ms plus 500 -700 ms blank interval. Images were rated on 

a 4-point scale from 1 (‘Not kind at all) to 4 (‘Very kind’), counterbalanced, by pressing 

the corresponding numeric key on a standard keyboard. Prior to each Go/No-Go then 

Evaluation cycle, a brief instruction screen appeared which reminded participants of the 

tasks to be performed. . Before beginning the experiment, participants performed one 

block of 12 Go/No-go and 12 evaluation trials. The experiment took approximately 20 

minutes to complete 

 

Results 
Only evaluation scores for images associated with a correct Go or No-go response 

were analyzed (mean accuracy 92%; SD = 0.04). 

 

Data were analyzed using a mixed-model repeated-measures ANOVA with Face 

Valence (Trustworthy, Untrustworthy) and Response (Go, No-go) as within-subject 

factors, Age (in months) as a covariate and Drug Status (Exposed, Non-exposed) as a 

between-subjects factor. There was a main effect of Response, F(1,29) = 4.27, p < .05, 

η2
partial  = .25, such that No-go faces (M = 2.36, SD = 0.30) were rated as less kind than Go 

faces (M = 2.48, SD = 0.27), consistent with the inhibitory devaluation effect. There were 

no significant interactions with drug status, F<1. There was a main effect of Face 

Valence, F(1,29)=147.22, p < .001, η2
partial= .84, such that trustworthy faces (M = 2.82, 

SD = 0.34) were rated as more kind than untrustworthy faces (M=2.01, SD=0.29). There 

was no interaction between Response and Face Valence, F<1.  

Although there were no significant effects of Drug Status, p > 1, when Exposed 

and Non-exposed groups were tested separately, there was a significant difference 
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between Go and No-go affective ratings only for the Non-exposed group  

 
 
Figure 1: Mean affective evaluation scores for each stimulus type. Evaluation scores 

ranged from 1 to 4, with larger values representing more positive affective ratings. 

 

 

(t(11) = 3.36, p =.006), although there was a marginal effect for the Exposed group (t(18) 

= 1.82, p = .086). 

Analysis then focused on the examination of age and the inhibitory devaluation 

effect: a Response (Go, No-go) by Age interaction, F(1,29)= 5.49, p <.05, suggested that 

the magnitude of inhibitory devaluation changed with age. Increasing age was positively 

associated with increasing inhibitory devaluation, r(31) = .45, p < .05. 
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Figure 2: Average Go ratings subtracted from average No-go ratings plotted against 

participant age in months. Negative scores indicate a larger magnitude of inhibitory 

devaluation. 

 

Discussion 
Here, the developmental trajectory of the inhibitory devaluation effect was 

assessed in a group of at-risk adolescents, who performed a Go/No-go then evaluate task 

with biologically relevant face stimuli taken from Frischen et al. (2012). Consistent with 

the results obtained from an adult population by Frischen et al. (2012), the adolescents 

evaluated the ‘trustworthy’ faces as more positive than the ‘untrustworthy’ faces. 

Importantly, they also showed a significant inhibitory devaluation effect: No-go items 

were consistently given lower ratings than Go items regardless of the valence of the face. 

This is evidence that the inhibitory devaluation effect is present in an adolescent 

population, even when other risk factors are present that may delay development.  
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Interestingly, inhibitory devaluation increased with increasing participant age. 

There is a significant positive correlation between age and magnitude of inhibitory 

devaluation, such that older participants showed a stronger ability to devalue previously-

inhibited items. This suggests that as the inhibitory control areas of the PFC develop in 

later adolescence (Casey et al., 2008), connectivity between these areas and the brain’s 

limbic areas may become stronger with age (Kelly et al., 2009; Liston et al., 2005) and 

lead to increased devaluation of inhibited stimuli. In order to confirm this, a group of 

younger, pre-adolescent participants should be tested using a similar inhibitory 

devaluation paradigm, controlling for other factors such as SES and background.  

 

No significant effect of prenatal drug exposure was seen either on ratings of face 

valence or inhibitory devaluation. This suggests that the problems seen with response-

inhibition tasks (e.g., the Stroop: Mayes et al., 2005) may not be as apparent by the time 

an exposed child reaches adolescence. The brain may be able to compensate for areas of 

damage or underdevelopment. For example, adolescents who were cocaine-exposed in 

utero show increased relative cerebral blood flow in PFC, ACC and amygdala despite 

lower overall cerebral blood flow compared to non-exposed adolescents (Rao et al., 

2007). This is hypothesized to be the result of compensatory mechanisms at work during 

neurodevelopment and may indicate a type of neural plasticity that would allow exposed 

participants to show similar inhibitory devaluation effects to their non-exposed 

counterparts. However, although the interaction was not significant, post-hoc tests do 

suggest that significant devaluation was present only in the non-exposed group. More 

data will need to be collected to resolve this question completely. 

 

These data suggest that inhibitory devaluation is seen in adolescent participants 

for both positive and negative faces. Faces are biologically relevant stimuli that are 

processed preferentially using a fast subcortical route (Johnston, 2005), even in infants 

(Toderov, 2011). Although emotional faces are particularly relevant, neutral faces also 

preferentially activate the amygdala (Kesler, West et al., 2001; Toderov, 2011), an area 

thought to be responsible for detecting salient or motivationally relevant stimuli 
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(Adolphs, 2010; Sander, Grafman & Zalla, 2003). This is evidence that motivationally 

relevant stimuli are susceptible to the inhibitory devaluation effect.  

  

A group of adolescents from an adverse background, one that increases their risk 

factors for substance use (Kilpatrick et al., 2000), showed significant inhibitory 

devaluation of face stimuli. This is promising evidence that interventions which use the 

inhibitory devaluation effect to decrease positive affect associated with drug-related 

stimuli may be effective in an adolescent sample.  
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Chapter 4 

Value Learning and Motivational Relevance 

Motivation and emotion are closely linked. In general, an organism is motivated 

to approach potentially rewarding stimuli and avoid those that can expected to be 

unpleasant (Duckworth et al., 2002; Krieglmeyer, Deutsch, De Houwer & De Raedt, 

2010). Conversely, the result of successful motivated behaviour leads to a feeling of 

pleasure or reward (e.g., acquiring food or avoiding an unpleasant lecture). Motivation 

and emotion rely on separate underlying, and dissociable, brain systems (e.g., Berridge & 

Robinson, 1995). However, both systems generally work together and both involve 

similar neurotransmitters and areas of activation. For example, the timecourse of 

dopamine release may affect whether the primary effect is motivational or hedonic (Koob 

& Volkow, 2010).  

 

The brain’s motivational system relies on the mesolimbic dopamine system, 

originating in the ventral tegmental area in the midbrain and projecting to the nucleus 

accumbens and prefrontal cortex (Robinson & Berridge, 1993). In particular, steady, 

rather than fast, dopamine release may have a role in motivation (Koob & Volkow, 2010; 

Schultz, 2007). The motivational system is activated during drug craving (e.g., a 

motivational drive to acquire drug after addiction has occurred): this form of motivation 

has been localized to a glutamate-mediated PFC-NAcc-ventral palladium pathway (Koob 

& Volkow, 2010). The dorsal striatum is also heavily involved in motivation (e.g., drug-

seeking; Everitt et al., 2008).  

 

The reward component of the emotional system broadly has its base in the ventral 

striatum, particularly in specific ‘hedonic hotspots’ (Pecina & Berridge, 2005) in the 

nucleus accumbens shell and ventral palladium. Striatal dopamine is released in response 

to drugs of abuse such as cocaine (Cox et al., 2009). The magnitude of dopamine release 

in ventral striatum correlates positively with hedonic response to drugs of abuse, and fast 

increases in dopamine release are related to reward and predicted outcomes of behaviour 

(Koob & Volkow, 2010). The amygdala is also deeply involved in emotion processing: it 

is important in emotional learning and perception of emotion (Gallagher & Chiba, 1996). 
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In particular, the amygdala has been shown to be involved in fear conditioning and fear 

perception (Ledoux, 2000; Cardinal, Parkinson, Hall & Everitt, 2002). Cortical regions 

are also very important to emotional response: the orbitofrontal, cingulate, and medial 

prefrontal cortices, as well as the insula, have close anatomical links to subcortical 

hedonic hotspots and are activated in humans during hedonic responses to drug reward 

(Koob & Volkow, 2010).  

 

The motivational and emotional systems complement each other, and it has long 

been recognized that both are important for behaviour. For example, the concept of ‘core 

affect’ (Russell, 2003) consists of both hedonic (pleasure-displeasure) and arousal 

(sleepy-activated) components. Interestingly, though, there is one common circumstance 

under which these systems become dissociated: addiction. In substance dependence, the 

motivational aspects can still be present even in the absence of any hedonic pleasure 

(Robinson & Berridge, 1993). This finding has led to conceptions of behaviour that take 

into account the distinction between motivation and affect.  

 

Because affect and motivation are closely linked but distinct, it is important to 

clarify the terminology I will use to describe them. Motivation can be defined as 

something that both energizes and directs behaviour. Motivation to act depends on both 

the organism (which must be in a state of activation in order to accomplish behaviour) 

and the stimulus that is the object of behaviour. A stimulus with high incentive salience 

has the ability to drive behaviour, and this is directional: it can be approach- or 

avoidance-related. When speaking of the motivational salience of a particular stimulus, I 

will be referring to its ability to drive behaviour (i.e. operationally, the amount of work an 

organism would be willing to perform in order to achieve a particular stimulus). Affect is 

the emotional or hedonic component of experience and refers to the pleasure or 

displeasure felt by the organism. It can also be affected by the positive or negative 

valence of stimuli that lead to the affective response (see Figure 3). 

 

In this chapter, I will explain why we would expect stimuli associated with 

positive or negative monetary value (i.e. gaining or losing a payout) to have both 
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motivational salience (approach or avoid) and hedonic value (positive or negative). The 

following chapter, conversely, will dissociate hedonic value from motivational salience 

and explore the effect of inhibition on each component separately.  

 

 

Figure 3: Motivation and affect both depend on the condition of the organism (e.g., core 

affect; Russell, 2003) and the contribution of the stimulus object. Core affect 

consists of hedonic and arousal components (affective and motivation) while a 

stimulus can have a positive or negative valence, usually in tandem with approach- 

or avoidance-related motivation (Chen & Bargh, 1999). Behaviour is the result of a 

combination of these factors. 
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Approach and Avoidance Motivation 

One link between affect and motivation is the behavioural tendency to approach 

or avoid particular stimuli. Stimuli are thought to automatically evoke stored positive or 

negative affective information. This leads to a behavioural tendency to approach stimuli 

that have been evaluated as positive and avoid stimuli that have been evaluated as 

negative (Chen & Bargh, 1999). Chen and Bargh (1999) used behavioural tasks 

associated with approach motivation (pulling a lever toward oneself) and avoidance 

motivation (pushing a lever away from one’s body) to determine whether the valence of a 

word influences automatic tendencies to act. Participants were faster to make an approach 

response to a positive word and an avoidance response to a negative word, and this was 

the case whether or not the participants were asked to explicitly evaluate the word. The 

same effect has been found for stimuli that are not explicitly positive or negative. 

Duckworth, Bargh, Garcia and Chaiken (2002) found that participants were faster to 

make an approach response to nonrepresentational novel stimuli previously validated (in 

a pilot study) as positive and to make an avoidance response to novel negative stimuli. 

This line of research suggests that the positive or negative valence of affective stimuli 

must be taken into account when using such stimuli.  

 

Previous inhibitory devaluation studies have used stimuli that did not have high 

levels of motivational salience: images of average faces with neutral expressions (Fenske 

et al., 2005; Goolsby, Shapiro, & Raymond, 2009; Kiss et al., 2007; 2008; Raymond et 

al., 2005) or colourful abstract art-like patterns (Fenske, Raymond, & Kunar, 2004; 

Raymond et al., 2003; 2005). Although they may have had meaning for individual 

participants, these items did not have an explicit positive or negative valence and would 

not be expected to evoke a motivated response. Recent work (Frischen et al., 2012, 

Experiment 1) has suggested that inhibiting mildly positive and negative faces leads to 

devaluation regardless of the a priori value of the stimulus.  This is in striking contrast to 

the findings of Veling, Holland and van Knippenberg (2008), who theorized that 

devaluation should be seen only when a stimulus associated with approach motivation 

has been inhibited. Veling et al. (2008) suggest that in circumstances where the innate 

valence of a stimulus (e.g., positive/approach-related) conflicts with a situation that 
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requires inhibition of that approach response, the response conflict is solved by 

associating negative affect with the approach-related stimulus in order to make the 

approach-related stimulus less desirable. This negative affect acts to lessen the approach 

motivation of the stimulus, making it easier to obey the ‘do-not-approach’ cue. Because 

similar conflict would not occur when the stimulus has a negative valence that would 

presumably be associated with avoidance motivation.  

 

Veling et al. (2008) conducted a number of experiments using positive, neutral 

and negative images taken from the International Affective Picture System (IAPS; Lang, 

Bradley, & Cuthbert, 2008). They used a Go/No-go task in which the emotional stimuli 

were paired with a superimposed Go/No-go cue consisting of a letter presented near one 

of the corners of the image. Their results supported their hypothesis: devaluation was 

observed only for the positive, but not for the neutral or negative, IAPS images. These 

findings contrast with those of Frischen et al. (2012); however, this is likely due to 

methodological differences. The No-go cue, the letter, was not an integral part of the 

stimulus, but was superimposed onto the corner of the image. Because inhibitory 

devaluation acts on the stimulus dimension that forms the basis of the selection process 

(Goolsby et al., 2009) or that is critical for making an appropriate response, devaluation 

may have been shown only for the letter, the recipient of the inhibition. However, when 

the image associated with the No-go cue is positive, it may broaden the focus of attention 

(Fenske & Eastwood, 2003) to include other elements, including the affective picture. 

This would lead to negative affect being associated with the picture when it is viewed 

again. Negative stimuli, which narrow the focus of attention, should show no such effect.  

 

Frischen et al. (2012) assessed this possibility by presenting the same positive and 

negative affective images used by Veling et al. (2008) in a version of the Go/No-go-then-

evaluate task.  Both the strongly positive and the strongly negative IAPS images were 

significantly devalued after having been seen as the No-go cue, lending strong evidence 

to the hypothesis that both positive and negative images are emotionally devalued after 

inhibition (Frischen et al., 2012, Experiment 2).  
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Value Learning and Stimulus Control 

Although inhibitory devaluation has been observed when the Go and No-go cues 

were strongly positive and negative IAPS images (Frischen et al., 2012, Experiment 2), 

these emotional images did not have well-controlled motivational value. Although it is 

assumed here that the images may have evoked stored behavioural approach or avoidance 

tendencies (Chen & Bargh, 1999), these may have varied in magnitude for different 

images and for different participants. In order to study the effect of stimulus motivational 

salience on the magnitude of the inhibitory devaluation effect, it is important to use 

tightly controlled stimuli with a well-characterized motivational value. This is of 

particular importance because primarily emotional stimuli (positive and negative 

pictures) and stimuli high in motivation but low in emotion (money) involve different 

processing stages and dissociable neural substrates. Emotional salience is processed 

primarily in areas such as the amygdala, while motivational salience relies more on the 

ventral striatum/nucleus accumbens. If it is possible to modify the motivational incentive 

associated with a particular stimulus using a task involving inhibition, it is important to 

find motivationally-relevant stimuli that do not include a strong emotional component. 

One way to do this is using a Value Learning task to modify the motivational salience of 

an initially neutral image.   

 

Conditioning can be used to associate neutral images with a positive or negative 

emotional response by repeatedly pairing the neutral image with a rewarding or aversive 

stimulus. After a number of pairings, the initially neutral stimulus comes to be associated 

with reward or loss and will itself become motivationally salient and able to generate an 

emotional response. Conditioned rewards then activate the same neural structures as 

primary rewards, including the ventral striatum (McClure, York & Montague, 2004). 

Stimulus conditioning can be used to ensure that the stimuli used under experimental 

conditions will generate the expected emotional response (Armony & Dolan, 2002). 

Using novel geometric stimuli in this type of pairing also eliminates any emotional or 

motivational value that is innate to stimuli such as faces.  
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Indeed, such paradigms have been used to associate neutral stimuli with a positive 

or negative ‘expected value’ (EV) in order to change the motivational value of a stimulus. 

For example, Pessiglione, Seymour, Flandin, Dolan, & Frith (2006) associated abstract 

visual stimuli with a 0.8 or 0.2 probability of gaining or losing a small amount of money. 

Participants learned the association between the selection of a particular stimulus and a 

high- or low-probability reward or loss outcome. The expected value of the initially 

neutral stimulus was updated based on the participant’s experience of the outcome 

associated with stimulus selection. This allowed precise manipulation of the salience of a 

given stimulus, as the participant’s experience with the item could be controlled by the 

experimenter.  

 

Raymond & O’Brien (2009) used a similar paradigm to experimentally 

manipulate the motivational value of a stimulus. Again, neutral stimuli (faces) were 

associated with a 0.8 or 0.2 probability of gaining or losing a small amount of money. 

Different faces were associated with different predicted-value codes. The value-

associated faces were then inserted into an attentional blink paradigm in order to 

determine the effect of constrained attention on EV-associated stimuli. Raymond and 

O’Brien found enhanced recognition for stimuli that were highly predictive of outcome 

(regardless of valence). However, under conditions of constrained attention, gain-

associated stimuli were able to ‘escape’ the attentional blink, showing a processing bias 

in favour of rewarding stimuli. This suggests that the Value Learning paradigm has 

changed the brain’s processing of the initial neutral stimuli based on experience with 

selection outcomes.  

 

Neural Coding of Expected Value  

A candidate for a common neural currency that would allow comparison between 

many different types of rewarding and punishing stimulus options is dopamine 

projections to the orbitofrontal cortex (OFC). Midbrain dopamine neurons are responsible 

for encoding errors in reward prediction (Schultz, Dayan, & Montague, 1997) in both the 

timing and amount of future rewarding events (Montague & Berns, 2002). This 

information allows the current representation of the value of a stimulus to then be 
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updated, most likely in the OFC. This forms the basis of a system that can convert 

disparate types of rewards into a consistent neural currency that can then be used for EV 

comparison purposes (Montague & Berns, 2002). 

 

Indeed, the OFC has proven to be very important in tracking the reward value of 

stimuli. O’Doherty, Kringelbach, Rolls, Hornak & Andrews (2001) used fMRI to 

examine brain activity during a task associated with monetary reward and punishment. 

Distinct areas of the OFC were activated during reward (medial OFC) and punishment 

(lateral OFC), and the magnitude of the activation correlated with the magnitude of the 

reward or punishment received. 

 

However, other brain areas interact with the OFC to encode the current expected 

reward value of a stimulus. The work of Schoenbaum, Setlow, Saddoris & Gallagher 

(2003) suggests that interactions between the OFC and the basolateral nucleus of the 

amygdala are responsible for value acquisition. They lesioned the basolateral amygdala 

of rats while recording from OFC during an odor discrimination acquisition task. Lesions 

to the amygdala prevented activity in the OFC neurons that encode the expected outcome 

of a cue. Similarly, in humans devalued olfactory cues (i.e. which no longer represented a 

reward) were associated with decreased OFC and amygdala responses compared to non-

devalued cues (Gottfried, O’Doherty & Dolan, 2003). This suggests that cortical and 

subcortical regions work together in order to code stimulus value.  

 

Amygdala activity does appear to correlate with value learning. Paton et al. 

(2006) recorded the activity of single amygdala neurons in monkeys while the monkeys 

learned the positive or negative value of new, abstract images. A rewarding (liquid 

reward) or aversive (air puff) stimulus was consistently paired with the abstract images, 

requiring the monkeys to learn which stimulus to expect. As the monkeys learned the 

value of the images, amygdala activity reflected the images’ changing value.  

 

Some evidence suggests, however, that gain and loss may be coded differently in 

the brain. Rewarding stimuli consistently increase activity in a common set of neural 
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structures including the OFC, amygdala, and vACC/nucleus accumbens (McClure, York 

and Montague, 2004). These areas are activated by primary rewards such as food, water 

and sexual stimuli, as well as by conditioned rewards such as money and positive 

feedback. Loss, however, may be coded primarily in the amygdala. Yacubian, Glascher, 

Schroeder, Somme, Braus, & Buchel (2006) used fMRI to dissociate the neural responses 

to the probability and magnitude components of EV. Participants had to guess which of a 

set of cards would gain or lose them variable amounts of money. Yacubian et al. (2006) 

found that while ventral striatum coded both reward probability and magnitude of gain-

related EV, loss-related EV was associated with amygdala response.  

 

Effect of Inhibition on Affective Ratings of Gain- and Loss-related Stimuli 

The OFC and fronto-limbic reward network seem to be involved in tabulating the 

amount of reward a particular stimulus is likely to yield. This reward tally can be updated 

when more experience with a particular stimulus leads to better information about its 

predicted reward value, as midbrain dopaminergic projections encode errors in reward 

prediction. Thus, when a previously-neutral stimulus is associated with monetary gain or 

loss, its representation is modified to reflect its change in reward value. Because 

rewarding stimuli are associated with positive affect while punishing stimuli are 

associated with negative affect (Berridge, 2003), behaviourally this change in stimulus 

value should be reflected by a similar change in affective ratings of that stimulus.  

 

What happens when this value-associated stimulus then becomes an inhibitory 

cue? Veling et al. (2008) suggest that it will be emotionally devalued as the brain 

associates the inhibitory response with negative affect – but only if it was Gain-

associated. Loss-associated images will show no change in value after having been 

inhibited. However, inhibiting a prepotent response, no matter the a priori value of the 

inhibitory cue, always recruits brain areas that detect response conflict. These include the 

dorsal anterior cingulate cortex (dACC; Kerns et al., 2004) and basal ganglia (e.g., Aron, 

Poldrack, & Wise, 2009). These areas are closely associated with brain regions that 

assess the salience of emotional and motivational information, such as the ventral anterior 

cingulate cortex, OFC, amygdala and striatum (Bush, Luu, & Posner, 2000; Yamasaki, 
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LaBar, & McCarthy, 2002). These inhibitory signals may be interpreted as aversive 

events, leading the limbic system to code them as affectively negative. This process is 

likely to be fairly automatic (Frischen et al., 2012), meaning that after an inhibitory 

response, negative affect will be associated with a stimulus regardless of its a priori 

positive or negative value. This negative affect would serve to promote subsequent 

avoidance of a stimulus which experience has shown to be distracting. 

 

To test these competing hypotheses, a value-learning task similar to that of 

Raymond and O’Brien (2009) was used to associate monetary gain or loss with 

previously novel stimuli. Only the valence component of EV was manipulated here: all 

probabilities were held constant at 100% probability of reward or loss in order to 

associate maximum positive or negative valence with each stimulus. This task allows the 

valence of stimuli to be strictly controlled. Associating a stimulus with an increase or 

decrease in money also changes the motivational value of that stimulus (Raymond & 

O’Brien, 2009), allowing us to assess the effect of tasks that require inhibition on 

motivationally-relevant stimuli.  

 
Experiment 3: Value Learning Ratings 

Methods 

Participants 
Fifteen undergraduate students (9 females, mean age 19.4 years, SD = 4.5 years) 

with normal or corrected-to-normal vision participated in exchange for course credit,and 

were additionally paid any money earned during the experiment (up to $7.50). 

 

Stimuli, Apparatus, Design and Procedure 
 Sixty abstract art-like patterns, measuring 2.4 x 2.4 degrees at a viewing distance 

of 57 cm, served as stimuli. One third of the stimuli were primarily composed of red 

squares, one third of yellow squares and one third of green squares. All stimuli were 

presented on a black background. Stimulus presentation and behavioural response 
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collection were controlled by E-Prime 1.1 software (Psychology Software Tools, 

Pittsburgh, PA, USA) running on an Intel Core2Duo computer. 

   

 Participants completed a value learning task followed by an affective rating task. 

The value learning task required participants to decide whether to ‘save’ or ‘discard’ a 

series of stimuli. On each trial, a fixation cross appeared for 1000 ms in the centre of the 

screen, followed by a randomly selected stimulus until response. Participants were 

initially unaware of the Gain, Loss or Neutral associations of the image types and learned 

these over the course of the task. They indicated their choice by pressing the ‘S’ (save) or 

‘D’ (discard) key on a standard keyboard. After responding, reward feedback was 

displayed which informed participants whether their choice resulted in a gain or loss of 

money. Feedback was displayed until participants pressed a button to continue. A running 

total of earnings appeared at the same time. Each stimulus color (red, yellow, or green) 

was consistently associated with either a Gain (+$0.05), Loss (-$0.05), or Neutral (no 

change in monetary balance) outcome when the image was ‘saved’. Choosing to discard 

an image resulted in a neutral outcome, regardless of image color. The assignment of 

image color to reward outcome was counterbalanced across participants. In total, ten 

green, ten red and ten yellow stimuli were presented in a self-paced, random order. Each 

image was seen five times with the same reward contingency upon each viewing, for a 

total of 150 trials. At the completion of this task, participants were paid the amount they 

had earned in cash in addition to the course credit they received.  

 

In the rating task, participants were asked to judge how much they liked a given 

stimulus on a scale from 1 (‘Dislike very much’) to 4 (‘Like very much’) by pressing the 

corresponding keys on the keyboard. Participants viewed all the images that they had 

previously encountered in the value learning phase, as well as a set of novel images, 10 in 

each color category. Each stimulus was presented for 250 ms in a random order.    

 

Results  

Data from one participant were excluded because accuracy was below 50% on the 

Value Learning task. Mean ratings were influenced by reward outcome. A 2 (Novelty: 
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Previously-learned vs. Novel) x 3 (Reward: Gain, Loss or Neutral) repeated-measures 

ANOVA revealed that the value previously associated with a stimulus influenced later 

ratings of that stimulus (F(2,13) = 14.55, p < .001, η2
partial  = .53). Previously-learned Gain 

stimuli (M = 3.36, SD = 0.65) were rated significantly higher than Neutral stimuli (M = 

2.52, SD = 0.71), t(13) = 2.75, p = .02, d = 1.23, which in turn were rated significantly 

higher than Loss stimuli (M= 1.75, SD = 0.70), t(13) = 3.05, p = .009, d = 1.09 (see 

Figure 4). 

 

Novel stimuli were rated in the same manner as previously-learned stimuli (all 

main effects and interactions involving Novelty, F < 1), suggesting that value learning 

was so effective that the learned incentive values carried over to novel items of the same 

category that defined the type of reward. These results show that value learning had the 

desired effect: stimuli associated with monetary gain were rated positively whereas 

stimuli associated with monetary loss were rated negatively (cf. Knutson et al., 2003). 

These learned incentive values carried over to novel items of the same category that 

defined the type of reward. 
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Figure 4: Mean affective evaluation scores for each stimulus type after the Value 

Learning task. Evaluation scores ranged from 1 to 4, with larger values representing 

more positive affective ratings.  

 

Discussion 

This experiment indicated that affective ratings of stimuli were influenced by 

their incentive value acquired through association with monetary reward or loss. In 

Experiment 4, I examined whether inhibiting stimuli with different incentive values 

influences the nature and the magnitude of the inhibitory devaluation effect. Participants 

performed a similar Value Learning procedure before viewing the value-associated 

stimuli in a Go/No-go inhibitory devaluation task modeled on the paradigm used by Kiss 

et al. (2008). I predicted that both stimuli associated with Gain (mildly positive) and 

stimuli associated with Loss (mildly negative) would show decreased ratings after having 

been inhibited.  
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Experiment 4: Value Learning Devaluation 

Methods 

Participants 
Eighty-two undergraduate students (62 females, mean age 18.5 years, SD = 1.9 

years) with normal or corrected-to-normal vision participated in exchange for course 

credit, and were additionally paid any money earned during the experiment (up to $7.50).  

 

Stimuli, Apparatus, Design and Procedure 
All aspects of this study were identical to Experiment 3, except for the following 

changes and additions: the Value Learning task was simplified to include only Gain and 

Loss outcomes. Red and green square-shaped stimuli (48 of each color) or red square- 

and diamond-shaped stimuli (48 of each shape, created from red-square items rotated by 

45 degrees) were used. The reward contingencies were based on either colour (red or 

green) or shape (squares or diamonds) for separate groups of participants in order to 

control for the possibility that participants might have an innate preference for one colour 

or shape over another. Each image was presented twice, for a total of 192 trials. 

  

After the Value Learning task, participants completed an inhibitory devaluation 

task that employed the same stimuli that had previously been associated with value. The 

design was adapted from the Go/No-go task used by Kiss et al. (2008). Participants 

performed two successive tasks (Go/No-go and Evaluation), where each block of 12 

Go/No-go trials was followed by a block of 12 Evaluation trials. Prior to each Go/No-go-

then-Evaluation iteration, a brief instruction screen appeared, reminding participants of 

the tasks to be performed. Participants performed 16 iterations of Go/No-go-then-

Evaluation tasks, for a total of 192 Go/No-go and 192 Evaluation trials. 

  

The Go/No-go task required participants to press the spacebar with both index 

fingers as quickly as possible either whenever a ‘Go’ stimulus was displayed and to 

refrain from responding otherwise. A ‘Go’ stimulus was defined as a red or square-

shaped stimulus in one half of the experiment and a green or diamond-shaped stimulus in 
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the second half (counterbalanced). The 12 trials within each Go/No-go block were drawn 

equally from a 2 (response: Go vs. No-go) x 2 (valence: Gain or Loss) repeated-measures 

design, counterbalanced for stimulus colour or shape. Each image was presented for 300 

ms, followed by a 1200-ms blank interval until the next image appeared. After the final 

trial of the Go/No-go block, a feedback screen informed participants about their average 

response time (RT) and accuracy for that block.  

 

In the Evaluation task, participants rated the same images they had just seen in the 

preceding set of 12 Go/No-go trials, in the same order. They judged how much they liked 

each stimulus on a scale from 1 (‘Dislike very much’) to 4 (‘Like very much’) by 

pressing the corresponding numeric key on a standard keyboard. Each stimulus was 

presented for 300 ms, followed by a 2700 ms blank interval. The order of the ‘Go’ 

images (red or green/squares or diamonds) was counterbalanced, so that the Go stimuli 

were Gain-associated in the first block and Loss-associated in the second block for half of 

the participants, and the reverse order was used for the remaining participants. 

 

Results 
Data from five participants were excluded because they consistently failed to 

respond within the 1500 ms time limit on Go trials. Data from one participant were 

excluded due to failure to learn the reward contingency (accuracy was below 50% on the 

Value Learning task). Affective evaluation scores for images that had received inaccurate 

responses (3.7% of trials) were also removed. Results are reported for the remaining n = 

76 participants.  

 

The remaining mean rating scores were entered into a 2 (Go Cue: colour or shape) 

x 2 (Prior Valence: Gain or Loss) x 2 (Response: Go or No-go) mixed ANOVA. The Go 

cue type did not influence any of the other variables (all ps > .05). An inhibitory 

devaluation effect was observed with a significant difference between ratings for Go and 

No-go stimuli, F(1,74) = 15.98, p < .001, η2
partial = .16. However, this main effect was 

qualified by an interaction with Valence, F(1,74) = 5.3, p = .024, η2
partial = .07. Although 

significant for both, the inhibitory devaluation effect was more robust for Loss-associated 
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stimuli (t(75)= 4.55, p < .001, Cohen’s d = 0.21) than for Gain-associated stimuli, t(75) = 

2.17, p = .033, Cohen’s d = 0.46 (see Figure 5).  

 

 
Figure 5: Mean affective evaluation scores for each response type (‘Go’ versus ‘Nogo’) 

and for each outcome value associated with stimuli via the previous Value Learning 

task. Evaluation scores ranged from 1 to 4, with larger values representing more 

positive affective ratings. Error bars reflect standard errors of the means. 

 

Discussion 

The results of this experiment suggest that inhibition elicits a negative affective 

response for both Gain-associated and Loss-associated stimuli. Stimuli with prior 

negative valence and stimuli with prior positive valence were liked less after having been 

associated with an inhibitory cue, in contrast to the results reported by Veling et al. 

(2008). As well, stimulus value appears to be flexibly updated depending on participants’ 

experience: stimuli begin with relatively neutral value, gain incentive salience when 

associated with gain or loss in a Value Learning paradigm, and subsequently undergo 

experience-dependent decreases in value after being associated with an inhibitory 

response. To determine whether this is the case, Experiment 5 explicitly measures 

participants’ judgments of liking of a subsection of Gain-associated and Loss-associated 
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stimuli immediately after the Value Learning task is completed. The remaining images 

were viewed either as Go or No-go cues and then rated.  

 

Experiment 5: Value Learning Devaluation 

Methods 

Participants 
Forty-nine undergraduate students (35 females, mean age 18.9 years, SD = 1.47 

years) with normal or corrected-to-normal vision participated in exchange for course 

credit and were additionally paid any money earned during the experiment (up to $7.50).  

 

Stimuli, Apparatus, Design and Procedure 
All aspects of this study were identical to Experiment 4, except that only red 

square- and diamond-shaped stimuli (48 of each shape) were used. Each image was 

presented twice, for a total of 192 trials. An additional affective rating task was added 

after completion of the Value Learning task. Participants viewed half of the images that 

they had previously encountered in the Value Learning phase for 250 ms in a random 

order and indicated how much they liked each stimulus on a scale from 1 (‘Dislike very 

much’) to 4 (‘Like very much’) by pressing the corresponding keys on the keyboard.  

 

The inhibitory devaluation task was identical to that of Experiment 4. The 

remaining 48 stimuli (24 squares and 24 diamonds) that had not been previously rated 

were seen as Go or No-go cues in a Go/No-go task in which the 12 trials within each 

Go/No-go block were equally drawn from a 2 (response: Go vs. No-go) x 2 (valence: 

Gain or Loss) repeated-measures design, counterbalanced for stimulus shape. In the 

Evaluation task, participants rated the same images they had just seen in the preceding set 

of 12 Go/No-go trials, in the same order, on a scale from 1 (‘Dislike very much’) to 4 

(‘Like very much’) by pressing the corresponding numeric key on a standard keyboard. 

The order of the ‘Go’ images (squares or diamonds) was counterbalanced, so that the Go 

stimuli were Gain-associated in the first block and Loss-associated in the second block 

for half of the participants, and the reverse order was used for the remaining participants. 
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Results 
Data from six participants were excluded due to failure to learn the reward 

contingency (accuracy was below 50% on the Value Learning task). Affective evaluation 

scores for images that had received inaccurate responses were also removed. Results are 

reported for the remaining n = 43 participants.  

 

In line with Experiment 3, ratings for Gain-associated stimuli were significantly 

higher (M = 2.62, SD = .67) than Loss-associated stimuli (M = 2.20, SD = .56) 

immediately after completing the Value Learning task (t[42] = 2.63, p < .05, Cohen’s d = 

.68).  

 

Mean ratings scores for the remaining 48 stimuli were entered into a 2 (Prior 

Valence: Gain or Loss) x 2 (Response: Go or No-go) repeated-measures ANOVA. An 

inhibitory devaluation effect was observed, with a significant difference between ratings 

for Go (M = 2.65, SD = 0.43) and No-go stimuli (M = 2.28, SD = 0.36), F(1,42) = 16.18, 

p < .001, η2
partial.= .28. There were no significant effects of Valence (F(1,42) = .78, p > 

.05, η2
partial = .02, and no interaction with Valence, F(1,42) = .65, p > .05, η2

partial= .02.  

 

Discussion 
These results confirm that the EV associated with each image is flexibly updated 

depending on its particular history. Initially, the art-like images are completely novel and 

are not associated with a particular value. After the Value Learning task, each image is 

associated with positive or negative EV, which leads to positive and negative affective 

ratings, respectively. However, when these Gain- and Loss-associated images are then 

seen as No-go images, their ratings are significantly decreased compared to those seen as 

Go images. It seems likely that the negative affect associated with the inhibitory response 

overwhelms the previously-learned EV. This is possibly due to updating of the stimulus 

representation in amygdala and OFC.  
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Chapter 4 Discussion 

Previously inhibited stimuli are typically liked less than stimuli that have been the 

object of attention or a behavioural response. However, until recently it has been unclear 

whether this inhibitory devaluation effect was due to increased negative affect per se, or 

due to a reduction in affective salience only for stimuli with a positive a priori valence. 

Here I presented evidence that abstract patterns which acquired motivational salience 

after pairing with monetary gain or loss were devalued after being inhibited, regardless of 

their a priori value.  

 

In Experiment 3, abstract patterns with no prior meaning were associated with 

positive or negative valence using a value learning procedure. Stimuli associated with 

monetary gain were initially rated more positively than stimuli associated with monetary 

loss. In Experiment 4, after the same images were presented as Go or No-go items, both 

Gain and Loss stimuli were rated more negatively, further supporting the negative affect 

account of inhibitory devaluation. Furthermore, the devaluation effect was more 

pronounced for Loss stimuli, possibly because the negative outcome had a greater impact 

or stronger association with the stimulus than reward. However, this effect was not seen 

in Experiment 5. Experiment 5 allowed clarification that stimulus value is updated over 

the course of the experiment by explicitly measuring stimulus ratings both immediately 

after the Value Learning phase and after some stimuli have been devalued.  

 

If even motivationally salient items can be devalued after they are required to be 

inhibited, as this series of experiments suggests, it may be that this effect is found for all 

stimuli types, regardless of their valence or motivational value. This may be a universal 

mechanism. It is also likely to be adaptive: when a stimulus that has a high motivational 

value is paired with a cue that suggests it must be avoided, devaluation of the stimulus 

may make this avoidance easier to accomplish. For example, discovering a sensitivity to 

gluten would make the previously-salient category of pasta now function as a No-go cue. 

However, if a bowl of pasta is devalued, it should be both less emotionally and 

motivationally salient and require less self-regulation to avoid. The inhibitory devaluation 
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effect may thus help us accomplish goal-directed behaviour. This same effect may assist 

with the avoidance of extremely maladaptive approach-related stimuli such as drug cues.  

This series of experiments suggests that motivationally salient stimuli can be 

devalued using only a cognitive-inhibitory task. Thus, the representation of value was 

adjusted in two ways: using the classic technique of associating value with a stimulus in a 

conditioning-like value learning paradigm; and by seeing the same stimulus as a No-go 

cue. It is assumed that the affective effects measured here also indexed a commensurate 

change in motivational salience of that stimulus, suggesting that not only the affective 

component but the motivation associated with such cues could be modified by inhibition. 

However, this was not measured directly. The next series of experiments examines the 

effects of inhibition on another type of motivationally salient stimuli, and will dissociate 

motivational from affective devaluation. 
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Chapter 5 

Hot or Not: Sexually Appealing Images and Motivational Salience 

The previous chapter discussed the effect of inhibition on a specific kind of 

positive and negative stimuli: previously-neutral images that differed in reward value 

after being associated with monetary gain or loss. Prior to the value learning task, these 

art-like images did not have any incentive salience: they were not associated with any 

particular reward such that participants would be willing to do work in return for more of 

these images. At most, they may have been slightly pleasant. After the value learning 

task, Gain-associated images were liked more than Neutral images, which in turn were 

liked more than Loss-associated images (Experiment 3). This change in liking, a 

component of reward value, appears to be directly due to the association of the 

previously-neutral stimuli with a monetary reward.  

 

However, some stimuli have innate reward value related to the biological needs 

they could satisfy (e.g., van den Bos & Ridder, 2006; Okazaki, Abrahamyan, Stevens & 

Ioannides, 2010). For example, to a hungry person, an image of food would be rewarding 

even if they had not previously encountered that type of food. In the previous chapter, 

both monetary gain- and loss-related stimuli were given lower ratings after they were 

associated with an inhibitory response.  This suggests that inhibiting motivationally-

relevant stimuli leads to affective devaluation, regardless of the a priori positive or 

negative value of that stimulus. Here, I tested the same concept using biologically-

relevant stimuli: images of attractive exemplars of the sex participants preferred and 

images they did not prefer. Although these participants may never have encountered 

these particular images before, sexually-appealing images are rewarding (Bray & 

O’Doherty, 2007). Using images with innate motivational value as Go and No-go cues 

allowed me to determine whether strongly motivationally-salient stimuli are devalued in 

the same way as neutral and monetary-linked stimuli. 

 

 

 



 
 

61 
 

Motivational Salience of Sexually-appealing Images 

Sexually-appealing images, such as pictures of attractive males or females, can be 

conceptualized as form a of visual reward (Bray & O’Doherty, 2007). Beautiful faces 

activate the same brain reward areas as monetary rewards, including the nucleus 

accumbens (Aharon, Etcoff, Ariely, Chabris, O’Connor and Breiter, 2001). A study in 

which participants provided explicit attractiveness judgments of opposite-sex faces in an 

fMRI scanner revealed a linear increase in activation in the nucleus accumbens for 

increasingly attractive faces, regardless of the sex of the participant. Male participants 

also showed differential orbitofrontal cortex (OFC) activation for attractive and non-

attractive faces, suggesting reward tracking of attractive faces (Cloutier, Heatherton, 

Whalen & Kelley, 2008). OFC activation to attractive faces has also been observed even 

in tasks in which participants are performing a face-processing task unrelated to 

attractiveness judgments, regardless of participant gender (O’Doherty, Winston, 

Critchley, Perrett, Burt & Dolan, 2003).  

 

Attractive faces can also be used as a reward (reinforcer) in a conditioning 

paradigm. When neutral fractal stimuli were paired with attractive or non-attractive faces 

in a conditioning paradigm, fractal stimuli previously associated with attractive faces 

were given significantly higher pleasantness ratings after conditioning for both male and 

female participants (Bray & O’Doherty, 2007). This was associated with reward 

prediction error-related activity in the ventral striatum during conditioning with attractive 

compared with unattractive faces, suggesting that attractive faces act as a form of reward 

(Bray & O’Doherty, 2007). Initially-neutral visual patterns increased in perceived value 

after being associated with attractive faces (Bray & O’Doherty, 2007), in the same way 

that the neutral visual patterns in Experiments 3-5 increased in value after they were 

paired with monetary rewards.  

 

Participants look longer at images of attractive members of the opposite sex 

(Israel & Strassberg, 2009). This viewing time can be considered a measure of sexual 

interest, since viewing time is correlated with the attractiveness of opposite-sex images 

(Quinsey, Ketsetzis, Earls & Karamanoukian, 1996). However, attractive faces of 
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conspecifics may be rewarding to humans in general. Even shortly after birth, infants 

spend more time looking at attractive than unattractive faces (Slater, Von der 

Schulenburg, Brown, Badenoch, Butterworth, Parsons & Samuels, 1998). In particular, 

images of attractive females can draw attention regardless of the gender of the viewer. 

Schimmack (2005) found interference effects for both a cognitive task (solving 

mathematical problems) and a simple perceptual task (indicating the location of a line) 

when a picture of an attractive female model was simultaneously shown. Indeed, both 

males and females show selective attention to attractive females, and recognition memory 

is enhanced for images of attractive females but not attractive males (Maner et al., 2003; 

Anderson et al., 2010; however, see Okazaki et al., 2010: selective attention to average 

female faces was observed only when participants were male). 

 

Images of attractive females are also the target of an attentional bias, regardless of 

the sex of the observer. Maner, Gailliot & DeWall (2007), for example, used a dot-probe 

task to assess attentional bias to physically attractive males and females. Participants 

viewed a 500-ms presentation of a face (attractive female, attractive male, average female 

or average male) followed immediately by a probe stimulus (circle or square) that 

appeared either in the same location as the face or in a different location. Attentional bias 

can be observed via longer probe-discrimination RTs when the probe appears in a 

different location from the attention-capturing face. This can be explained in terms of 

difficulty disengaging and reorienting attention away from a particular item to the probe 

location, leading to longer RTs to report the probe. Maner et al. (2007) found an 

attentional bias to attractive female, but not attractive male, faces for both male and 

female participants. Neurologically, less suppression in the fusiform gyrus and area V1 is 

observed for female than for male faces in male participants (Okazaki et al., 2010).  

 

Such attentional effects may be modulated by hormonal changes: women who are 

ovulating pay more attention to attractive male faces than those who are not, although 

this does not translate into improved memory for the faces (Anderson et al., 2010).  As 

well, hormonal differences can affect the way participants look at sexually appealing 

stimuli: women who are normally cycling pay greater attention to the genital area of 
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sexually appealing images, while those who are taking oral contraceptives pay more 

attention to contextual regions of the same images (Rupp & Wallen, 2007). Finally, 

women differ in their liking for types of male faces depending on hormonal levels, 

preferring relatively exaggerated male traits during the follicular phase and not at other 

phases of the menstrual cycle (Penton-Voak & Perrett, 2000). Therefore, participant sex 

differences and stimulus type must be taken into consideration when looking at the 

attentional effects of sexually-appealing images.   

 

There is also a motivational element to sexually-appealing images. Motivation 

can be operationalized as the amount of work an organism is willing to perform in order 

to receive a particular reward. However, motivation also has a directional component: 

stimuli can be classified as invoking approach or avoidance motivation (Chen & Bargh, 

1999) based in part on whether they are associated with positive or negative affect. 

Motivation, therefore, includes both the energizing of behaviour – the incentive salience 

of a given reward that leads to action – and the directionality of the behaviour. Two 

stimuli can be equally salient but opposite in direction, leading to approach behaviour in 

one case and avoidance behaviour in the other.  

 

Male participants are willing to work, expending significant effort and energy, by 

making key-press responses in order to see longer presentations of an image of a 

beautiful female, while conversely they will press a key to decrease viewing time for 

images they consider unattractive (images of females of average attractiveness, as well as 

beautiful and average male images; Aharon et al., 2001). The amount of work a 

participant is willing to do in order to view the attractive images or avoid the unattractive 

images can be considered a measure of the motivational salience of those images. This 

shows a clear difference between approach and avoidance motivation: both types of 

images are salient, but in opposite directions.  
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‘Wanting’ and ‘Liking’ 

The brain’s response to a rewarding stimulus involves both motivational and 

affective components that are controlled by separate underlying neural systems 

(Robinson & Berridge, 2003). Under normal circumstances, these systems work in 

tandem: the motivational system drives an organism toward stimuli that are likely to be 

rewarding, while the affective system registers a hedonic response to reward after the 

stimulus has been acquired (Berridge, 2003). Kringelbach & Berridge (2009) have 

identified three separate components of reward: wanting, liking and learning.  These 

facets of reward are separable and each consist of conscious or explicit components as 

well as implicit psychological components. The latter are not necessarily available to 

conscious experience, although they underlie the explicit experience of reward.  

 

Using the terminology of Berridge et al. (Robinson & Berridge, 2003; 

Kringelback & Berridge, 2009), ‘wanting’ is the motivational component of reward. This 

system drives an organism toward potentially rewarding stimuli. Cognitive incentives 

that lead to consciously experienced desire are the explicit components of wanting, which 

can be measured using subjective ratings of desire. The implicit component, incentive 

salience, is affected by experiences. For example, in conditioning a previously-neutral 

cue acquires incentive salience after being repeatedly associated with a reward, and 

during cued relapse a cue that has continually been paired with a drug reward can lead to 

relapse when presented on its own because it has gained incentive salience after being 

associated with the drug reward. Although it is implicit and not available to conscious 

awareness, the incentive salience of a stimulus can be operationalized as the amount of 

work an organism is willing to perform in order to receive a particular reward.  

 

‘Liking’, on the other hand, is the hedonic component of reward. It is separate 

from ‘wanting’ (desire) and is the sensation of pleasure experienced when a reward has 

been received. ‘Liking’ is experienced consciously as pleasure, which can be measured 

using ratings of liking (e.g., Likert scales). Implicitly, it is experienced as the hedonic 

impact associated with rewards (Berridge & Robinson, 2003) and can be observed via 
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affective facial expressions. This chapter focuses on dissociating the ‘wanting’ and 

‘liking’ components of reward. The third component of reward described by Kringelbach 

& Berridge (2009), learning, involves cognitive processing (explicit) and associative 

learning (implicit). This component of reward is not addressed in this chapter.  

 

Dissociation of ‘Wanting’ and ‘Liking’ 

The ‘wanting’ and ‘liking’ components of reward rely on neural systems that are 

dissociable both behaviourally and neurobiologically (Berridge, Robinson & Aldridge, 

2009), although some of the same structures are involved in both. ‘Wanting’, or incentive 

salience, is coded by the mesolimbic dopamine system, which originates in the ventral 

tegmental area in the midbrain and projects to the nucleus accumbens and prefrontal 

cortex (Ballard et al., 2011). Projections to the nucleus accumbens are particularly 

important in modulating incentive salience (Kringlebach & Berridge, 2009; Berridge, 

2007). ‘Liking’ is coded by the mesolimbic reward system, including specific ‘hedonic 

hotspots’ (Pecina & Berridge, 2005) in the nucleus accumbens shell and ventral 

palladium. When stimulated with opioids or endocannabinoids, these hotspots generate 

enhancements of ‘liking’ reactions to pleasant stimuli in animal models (Kringlebach & 

Berridge, 2009). Cortical regions are also thought to be involved in the more conscious 

aspects of ‘liking’ reactions. The orbitofrontal, cingulate, and medial prefrontal cortices, 

as well as the insula, have close anatomical links to subcortical hedonic hotspots. 

Neuroimaging work with humans suggests that these areas may be involved in coding 

hedonic evaluations (McClure, York & Montage, 2004).   
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Figure 6: ‘Liking’ and ‘Wanting’ (e.g., Berridge & Robinson, 1995) as they fit into the 

conceptualization of behaviour as depending on both the organism and the stimulus.  

 

Because these systems are separate, it is possible to dissociate ‘liking’ from 

‘wanting’. It is possible to ‘want’ an item without having any expectation of pleasure 

(‘liking’) upon receiving it. In humans, this is most commonly observed in substance 

dependence, which Robinson and Berridge (1993) have characterized as sensitized 

‘wanting’ in the absence of ‘liking’. They hypothesize that after repeated drug usage the 

nucleus accubens and mesolimbic dopamine system become sensitized to specific drug 

effects and drug stimuli. Drug cues then become hyper-associated with reward, gaining 

maladaptive incentive salience. This is consciously experienced as pathological ‘wanting’ 

of drugs, particularly in the presence of drug cues. Interestingly, this is not necessarily 

associated with a concurrent increase in ‘liking’ for drugs – in fact, addicts will pursue 
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drugs they do not like, as well as those that they expect to be sources of conscious 

pleasure (Robinson & Berridge, 1993).  

 

A similar dissociation of ‘liking’ from ‘wanting’ can be observed in animal 

models; for example, when amphetamine is administered to the nucleus accumbens shell. 

Amphetamine is an indirect dopamine agonist and as such it enhances the release of 

dopamine at the site of microinjection. Rats conditioned to lever-press in order to receive 

sucrose pellets in response to a cue will continue to do lever-pressing work (a measure of 

‘wanting’) in the absence of any reward after receiving amphetamine injections to the 

nucleus accumbens shell (Wyvell & Berridge, 2000). However, there is no increase in 

hedonic taste reactivity (a measure of ‘liking’) in response to the pellets. This suggests 

that increased dopamine in the nucleus accumbens leads to increased ‘wanting’ 

(operationalized as lever-pressing work) unaccompanied by increased hedonic pleasure.  

 

This also demonstrates the separable pathways of the ‘liking’ and ‘wanting’ 

components of reward. ‘Wanting’ can be increased in the absence of ‘liking’ via 

dopamine microinjections into the nucleus accumbens shell (Wyvell & Berridge, 2000). 

Similar effects are found using a synthetic opioid peptide to activate the µ-opioid system 

of the nucleus accumbens: ‘wanting’ for food reward increases even in the absence of 

enhanced food ‘liking’ (Pecina, 2008). However, ‘liking’ reactions alone can be increased 

via opioid microinjections into specific nucleus accumbens shell ‘hedonic hotspots’ in the 

rostral-dorsal quarter of the medial accumbens shell (Pecina & Berridge, 2000). Although 

the nucleus accumbens appears to mediate the effects of both components of reward, 

these differing responses depend on anatomically separate subregions (Pecina, 2008): 

microinjection to ‘hedonic hotspots’ leads to an increase in ‘liking’ reactions. ‘Wanting’, 

on the other hand, is widely distributed throughout the nucleus accumbens and is 

sensitive to dopamine (Wyvell & Berridge, 2000) and opioid stimulation (Pecina, 2008).  

 

However, it is important to remember that reward-related behaviour results from 

the combined activity of entire brain systems and networks. Although the nucleus 

accumbens is crucial for both ‘liking’ and ‘wanting’ components of reward, its function 
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must be understood in terms of the extended neural systems of which it is a component 

(Kelley & Berridge, 2002). For example, although they have been teased apart for the 

purpose of dissociating them experimentally, the dopamine and opioid ‘wanting’ effects 

do not occur in isolation. The set of mesocorticolimbic systems that mediates reward 

involves both dopamine and opioid neurotransmitters (Pecina, 2008), and in most cases 

‘wanting’ and ‘liking’ are not dissociated in normal behaviour.  

 

This dissociability of the two components of reward leads to interesting questions 

regarding inhibitory devaluation. Given the separable systems that govern ‘liking’ and 

‘wanting’, it cannot necessarily be assumed that decreases in hedonic ratings of stimuli 

that have previously been inhibited correspond to a concurrent decrease in the 

motivational pull exerted by that stimulus. That is, affective devaluation of an inhibited 

item could be due to a decrease in the hedonic value of a stimulus (‘liking’) alone, a 

decrease in the motivational value of the stimulus (‘wanting’), or both. If inhibition does 

decrease the motivational value of a stimulus, it should influence the overlying hedonic 

feeling associated with that stimulus as well as the behavioural impulse to act towards it.  

 

Effect of Inhibitory Devaluation on Motivationally-Relevant Stimuli 

The aim of the research presented in this chapter is to A) assess whether 

biologically-relevant motivationally salient stimuli can be devalued using an inhibitory 

paradigm, and B) determine whether any decrease in affective valence also entails a 

reduction in the motivational salience of the inhibited stimuli. Motivationally salient 

stimuli are special in that they attract attention and may be processed preferentially. 

Rewarding, approach-related stimuli, in particular, might be resistant to inhibitory 

devaluation. Alternatively, their extreme salience could instead increase the amount of 

inhibition that is necessary to withhold a response, resulting in a strong reactive 

devaluation effect (e.g., Frischen et al., 2012). Having participants inhibit sexually 

appealing images allows the assessment of whether the motivational approach signal 

generated by these stimuli can be decreased by inhibition.  

Previous work has described the emotional effects of inhibition in terms of 

valence, or ‘liking’. Decreases in ratings on an affective rating scale are taken as evidence 
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of a change in emotional status, but motivational effects (‘wanting’) have thus far not 

been explored. Experiment 6 examines the motivational effects of inhibitory devaluation, 

using a key-pressing task to operationalize the amount of work that a participant is 

willing to do in order to see a particular stimulus type. If devaluation affects ‘wanting’ as 

well as ‘liking’, we would expect to see a decrease in key-pressing for inhibited items 

compared to non-inhibited items.  

 

 Changes in the motivational status of items that have a high level of a priori 

motivational salience are of particular interest, as this is the class of stimuli that can cause 

problems when they trigger maladaptive approach responses. In addiction, for example, 

sensitized ‘wanting’ in the absence of ‘liking’ leads to constant and increasing drug use, 

even when the rewarding aspects have been removed (Berridge & Robinson, 1995). It 

follows that manipulations that can decrease maladaptive ‘wanting’ might be of 

assistance in halting or reversing maladaptive, automatic approach responses, giving hope 

for computer-based interventions using similar inhibitory devaluation paradigms.  

 

Experiment 6: Hot or Not Devaluation 

Participants who were either attracted to males or to females performed an 

inhibitory devaluation task using a Go/No-go paradigm that required them to refrain from 

responding on half the trials (‘No-go’). Stimuli consisted of sexually appealing images of 

male and female individuals. If inhibition influences the hedonic value of approach-

related stimuli (i.e., images displaying the preferred sex), then these items should be liked 

less after they had been presented on No-go trials, compared to Go trials. 
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Methods 

Participants 
Fifty participants with normal or corrected-to-normal vision were recruited from 

the University of Guelph undergraduate participant pool in exchange for course credit or 

$10.  

 

Stimuli, Apparatus, Design and Procedure 
Stimuli were 192 digital colour photographs of attractive males and females that 

were acquired online. No explicit nudity was shown, but images were designed to be 

sexually appealing (e.g., females wearing bikini swimsuits; males shirtless and wearing 

swim trunks). All images were screened for celebrity so that they were unlikely to be 

recognized by participants. Half of the images were males and half were females, and 

both sets contained an equal number of light-haired and dark-haired people. Each image, 

comprising 10.6 x 16.3 degrees of visual angle, was presented for 300ms on a light grey 

background at the centre of the screen. A central black fixation cross was displayed for 

1200ms between image presentations. Stimuli were presented on a 1680x1050 LCD 

display by a computer with an Intel Core2Duo processor running Windows XP and E-

Prime 2.0 software (Psychology Software Tools, Pittsburgh, PA, USA).  

 

The inhibitory devaluation paradigm was similar to the Go/No-go tasks used in 

Experiment 2 (see Chapter 3) and was based on Kiss et al. (2008). Participants performed 

16 blocks, each comprising 12 Go/No-go trials followed by 12 evaluation trials. The 

Go/No-go trials required participants to press the spacebar with both index fingers as 

quickly as possible whenever the displayed person had dark hair (or light hair; this Go 

cue switched once halfway through the session, and its order was counterbalanced across 

participants) and to otherwise refrain from responding (see Figure 7). Images were 

randomly drawn with the constraint that each set of 12 trials comprised equiprobable 

factorial combinations of sex and hair colour. In the evaluation trials, participants judged 

the attractiveness of the same 12 images that were presented in the same order for 300ms 

each followed by a 2700ms blank interval. Images were rated on a 4-point scale from 1 
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(‘Not at all attractive’) to 4 (‘Very attractive’) by pressing the corresponding numeric key 

on a standard keyboard. Participants were instructed to rate how attractive each person 

was to them personally, not how objectively attractive they thought others would 

consider each person. After completion of these tasks, participants indicated the group to 

whom they were attracted on a 9-point scale from 1 (‘Attracted exclusively to men’) to 9 

(‘Attracted exclusively to women’); 5 indicated ‘Attracted to both sexes equally’. 

 

 
Figure 7: Example of the stimulus sequence in the Go/No-go task of Experiments 4 and 

5. In this example, attractive male images are ‘Go’ stimuli that require a speeded 

keypress response, and attractive female images are ‘No-go’ stimuli that require the 

response to be withheld. After every 12 Go/No-go trials, the same stimuli are 

affectively evaluated.  

 

Results 
Data from seven participants were excluded because of low accuracy on the 

Go/No-go task or outlying RT on the rating task (>2 SD below the mean), or because 

they indicated that they were attracted equally to males and females. Results are reported 
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for the remaining n=43 participants (27 females; mean age 22.2 years, SD=9.2). Sixteen 

participants indicated that they were attracted to females and 27 were attracted to males; 

all indicated that they were heterosexual. 

 

Go/No-go Performance: Data were analyzed with 2 (Sexual Appeal of the images: 

Preferred vs. Not Preferred sex) x 2 (Response: Go vs. No-go) repeated-measures 

ANOVAs. Participants made more errors on No-go than on Go trials (F[1,42]=20.67, 

p<.001, η2
partial= .29; see Figure 8) and were more likely to fail to inhibit a response when 

the images were in the Preferred category, F(1,42)=-11.06, p<.05, η2
partial = .14. This 

indicates that responses to sexually appealing images were more difficult to inhibit, 

suggesting that these stimuli were evoking an approach response. Participants were not 

significantly faster to respond to Preferred (M = 462.0 ms, SD = 79.3 ms) than Not 

Preferred images (M = 452.0 ms, SD = 83.2 ms) during Go trials (t(42) = 1.66, p > .05,    

d = .12).  

 
Figure 8: Mean percentage accuracy on the Go/No-go task for Go and No-go trials by 

stimulus type. All error bars are based on Loftus & Masson’s (1994) method for 

within-subjects designs. 



 
 

73 
 

 

Affective evaluations: Participants rated Preferred images significantly higher 

than Non-preferred images, F(1,42)=118.02, p<.001, η2
partial = .74, confirming their 

appealing nature. Furthermore, participants rated ‘No-go’ images significantly lower than 

‘Go’ images, F(1,42)=10.89, p<.005, η2
partial = .22, in both the Preferred (t[42]=2.59, 

p<.05, d=.45) and the Not Preferred conditions (t[42]=3.12, p<.005, d=.52; see Figure 9). 

There were no interactions, F<1. Therefore, both sexually appealing and unappealing 

stimuli are devalued after they have been associated with response inhibition.  

 

 
Figure 9: Mean affective evaluation scores for each response type (‘Go’ versus ‘No-go’) 

and for faces of the preferred and not-preferred sex. Evaluation scores ranged from 1 

to 4, with larger values representing more positive affective ratings.  

 

 Participants were also slower to give ratings for images of their Preferred sex, 

F(1,42)=12.49, p<.01, η2
partial= .24. There was no significant difference in their latency to 

rate images previously seen as Go compared to images previously seen as No-go (p>.05); 
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however, participants were slowest of all to rate Preferred images that had previously 

been seen as No-go cues (F(1,42)=5.21, p<.05, η2
partial= .17; see Figure 10). This suggests 

that the amount of inhibition that had to be applied to a very motivationally-salient image 

during a No-go trial might delay the recall of the representation of that image when the 

participant is asked to later make an emotional judgment about that image.  

   

Re-analysis of the evaluation data with participants’ gender as a between-subjects 

factor also revealed that male participants showed a stronger effect of the preferred-sex 

vs. non-preferred stimulus categories than female participants, F(1,42) = 10.43, p < .05, 

η2
partial = .16, suggesting that males were more strongly affected by the sexual appeal of 

the images; no other effects or interactions involving gender were significant. 

 

 
Figure 10: Mean rating reaction time for each response type (‘Go’ versus ‘No-go’) and 

for faces of the preferred and not-preferred sex.  

Experiment 7: Key-press Task 
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 Experiment 6 established that inhibiting responses towards approach-related 

stimuli decreases their hedonic value. The present experiment was designed to test 

whether inhibition likewise affects the subsequent motivation to seek previously ignored 

stimuli. To this end, I employed a Go/No-go inhibitory devaluation task combined with a 

progressive ratio key press task (Hodos, 1961), which operationalizes the amount of work 

participants are willing to do in order to view an appealing image as a measure of the 

motivational salience of the stimulus (Aharon et al., 2001; Elman et al., 2005; Levy et al., 

2008; Goddard, 2011). If inhibition decreases the motivational value of sexually 

appealing images, then participants should execute fewer key presses to see images of the 

sort previously encountered on No-go trials compared to those seen on prior Go trials  

 

Methods 

Participants 
Forty-two new participants took part under the same recruitment criteria as in 

Experiment 6, except that only male participants were selected because hormonal 

changes in the female menstrual cycle may affect attention to sexual images (Rupp & 

Wallen, 2007). Participants were compensated with course credit or $10. 

 

Stimuli, Apparatus, Design and Procedure 
Stimuli used for the Go/No-go task were identical to those in Experiment 6. 

Stimuli used in the progressive ratio task were a separate set of similar digital colour 

photographs of attractive males and females, as well as a scrambled version of each 

photograph. Images were scrambled by dividing each image into a grid of 676 equally-

sized boxes and randomly varying the locations of the boxes within the grid using 

Mosaicer software. Scrambled images had the same low-level perceptual features as non-

scrambled male or female images, but had been reconfigured in a way that prevented 

them from being recognized as images of attractive people. 

  

Participants performed an inhibitory devaluation paradigm identical to that of 

Experiment 6 except that different groups of participants consistently saw either 
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attractive male photographs or attractive female photographs as No-go images (i.e., the 

type of image inhibited was manipulated between-groups). Afterwards, participants 

performed a key-press task designed to measure the motivational incentive of the stimuli. 

They viewed a fixation cross in the centre of a blank screen and were instructed to press 

any one of the numerical keys from 1 to 4 in order to see a 1-second presentation of one 

of four different image types assigned to a given key: attractive female images, attractive 

male images, scrambled versions of the female images and scrambled versions of the 

male images. The keys were on a progressive ratio schedule such that each time an image 

was presented, twice as many key presses were then required in order to see the next 

presentation of an image from the image category associated with that key. Participants 

responded until they had seen ten images (from any combination of image types) and 

then moved on to a new trial with the key-to-image type mappings changed. Participants 

performed eight trials of the progressive ratio task. Afterwards, participants filled out a 

demographic questionnaire, which included the rating of their sexual attraction to males 

and females as in Experiment 6.  

 

Results 
Seven participants were excluded due to low accuracy on the Go/No-go task, or 

because they indicated that they were not attracted to females. Results are reported for the 

remaining n = 35 participants (mean age 19.9 years, SD = 2.98). 

 

Go/No-go: There were no significant differences in accuracy on No-go compared 

to Go trials (F(1,33)=.18, p>.05, η2
partial = .003, but participants were again more likely to 

fail to inhibit a response when the images were in the Preferred category, F(1,33)=5.64, 

p<.05, η2
partial= .14. 
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Figure 11: Mean percentage accuracy on the Go/No-go task for Go and No-go trials by 

stimulus type.  

 

Affective ratings: Preferred images were rated significantly higher (M=3.37, 

SD=0.40) than Not Preferred images (M=1.16, SD=0.32), F(1,33)=349.6, p<.001, η2
partial= 

.97. And while prior No-go stimuli were rated as less attractive than prior Go stimuli (Go 

[M=2.32, SD=2.21] vs. No-go [M=2.21, SD=1.16]), this effect of Response-status was 

not significant, F<1. However, a significant interaction between Response and Image 

(Preferred or Not Preferred), F(1,33)=421.89, p<.001, η2
partial = .96, suggests that the 

substantial main effect of Sexual Appeal likely obscured the differences in liking between 

Go and No-go images that were observed within-participants in Experiment 6. Because 

the Go/No-go status for each image category (Preferred or Not Preferred) was 

manipulated between-participants, Preferred images were seen as No-go cues for one 

group of participants but were still given high ratings due to their sexual appeal. 

 

Importantly, Response did influence the rate of key pressing, but only for 

Preferred images. Participants who had inhibited female stimuli performed significantly 

fewer key presses in order to see images of attractive females, t(33)=-2.41, p<.05,            



 
 

78 
 

d = .27, compared to participants who had made ‘Go’ responses to female stimuli; see 

Figure 12. There were no significant differences in key pressing for any other type of 

image (all ps>.05). 

 

 

  Figure 12: Number of key presses to see attractive female images, attractive male 

images, and scrambled versions of these images, for participants who had previously 

inhibited either attractive female or attractive male images.  

 

Chapter 5 Discussion 

Taken together, the results of these two experiments demonstrate that inhibiting 

sexually-appealing visual images not only leads to lower hedonic evaluations of these 

approach-related stimuli, but also decreases the motivational incentive to expend time 

and energy to see more of these images. Experiment 6 showed that both sexually 

appealing and non-appealing images were rated as less attractive when previously 

inhibited than when previously appearing as response targets, despite preferred-sex 

images being consistently rated as more attractive than images of participants’ non-

preferred sex. Experiment 7 established that inhibition has consequences for the 

motivational incentive of sex stimuli. Participants who had inhibited sexually-appealing 
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images were less likely to make repeated key-presses to see brief presentations of such 

stimuli than participants for whom sexually-appealing stimuli previously appeared as 

response targets. Response inhibition therefore reduces the amount of time and effort 

expended to seek motivationally-relevant stimuli. 

 

Although both sexually-appealing and non-appealing images received more 

negative hedonic evaluations after being inhibited, only sexually-appealing images 

showed an inhibition-related decrease in motivational incentive. This suggests that the 

consequences of inhibition for hedonic value and motivational incentive may reflect 

relatively independent effects. Decreases in liking do not necessarily automatically 

invoke, nor depend on, decreases in wanting. This is in line with evidence for separate 

neural substrates for wanting and liking (e.g., Berridge & Robinson, 1995), and suggests 

that response inhibition may lead to a decrease in both hedonic value and motivational 

incentive. However, it is possible that key pressing for non-preferred images represents a 

floor effect: the strongly-heterosexual male participants were already so unlikely to 

repeatedly press to see images of attractive males that inhibiting male images could not 

lower the rate any further.  

  

 Interestingly, Experiment 7 indicates that this apparent reduction in motivational 

incentive carries over to different instances of the inhibited stimulus category. In other 

words, inhibiting many images from a given stimulus category may lead to a generalized 

reduction in motivational drive towards other items of that stimulus type. The inhibitory 

devaluation effect is thought to be associated with critical features: those that are 

necessary for making an appropriate attentional selection or response. Raymond et al. 

(2003) had participants evaluate abstract patterns that were in the same object class as 

previously inhibited items, but had never themselves been inhibited. These novel patterns 

were still devalued compared to target items. Goolsby et al. (2009) had participants select 

coloured faces on the basis of gender (inhibiting the face that was not selected) and rate 

grey-scale versions of these faces or novel faces. Novel faces that matched the gender of 

a face that had been previously inhibited were rated more negatively than novel faces that 

matched the gender of the prior target. This is evidence that inhibitory devaluation 
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generalizes to other members of a stimulus group. Experiment 7 extends this finding: the 

decrease in motivational relevance associated with inhibition may also generalize to other 

instances in the same stimulus category. 

 

This is promising for the development of interventions aimed at selectively 

reducing the motivational incentive of stimuli that trigger maladaptive behaviour, such as 

drug-associated cues for substance abusers. In substance dependence, a strong emotional 

and motivational response to drug cues makes it difficult to avoid responding to these 

cues, making abstinence hard to achieve even if a person’s goal is to avoid using drugs. 

In the same way, maladaptive responses towards other appetitive stimuli may lead to 

problems, such as compulsive viewing of erotic images (e.g., Cooper, Putnam, Planchon 

& Boies, 1999). Such compulsions probably involve both the ‘liking’ and ‘wanting’ 

systems of the brain. Experiments 6 and 7 suggest that it may be possible to harness the 

affective and motivational effects of tasks requiring response inhibition to facilitate 

avoidance of problematic stimuli in the future: motivationally relevant stimuli types that 

have been associated with an inhibitory response are both ‘liked’ and ‘wanted’ less. It can 

be speculated that inhibitory responses associated with a stimulus could bias competition 

(Desimone & Duncan, 1995) among neural systems, tipping the behavioural outcome 

slightly away from the likelihood of a response the next time the stimulus is encountered. 

When a reward is encountered, activity in reward-related brain regions such as the 

nucleus accumbens increases based on the predicted reward associated with a stimulus 

(Botvinick, Huffstetler, & McGuire, 2009). An increase in reward-related activity in 

these areas makes it more likely that a behavioural response will be made in the direction 

of the stimulus (Iketmoto & Panksepp, 1999). However, decreases in the emotionally-

rewarding aspects of a stimulus, as in the inhibitory devaluation effect, could decrease the 

concurrent reward-related neural activity associated with the devalued stimulus. 

Associating maladaptive but appealing stimuli with an inhibitory response may decrease 

the likelihood of approach responses being triggered. 

 

The potential effectiveness of such an approach is underscored by recent work 

employing attentional inhibition to reduce attentional bias toward substance-related 
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stimuli (e.g., Field & Eastwood, 2005; Fadardi & Cox, 2009; Field, Duka, Tyler & 

Schoenmakers, 2009), and efforts to associate response inhibition with alcohol cues to 

reduce subsequent alcohol intake (Houben, Nederkoorn, Weirs & Jansen, 2011). The 

finding that response inhibition can effectively reduce the amount of time and effort an 

individual is willing to expend to view erotic stimuli suggests that inhibition-based 

interventions may likewise be useful for reducing the motivational incentive of stimuli 

associated with other problematic behaviour, such as pornography for the sexually 

compulsive (Cooper et al., 1999).  

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

 

Chapter 6 
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General Discussion 

Stimuli from which attention or a behavioural response has been withheld 

subsequently receive more negative emotional evaluations than the targets of 

attention/response. This ‘inhibitory devaluation’ effect appears to recruit the brain’s 

inhibitory and emotional regions, in particular the cognitive control areas of the lateral 

prefrontal cortex and anterior cingulate cortex that connect to the affective OFC and 

amygdala (e.g., Kiss et al., 2008; Doallo et al., 2011). I have suggested that this effect 

may facilitate goal-directed behaviour by modifying emotional responses to stimuli that 

have become task-irrelevant, making such items relatively disliked and thus more easily 

avoided. This phenomenon was discovered relatively recently (Raymond et al., 2003), 

and most early research asked undergraduate participants to inhibit neutral stimuli to 

observe devaluation effects. The experiments reported in this thesis investigated whether 

this effect is seen in certain special populations (people with substance dependence and 

adolescents from an adverse background), and whether stimuli that are motivationally 

relevant in some way are also consistently affectively devalued after inhibition. 

 

In Experiment 1, a Go/No-go then evaluate task was given to participants who 

were in treatment for substance dependence. In Experiment 2, another version of the task 

was completed by a sample of adolescents who formed part of a longitudinal study at the 

Yale Child Study Center. Despite evidence that these groups may have difficulties with 

response inhibition tasks, both groups were able to successfully complete the tasks. In 

addition, both showed significant inhibitory devaluation, and the magnitude of this effect 

was positively correlated with the age of the participant in the adolescent sample. 

  

In Experiments 3 through 5, the motivational salience of a previously-neutral 

stimulus was increased or decreased by associating each stimulus type with gaining or 

losing a cash reward. Experiment 3 indicated that the new value association assigned to 

each stimulus type had an effect on affective ratings: after the Value Learning paradigm, 

Gain stimuli were liked more than Neutral stimuli, which in turn were liked more than 

Loss stimuli. Because positive images have approach-related motivation, compared to the 

avoidance-related motivation associated with negative images (Chen & Bargh, 1999), it 
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was assumed that after the initial Value Learning paradigm, each art-like image gained 

some of the motivational value of the monetary gain or loss assigned to it. Experiments 4 

and 5 confirmed that even these newly motivationally-relevant stimuli showed affective 

devaluation after they were associated with behavioural inhibition. Both previously-

inhibited Gain and Loss-associated stimuli were relatively disliked compared to 

equivalent stimuli that had never been inhibited. These results demonstrate that both 

stimuli that are associated with positive (approach) and negative (avoid) motivational 

value are affectively devalued after inhibition. This suggests that inhibitory devaluation, 

rather than neutralizing affect (e.g., rendering positive stimuli more negative after 

inhibition, but negative stimuli more positive) instead serves to decrease affective ratings 

of previously inhibited stimuli no matter their original positive or negative valence (e.g., 

Frischen et al., 2012). 

  

Experiments 6 and 7 used a different type of motivationally relevant stimuli: 

sexually appealing images.  Rather than having positive or negative value assigned using 

a value learning paradigm, sexually appealing images have innate motivational salience 

(Aharon et al., 2001) because they relate to one of an organism’s goals: reproduction. It is 

possible that the motivational appeal of such images might override any decrease in 

affective ratings that might normally be observed after inhibition. However, in 

Experiment 6 I showed that even these very motivationally-salient images are affectively 

devalued after inhibition. 

  

Under normal circumstances, a change in affective rating occurs in parallel with a 

change in motivational salience. However, because ‘liking’ and ‘wanting’ are dissociable 

(Berridge & Robinson, 1995), post-inhibition motivational salience should be measured 

directly in order to conclude that this is the case. The affective devaluation seen in 

Experiment 6 could simply be the result of a decrease in ‘liking’, or hedonic impact; the 

result of a decrease in ‘wanting’, motivational relevance; or both. Experiment 7 used a 

key-pressing task to explicitly evaluate the amount of time and energy a participant 

would be willing to expend in order to see more images of the type they had previously 

inhibited to determine the effect of a task involving inhibition on motivational salience. I 
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found that inhibiting preferred images led to a decrease in key-pressing to see more 

preferred images. The same effect was not seen for the non-preferred images. 

   

Taken together, the results from these studies suggest that associating an 

inhibitory response with even very positive or negative visual images results in affective 

devaluation of those stimuli compared to similar images that were never inhibited. This 

effect increases throughout adolescence, but it is present even after potential brain 

changes associated with a lifetime of polydrug use. Thus, the stage is set for the 

development of interventions that might use similar tasks to down-regulate the 

motivational salience of maladaptive stimuli, such as drug cues.  

 

Effects That May Use Similar Mechanisms 

The evidence in Chapter 3 suggests that inhibitory devaluation may be 

consistently found in humans from late adolescence onward. Disliking of previously-

avoided stimuli may be an adaptive mechanism that facilitates avoidance behaviour in the 

future. This suggests that the effect is probably observable under other circumstances. 

Indeed, a similar effect, cognitive dissonance, may rely on the same neural mechanisms. 

Cognitive dissonance refers to the uncomfortable feeling of trying to hold two 

contradictory attitudes simultaneously (Festinger, 1957). For example, a participant might 

be asked to write, of their own free will, an impassioned essay arguing a view that is the 

opposite of their actual opinion (Elliot & Devine, 1994) on the understanding that this 

essay will be used to make a decision that will affect their future. The resulting 

psychological discomfort is referred to as cognitive dissonance. Because the feeling of 

cognitive dissonance is unpleasant, participants will attempt dissonance reduction by 

changing circumstances so the two facts no longer contradict. In the above example, 

dissonance is induced because participants know themselves to hold one attitude, but 

have indisputably made an argument for the opposite attitude in return for very little gain. 

By changing their attitude on the topic to more closely match the one they argued in their 

essay, cognitive dissonance can be reduced and the participants returned to a state of 

psychological comfort. 
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Interestingly, cognitive dissonance can be described as a conflict between two 

incompatible cognitions (Van Veen, Krug, Schooler & Carter, 2009). Dissonance leads to 

both autonomic arousal and negative affect (Croyle & Cooper, 1983; Losch & Caccipo, 

1990), both of which are reduced by inhibiting one of the cognitions (dissonance 

reduction). Inhibitory devaluation, on the other hand, can be thought of as a conflict 

between two perceptual or response-related representations. In this case, perhaps conflict 

is reduced by devaluing one of the options.  

  

Imaging and electrophysiological evidence suggests that similar brain regions 

may be active during cognitive dissonance and during inhibitory devaluation. Van Veen 

et al. (2009) gave participants a cognitive dissonance task in which they were to rate how 

they enjoyed their time in the scanner. Those in the dissonance group were asked to 

answer the questions as if they had enjoyed the task (counter-attitudinally, as the interior 

of an fMRI scanner is by no means pleasant for most people) while those in the control 

group answered honestly. Participants in the dissonance group showed activation in the 

dorsal anterior cingulate cortex (dACC), the same region that is thought to be responsible 

for the conflict detection component of the inhibitory devaluation effect (Kiss et al., 

2008). Activation of the dACC also predicted the level of attitude change (cognitive 

dissonance reduction). This can be compared to Kiss and colleagues’ (2008) findings that 

an electrophysiological component thought to be an index of ACC function was 

correlated with magnitude of inhibitory devaluation (i.e. perceptual conflict reduction via 

emotional devaluation). 

  

One subset of cognitive dissonance is post-decisional dissonance. This 

phenomenon was first observed in 1956 by Brehm, who noticed that participants who 

were asked to choose between two similarly valued items rated selected items more 

positively than their initial ratings of the same item, and rated the rejected item more 

negatively (Brehm, 1956). In fact, it was this experiment that in part led to the 

development of cognitive dissonance theory. Recently, contemporary cognitive 

neuroscientists have revisited the topic of post-decisional dissonance. Sharot, Velasquez 

and Dolan (2010) used a blind choice task to test the criticism that post-choice shifts in 
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ratings merely reflect participants’ actual preferences, which have not changed from pre-

rating to post-rating. Rather, it is suggested that participants become better acquainted 

with the rating scale over the course of the experiment, and changes in ratings may reflect 

their increasing expertise with the scale rather than any underlying change in their 

opinion of the choices, since ratings can never perfectly reflect actual preferences (Chen, 

2008). Sharot et al. (2010) addressed this by removing the choice between known 

alternatives. Participants pre-rated various vacation destinations, then made a blind 

choice between two of them (they chose between two boxes but were not aware which 

destination was in which box). When participants’ choices were revealed, ratings for 

chosen stimuli increased after decision-making, despite the fact that participants chose 

blindly. The same increase in ratings was not seen when a computer made the choice for 

them. Sharot et al. (2010) took this as evidence that choices (even when it is not clear 

what choice is being made) shape preference. 

 

One current theory of cognitive dissonance is the action-based model (Harmon-

Jones, Amodio & Harmon-Jones, 2009). This model suggests that cognitive dissonance 

leads to a negative affective state because it interferes with effective, non-conflicted 

action. In short, they suggest that cognitions have action tendencies associated with them, 

in the same way that positive and negative stimuli are associated with approach and avoid 

action tendencies (Chen & Bargh, 1999). For example, in the case of post-decisional 

dissonance, after a difficult decision between two similar choices is made, devaluing the 

non-chosen alternative facilitates action by helping the individual to carry out the chosen 

alternative without regret. 

  

This model forms a clear parallel to the conception of inhibitory devaluation 

outlined in this thesis. When choosing between two similar choices, the non-chosen 

option must be inhibited in order to devote processing resources to the chosen alternative. 

When searching for one target amid distractors in a perceptual array, the non-target items 

must be inhibited in order to focus on the target. In the first case, the alternative that is 

not chosen is relatively disliked. In the second, the distractor is relatively devalued. In 

both cases, goal-directed behaviour is more easily accomplished. Evidence suggests that 
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post-decisional dissonance and inhibitory devaluation rely on an almost identical brain 

network: conflict triggers the anterior cingulate cortex to recruit prefrontal cortical areas 

that inhibit the goal-irrelevant stimulus (Harmon-Jones, 2004; Kiss et al., 2008; Doallo et 

al., 2011). 

 

I propose that post-decisional dissonance and inhibitory devaluation are the same 

phenomenon occurring in different domains. In post-decisional dissonance, the PFC is 

recruited in order to reduce dissonance (Harmon-Jones et al., 2009). How is this 

accomplished? I suggest that the same PFC-OFC-limbic connections that have been 

shown to occur when inhibited stimuli are devalued (Kiss et al., 2008; Doallo et al., 

2011) are also involved when inhibited choices are similarly devalued. Conflict is 

detected between two alternatives or perceptual representations by the dorsal anterior 

cingulate cortex, which triggers the lateral PFC to generate an inhibitory response. The 

emotional ventral ACC is then engaged, along with OFC and other limbic areas to 

generate a disliking response for the inhibited stimulus or choice. This negative affect is 

then attached to the representation of the inhibited object or rejected choice, freeing the 

organism to act in an unconflicted manner.  

 

Inhibitory Devaluation and Behaviour: Real-world Implications 

Previous research has made it clear that ignoring or otherwise inhibiting a visual 

stimulus leads to a negative affective response to that stimulus the next time it is 

encountered. Affective devaluation can be generated when attentional inhibition is 

applied to visual stimuli via ignoring (Raymond et al., 2003), using the preview search 

paradigm (Fenske et al., 2005), or when behavioural inhibition is associated with a 

stimulus after it is seen as a No-go cue (Kiss et al., 2007; 2008; Frischen et al., 2012). 

The evidence in this thesis indicates that the effect is present even for stimuli that have a 

high level of motivational salience: both monetary gain- and loss-associated stimuli 

(Frischen et al., 2012) and attractive members of the opposite sex are relatively disliked 

after they are seen as a No-go cue. Furthermore, rather than having strictly affective 

consequence (i.e. decreasing ‘liking’ alone), this inhibition has consequences for 

motivation as well: participants are less likely to do key-pressing work (a measure of 
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‘wanting’) for previously-inhibited items. This effect becomes apparent in late 

adolescence, probably as a result of the developing PFC cognitive control regions of the 

brain. Because this effect is consistently found in the adult population, even in polydrug 

users, it may well occur in day-to-day life whenever a stimulus must be inhibited. This 

has implications for social interactions, for the advertising industry and for people with 

substance dependence, among other areas.   

 

Social-Emotional Effects 

Importantly, the inhibitory devaluation effect has been observed for social as well 

as for neutral stimuli. Several experiments (Fenske et al., 2005; Raymond et al., 2005; 

Kiss et al., 2008; Frischen et al., 2012) have used faces as the to-be-inhibited stimulus. 

Participants were asked to rate the trustworthiness of inhibited and non-inhibited faces, 

and in each case previously-inhibited faces were subjectively judged to be less 

trustworthy. This has obvious implications for real-world human interactions. Scenarios 

occur every day when goal-directed behaviour is interrupted, often by other people. Does 

this then lead to automatic, unconscious disliking of those who have distracted you? This 

concept is summarized nicely by Barceló (2009):  

 

“Imagine yourself sitting at your desk, your thoughts immersed in formulating 

some complex brain theory. Suddenly, the door opens and an unknown face sticks 

out asking: Dr. Peters? – No, wrong office – you reply. Even if the smiling face 

quickly retreats in silence, it already captured your attention away, and briefly 

interrupted the smooth flow of your thoughts and actions.” 

 

The work reported here extended earlier findings with faces by using sexually 

appealing images, which are also social stimuli. Inhibited images of attractive people 

were relatively devalued, but participants were also less likely to act in order to see more 

images of this type. This work is preliminary, but suggests that inhibitory devaluation 

may change one’s actions as well as one’s feelings towards a previously-inhibited 

conspecific. In the future, the social and behavioural implications of inhibitory 

devaluation deserve a more thorough exploration. Is a job candidate who is the source of 
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numerous unsolicited, distracting emails and phone calls less likely to be hired? When 

concentrating on a task, is an interruption from a friend on a chat messaging program 

likely to lead one’s brain to associate her name with a negative emotional response, and 

will this then lead to actions such as avoiding answering her messages? Does knocking 

on your supervisor’s door while he is concentrating automatically induce dislike for you 

deep in his orbitofrontal cortex? There is much scope for future research to examine the 

inhibitory devaluation effect in a more ecologically valid social setting.  

 

Inhibitory Devaluation and Advertising 

In today’s world, what is more distracting than advertising? Advertisements have 

become ubiquitous, in the form of billboards, posters, transit advertising, magazine 

spreads, and so on. As well, with increasing internet usage, more and more advertisers are 

using text, pop-up and banner ads on web pages. Advertisements in media such as 

newspapers and web pages are presented next to the content that is of interest to the 

reader, meaning that they are in a prime position to directly interfere with goal-directed 

behaviour. Most work on advertising has examined the effect of attended advertising, or 

has assumed that the mere exposure effect (e.g., Zajonc, 2001) will apply in all cases. In 

the mere exposure effect, positive evaluation of a stimulus increases with increased 

exposure, even if it is viewed subliminally. However, this does not take into account 

advertising that must be effortfully inhibited: for example, advertising that appears 

alongside goal-relevant information and serves as a distractor. Under these 

circumstances, the inhibitory devaluation effect is likely to come into play.  

 

Work recently published by my colleagues and I (Frischen et al., 2012, 

Experiment 4) examined the interaction between the mere exposure effect and the 

inhibitory devaluation effect. Both modify the emotional value of a stimulus, but while 

the inhibitory devaluation effect leads to decreased positive affect in response to 

previously-inhibited stimuli, the mere exposure effect (e.g., Zajonc, 2001) increases 

positive affect with increasing exposure to a given stimulus. We showed participants two 

image types (polygons and squiggles) either two or five times during a preliminary 

exposure task. According to the mere exposure effect, liking ratings for the five-exposure 
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images should be higher than for the two-exposure images. These increasingly positive 

stimuli were then viewed in an inhibitory devaluation paradigm (Go/No-go task plus 

evaluation task) along with a set of novel images. In total, then, stimuli had been viewed 

either one, three or six times during the course of the experiment, as well as being 

associated with either a Go or a No-go cue. Results indicated a classic mere exposure 

effect for Go images: ratings increased in line with stimulus exposure time. However, for 

No-go images, affective evaluation scores decreased as exposure time increased, 

suggesting that inhibitory devaluation is reactive: the more inhibition that must be applied 

to each image, the more it is later devalued. Higher-exposure stimuli were more salient 

and presumably competed the most for response, requiring more inhibition and leading to 

greater devaluation. This work should be of great concern to advertisers, as it suggests 

that the positive affect generated by the mere exposure effect may actually reverse when 

intrusive advertisements must be inhibited.  

  

Recent work by Duff and Faber (2011) directly measured the effect of inhibited 

advertisments in a real-world context. They used a set of mock websites based on the 

website of a real newspaper, in which article content shared space with embedded or 

banner advertisements. Participants were given a timed search task that required them to 

find specific information contained in the website’s articles. Some participants were 

shown advertisements containing brand names alongside the articles, while control 

participants were shown similar advertisements containing only the words ‘Sample 

Brand’. Duff and Faber manipulated task difficulty (high vs. low working memory load), 

advertisement location (near or far from the target information) and similarity to the 

target area. Similar advertisements physically resembled the article in which the target 

information was embedded, while dissimilar advertisements did not. After performing the 

information search task on eight web pages, participants were asked to rate the 

advertisements they had viewed on two 7-point scales: a dreary/cheery scale based on 

Raymond et al. (2003), and a like/dislike scale more typically used in advertising 

research. Participants also evaluated one novel advertisement that was not viewed during 

the task, and performed a subsequent memory task to determine whether they could 

explicitly recall viewing the advertisements.  
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Results showed no significant differences between brand ratings for the 

distraction and control groups. However, the results were in a direction that suggested 

that some devaluation may have taken place. A significant effect of visual similarity was 

found, as well as an effect of task difficulty. This suggests that attributes that may affect 

the amount of inhibition that must be applied to a distractor influence the magnitude of 

devaluation seen for each item. Ratings for the novel brand did not differ between test 

and control group, suggesting that the differences in ratings were due to the inhibition 

that was applied to each brand advertisement. Brand recognition was significantly below 

chance, suggesting that the devaluation effects observed occurred without any conscious 

memory of the exposure.  

 

Although this work relies on a single exposure to each brand advertisement and 

some results were of marginal significance, it is an important test of the inhibitory 

devaluation effect in a real-world setting. This suggests that the inhibitory devaluation 

effect can subconsciously influence a person’s evaluation of a brand during the course of 

a realistic information-gathering task that is very similar to the way that informational 

websites are often used. This points to the importance of examining the effect of 

inhibition on goal-relevant stimuli, particularly in a real-world setting.  

 

Inhibitory Devaluation and Attentional Bias in Substance Dependence 

       Attentional processing is used as a filter to select stimuli in the environment 

for further processing. Items that the brain recognizes as important are preferentially 

allocated attentional resources (Parkhurst, Law & Niebur, 2002). Competition is biased in 

favour of these stimuli using top-down attentional inputs (Deco & Sing Lee, 2002). The 

emotional system is used to track information that is relevant or important to the 

organism, ensuring that such items are also given preferential processing (Ohman, Flykt 

& Esteves, 2001). In practice, although adaptive under most circumstances, this can lead 

to inappropriate attentional biases to emotional or otherwise motivationally-relevant 

stimuli. For example, in participants with high levels of trait anxiety, there is a 

pronounced attentional bias to threatening faces (e.g., Bradley, Mogg, & Falla, 1998). 
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The capture of attention by motivationally-relevant cues has been explored in the 

literature using cognitive tasks such as the visual probe task, the Stroop task, and direct 

measurements of eye movements. A typical visual probe task, first introduced by 

Macleod, Mathews & Tata (1986), involves presenting participants with two images 

(pictures or words) side-by-side on a computer screen. Following the presentation, a 

target stimulus (the dot probe) appears in one of the previous image locations. Subjects 

are then asked to indicate the location of the target as quickly and accurately as possible. 

Faster reaction times when the target replaces a motivationally-relevant stimulus indicate 

a greater attentional bias to this stimulus.  

 

Another way to examine selective attention is using direct eye measurements. 

These can be measured while the participant is performing a visual probe task as 

described above. When attentional bias is present, the eyes are fixed for a longer time on 

the area of the screen associated with the motivationally-relevant stimulus. A modified 

Stroop task, referred to as an emotional Stroop, can also be used to measure attentional 

bias. In the emotional Stroop task, individuals are asked to respond giving the colour of 

the ink in which emotional and neutral words appear. Attentional bias is shown by greater 

interference with colour naming for the emotional than for the neutral cues, in the form of 

increased verbal response time  (Ehrman, et al., 2002; Field & Cox, 2008). 

 

Attentional bias can be observed in the form of preferential engagement of 

attention (e.g., at short stimulus onset asynchronies) or delayed disengagement of 

attention from the motivationally-relevant stimulus (long stimulus onset asynchronies). 

The latter may be particularly maladaptive, as it leads to a narrow focus of attention on 

the stimulus and prevents allocation of attention to other, important factors in the 

environment. For example, delayed disengagement of attention has been found in high 

state-anxious individuals (Fox, Russell, Bowles & Dutton, 2001) and patients with 

generalized anxiety disorder (GAD; Bradley, Mogg, White, Groom & de Bono, 1999). 

This is thought to reflect heightened vigilance for threat cues, which may play a role in 

maintaining anxiety disorders (Mathews, 1990).  
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Attentional bias is also seen in people with substance dependence, who show a 

strong emotional response to drug-related stimuli and often have difficulty disengaging 

attention from them. Selective attention effects have been found in users of opiates 

(Lubman et al., 2000), alcohol (Townshend & Duka, 2001; Cox, Brown, & Rowlands, 

2003; Fadardi & Cox, 2009), cocaine (Franken et al., 2000), marijuana (Field et al., 2006) 

and nicotine (Ehrman et al., 2002; Munafo et al., 2003). Such an attentional bias may 

make it more difficult to avoid the drug-associated cravings that substance-related stimuli 

can provoke (Townshend & Duka, 2001; Field & Cox, 2008; Waters et al., 2003). The 

above-described attentional bias makes it very difficult for a substance-dependent person 

to avoid using drugs, even if they are motivated to quit. The attentional and emotional 

bias towards drug stimuli, combined with problems inhibiting automatic responses, make 

it difficult to override approach responses to drug stimuli. As well, attentional bias and 

cravings are strongly linked; in fact, cravings can be viewed as the emotional state 

produced by drug stimuli, as well as any other conditioned stimulus that invoke approach 

responses (Franken, 2003). If this is the case, then any cognitive intervention that could 

decrease the emotional response to drug stimuli would also decrease craving. Attentional 

programs have been used in the past to attempt to decrease maladaptive attentional bias. 

For example, Field and Eastwood (2005) gave an attentional training task to heavy social 

drinkers. Half were trained to attend alcohol cues and half to direct attention away from 

alcohol cues. They found significant changes in attentional bias between groups, with the 

attend-alcohol group showing significantly more attentional bias to alcohol cues. The 

attend-alcohol group also showed an increase in the urge to drink alcohol and consumed 

more alcohol when given a taste test after the training. However, such tasks have only 

focused on the attentional component of craving (e.g., Fadardi & Cox, 2009).  

 

Recently, response inhibition tasks have been used to modify implicit alcohol-

related cognitions as well as weekly alcohol use (Houben, Nederkoorn, Wiers & Jansen, 

2011). Heavy-drinking students were assigned to either consistently inhibit alcohol-

related or water-related images using a Go/No-go task. The Go or No-go cue was a letter 

superimposed over an image of beer or water. Results showed that participants who 



 
 

94 
 

consistently inhibited response to alcohol-related cues showed increased negative 

automatic associations with alcohol-related stimuli (measured by an Implicit Association 

Test) and reduced alcohol intake. Houben et al. (2011) attribute these findings to 

decreased automatic affective processes and increased ability to inhibit responses in the 

‘inhibit-alcohol’ group. It is true that practicing inhibitory control tasks may improve 

self-regulatory ability (e.g., Hanif et al., 2012). Perhaps more importantly, however, an 

inhibitory response consistently associated with a drug-related stimulus should lead to 

inhibitory devaluation of that stimulus. This decrease in emotional and motivational 

response can explain their results: devalued stimuli are presumably less compelling and 

thus less likely to invoke a strong approach response. In practice, this decrease in hedonic 

value and motivational incentive then leads to a decreased desire to use alcohol.  

 

The evidence presented here represents preliminary work assessing the feasibility 

of developing an inhibitory devaluation-based intervention, similar to those used to 

decrease attentional bias to drug stimuli (e.g., Field & Eastwood, 2005; Fadardi & Cox, 

2009). I have shown that a group of people in treatment for substance dependence are 

able to perform such a task, even those with various comorbid disorders and those who 

have been in treatment many times. I also found that inhibiting various types of 

motivationally relevant stimuli leads not only to decreases in the hedonic impact of the 

images associated with the inhibitory response, but also to decreased incentive salience. It 

must be noted that although devaluation of previously-inhibited stimuli have been 

consistently found, the effects are numerically quite small. It is possible that this may 

limit the applicability of the effect in a real-world setting. However, due to the consistent 

nature of the finding, it may well be possible to develop cognitive interventions to help 

people decrease maladaptive attentional bias to drug-related cues, decrease the 

motivational salience of those cues, and perhaps make it easier for people in treatment for 

substance dependence to avoid using their drugs of addiction. Benefits of this particular 

intervention would include lack of invasiveness (e.g., as compared to 

neuropharmacological interventions) and ease of use. Future research should examine the 

duration of these effects and the effect of repeated association with inhibitory tasks on 

substance-related stimuli.  
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Other Future Considerations 

Although it has long been known that emotional stimuli attract attention, the 

reciprocal interaction between attention and emotion has only recently begun to be 

examined.  I have mentioned some of the implications of this research above; however, 

there are a number of very interesting avenues that remain to be explored. For example, 

in Chapter 2 I outlined a study in which a significant inhibitory devaluation effect was 

found in adolescents aged 13-17 years. A stronger devaluation effect was found as age 

increased. This is a compelling finding, but relies on a special population of adolescents 

from an adverse background. To be clear exactly how the magnitude of the inhibitory 

devaluation effect increases with age, this study must be replicated using other groups of 

adolescents, including a group of less-disadvantaged adolescents who were not exposed 

to illegal substances in utero or trauma as children. It would also be interesting to look 

for the effect with younger children. As well, if possible this study should be replicated 

using alternate stimuli: it may be that the magnitude of the effect could change based on 

whether social-emotional or more neutral stimuli (e.g., geometric shapes) are used. 

Finally, I presented evidence that adolescents show the inhibitory devaluation effect after 

performing a behavioural inhibition task: would the effect still occur if an attentional 

inhibition (ignoring) task were used instead? The study in chapter 2 should be viewed as 

a springboard for additional cognitive-developmental work examining the interaction 

between inhibition and emotion in children and adolescents.  

 

Other future work could include more exploration of the social-emotional and 

motivational effects of inhibition, particularly as they relate to ignoring. It would be 

interesting to use, for example, a set of neutral faces in an attentional inhibition paradigm 

similar to Raymond et al. (2003) such that half are inhibited and half are the focus of 

attention. The effects of inhibitory devaluation could then be assessed by attaching the 

ignored or attended faces to resumes (matched for work experience level and 

qualifications) and giving the participant a mock hiring task. If ignoring of particular 

faces generates affective devaluation, decreasing motivation to hire these faces, I would 
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expect to see a significant decrease in hiring choice for inhibited compared to non-

inhibited faces.  

 

Finally, I have hypothesized that inhibiting motivationally salient stimuli may 

decrease attentional bias towards these stimuli when they are seen again.  A similar task 

that used selective attention rather than inhibition per se has been used by Field and 

Eastwood (2005) to decrease attentional bias to alcohol cues in heavy social drinkers. 

This decrease in attentional bias also seemed to decrease motivation to drink alcohol. I 

would like to replicate this using an inhibitory devaluation inhibit-then-evaluate 

paradigm. Attentional bias to motivationally relevant stimuli would be tested before the 

manipulation using a standard dot probe task. Participants would then inhibit either the 

motivationally relevant stimuli or neutral stimuli (seen as Go or No-go cues, between 

groups). A final dot-probe task would directly measure the effect of inhibition on 

attentional bias to motivationally salient cues.  

 

In summary, this thesis investigated the effects of inhibition on motivationally-

relevant stimuli. Decreased liking and wanting were shown for previously-inhibited 

motivationally-relevant images. The inhibitory devaluation effect was also observed in a 

group of polydrug users, and shown to develop over the course of adolescence. This 

effect may mediate individual differences such as risk-taking and goal achievement. In 

addition, this evidence that inhibition may influence the motivational salience of the 

inhibited stimulus may be the basis for developing cognitive tasks to decrease 

maladaptive responding to substance-related cues and other motivationally salient but 

maladaptive stimuli.  
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Appendix A 

Table 1 

STC Participant Characteristics 

Age Sex 

Number of 

Other 

Treatments 

Total 

Time at 

STC 

(days) 

Drug of Choice 
Polydrug 

User 

Comorbid 

Diagnosis 

Disclosed 

28 Male 1 90 
Alcohol and 

crack/cocaine 
Yes  

48 Male 4 79 Cocaine Yes  

27 Male 1 44 
Cocaine and 

marijuana 
Yes  

35 Male 0 90 Opiates Yes  

27 Male 1 50 
Alcohol and 

crack/cocaine 
Yes  

47 Male 3 47 Alcohol 

Yes, 

tobacco 

only 

 

42 Male 1 123 Crack/cocaine Yes  

27 Male 0 152 Crack/cocaine Yes  

27 Male 3 75 Crack/cocaine Yes  

31 Male 2 35 Alcohol 

Yes, 

tobacco 

only 

 

26 Female 1 90 Opiates Yes  

32 Female 1 90 

Opiates and 

methamphetamine 

(crystal meth) 

Yes 

Depression, 

anxiety, 

PTSD 

34 Female 2 90 
Alcohol and 

marijuana 
Yes  

28 Female 0 120 
Methamphetamine 

(crystal meth) 

Yes, 

tobacco 
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only 

21 Female 2 30 Crack/cocaine No ADHD 

40 Female 2 60 Opiates Yes  

29 Female 2 210 
Methamphetamine 

(crystal meth) 
Yes Bipolar 

30 Female 3 30 Crack/cocaine Yes 

Depression, 

possible 

ADHD 

35 Female 1 14 Cocaine No  

30 Female 1 2 Crack/cocaine Yes  

35 Female 1 24 
Opiates and 

crack/cocaine 
Yes Depression 

29 Female 5 75 Prescription opiates Yes  

49 Female 3 420 Opiates Yes  

26 Female 1 45 Opiates No  

26 Female 1 30 Diazepam 

Yes, 

tobacco 

only 

ADHD 

 

 


