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 Can our sense of smell influence our ability to self-regulate? The following thesis 

examined whether or not olfactory cues could influence a cognitive measure of self-

regulation, and whether this effect would be moderated by goals. Further, it was proposed 

that emotion would mediate the relationship between scents and self-regulation. A total of 

127 participants took part in the study. Magazine covers were used to prime either health 

or indulgence goals and participants were exposed to either an appetitive scent (baking 

cookies) or a non-appetitive scent (lavender) with the aim of creating emotional conflict. 

Self-regulation was measured by performance on a Stroop task. Goals were found to 

interact with scent type in order to yield differing impacts on self-regulation, however, the 

predicted mediating effects of emotion were unsupported.  
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Chapter 1 

 Introduction 

 Have you ever caught the faintest whiff of an odour which suddenly brings to mind a 

strong, emotional flood of memories? Perhaps in the long, cold winter months the familiar smell 

of sun block may instantiate thoughts about times spent at the beach and an intense longing for 

the summer. Or, maybe you smell the particular perfume that a loved one used to wear. In all of 

these cases, there is an often intense affective reaction coupled with sometimes rather innocuous 

smells. In other instances, the scent as well as the reaction may be more general, for example, as 

with food. The smell of food can often bring about severe cravings for that food and initiate a 

hunger drive (Fedoroff, Polivy, & Herman, 2003).  

 It is clear that our sense of smell can be accompanied by strong feelings, and the link 

between olfaction and emotion has been well studied, olfaction being dubbed as the emotional 

sense (Soudry et al., 2011). Further, to discuss something so general such as how the smell of 

food can stimulate our appetite is unappealing and fairly intuitive. However, what if the smell of 

food could affect us in a peculiar and non-food related manner? What if the smell of food could 

increase your propensity to gamble? While at first this may sound rather puzzling, research in the 

field of self-regulation suggests this may be possible.  

 Self-regulation, otherwise known as willpower or self-control, is the ability to inhibit 

urges and maintain focus on superordinate goals in the face of temptation (Hofmann et al.,2012). 

For instance, you may be torn about whether or not to indulge in a delicious piece of cake (the 

temptation) or stick to your diet (the superordinate goal). It is this tearing of the will that is of 

particular interest to psychologists, marketers, and a great deal of others. It has been suggested 

that this process creates a sense of conflict, which fatigues self-regulation, much like a muscle 
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(Baumeister, Vohs, & Tice, 2007; Hagger et al., 2010). Just as a muscle exerts a finite amount of 

force before it is finally exhausted, self-regulation is often classified as a finite resource which 

may be used up and spent, at which point self-regulation failure (i. e. giving in to temptation) 

occurs (Muraven & Baumeister, 2000; Vohs & Faber, 2007).  

 Though there appear to be many factors that may push the will this way or that some of 

the circumstances which dictate our propensity to indulge or resist may be more straightforward 

than others. If the cake were exorbitantly expensive, perhaps it would be easier to resist. If your 

friend recommended it to you and explained how delicious it is, this may prompt you to indulge. 

In these simple examples, our ability to self-regulate is heavily and exclusively entangled with 

the stimuli itself, the cake, and it is usually easy for us to see and explain why we make the 

choices we do. It is only when these causal forces acting on our willpower are once or twice 

removed from the stimuli that the waters become unclear, and we find ourselves making 

decisions with no idea as to why.  

 Indeed, self-regulation failure can occur every day, and often we are not even aware that 

it is happening. Part of this lack of awareness may stem from the fact that self-regulation is 

thought to be a global, as well as a finite cognitive resource. It is global in the sense that any act 

of self-regulation (and some would argue, more generally, any cognitively demanding task) can 

have a detrimental impact on subsequent acts of self-regulation (Baumeister & Heatherton 1996; 

Baumeister et al., 1998). It is finite in that each act of self-regulation depletes this pool of 

willpower resources, and when there is none left self-regulation failure may occur (Muraven & 

Baumeister, 2000; Vohs & Faber, 2007). In this manner, our self-control for one task may cross 

cue to another unrelated task since the resource is shared. According to Baumesiter and 

Heatherton (1996, p. 3) "At any given time, a given person will only be able to regulate so much 
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of his or her behavior, and so when strength is depleted by demands in one sphere, self-

regulatory breakdowns may occur in others. " For example, if you are trying to stick to a diet you 

may find yourself irritable and short with others because you have essentially impaired your 

ability to self-regulate your emotions by spending your resources on your diet instead 

(Baumeister & Heatherton, 1996). This thesis proposes that our sense of smell may operate in 

much the same way.  

 Olfaction is an incredibly powerful sense. While not as powerful as many other 

mammals, the human nose can still detect close to 10,000 unique odours (Bradford & 

Desrochers, 2009). Though it is obvious to state that smelling a delicious food will cue us to 

indulge in that food (Fedoroff, Polivy, & Herman, 2003), odours may be able to skirt the 

boundaries of perception to act on our sense of self-control without our awareness (Coelhlo et 

al., 2009). Furthermore, the effect of olfaction on our ability to self-regulate may not be a direct 

one, but rather may be mediated. We have already discussed how olfaction can be an extremely 

emotional sense, and there is also a considerable amount of literature that suggests emotion may 

play a role in self-regulation (Katzir et al., 2010; Ren et al., 2010; Rugar, Bettman& Fitzsimons, 

2007; Tice et al., 2007), however, the results are contradictory and far from unified (Mitchell & 

Phillips, 2007). For example, some researchers indicate that positive mood may facilitate 

underlying self-regulatory processes (Ashby et al., 1999) while others argue that positive mood 

inhibit theses processes (Phillips et al., 2003), and Mitchell and Phillips (2007) point out that 

many studies investigating the effects of mood on cognitive processes suffer from 

methodologically problematic mood induction and measurement procedures.  

 Thus, the goals of this thesis will be five fold. First, to address the controversy 

surrounding the impact of emotion on self-regulation, demonstrating that unique, discrete 
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emotions will yield differential effects on self-regulation. Second, to introduce olfaction as a 

completely novel means of manipulating self-regulation. Third, to display the importance of goal 

conflict in self-regulation and show how a positive scent can induce negative affect. Fourth, to 

demonstrate the robustness of this effect and demonstrate the underlying theory by linking an 

olfactory cue, such as food, with a completely unrelated cognitive based measure of self-

regulation. Finally, through all of this I argue for the unification of several underlying theories 

into a comprehensive framework, illustrating that they share cohesive, interrelated foundations. 

Broadly speaking, this research can be divided into three distinct categories: self-regulation, 

emotion, and olfaction. 

 First, self-regulation is a complex cognitive process involving both working memory 

(Hoffmann et al., 2008) and attention (Vohs, & Faber, 2007) and impairing either of these 

components can result in detrimental self-regulation.  Further, these components require 

cognitive resources, and self-regulation is finite in the sense that it can be exhausted (Muraven & 

Baumeister, 2000; Vohs & Faber, 2007).  Self-regulation occurs within a dual system framework 

and is predicated on the notion that some thought processes occur relatively automatically, while 

others must be actively inhibited (Evans, 2008), furthermore, it is the latter that requires 

cognitive resources and the use of self-regulation (Cappelletti, Guth, & Ploner, 2011).  Exactly 

how this usage occurs is debatable; some explanations point towards a cognitive load argument 

which indicates that resources are merely preoccupied, while other explanations, such as ego 

depletion, posit that self-regulatory resources become depleted (Vosgerau et al., 2008).  Ego 

depletion is also distinct from cognitive load in that it indicates these resources are global such 

that all acts of self-regulation draw from a common pool (Baumeister & Heatherton 1996; 

Baumeister et al., 1998). Lastly, and of key importance to this thesis, ego depletion highlights the 
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importance of how the act of self-regulation brings about conflict due to incompatible goals 

(Hoffmann et al., 2012). 

 Second, emotion, and its impact on self-regulation, has been well studied (Katzir et al., 

2010; Ren et al., 2010; Tice et al., 2007; Zemack-Rugar, Bettman & Fitzsimons, 2007), however, 

the findings are mixed (Mitchell & Phillips, 2007). This may be due to broad, blanket 

operationalizations of emotion with vague terms like "positive affect" and "negative affect" 

without considering the fact that these notions contain various discrete emotions (i.e. anger, fear, 

and sadness are all forms of negative affect) (Laros & Steenkamp, 2005).  It is possible that, in 

terms of self-regulation, there are distinct differences between these discrete emotions (Katzir et 

al., 2010; Zemack-Rugar, Bettman, & Fitzsimons, 2007), and classifying emotions by their levels 

of pleasure and arousal (Russell, 2003) may be beneficial.  In particular, it is argued that when 

examining self-regulation extra consideration should be given to the emotion of anger due to the 

conflicting nature of self-regulation that may bring about frustration (Gal & Liu, 2011).  In 

addition, there is strong neuropsychological evidence which suggests anger is important in 

determining self-regulatory performance is it has been found to activate the anterior cingulate 

cortex (Fusar-Poli et al., 2009), a brain region integral to self-regulation (Botvinick et al., 2001).  

Finally, emotional activation of this brain region may occur in a specific subdivision, which acts 

in a reciprocating manner and is able to shut down a separate sub-division responsible for self-

regulation (Bush, Luu, & Posner, 2000). 

 Third, olfaction may provide an excellent means of manipulation emotion in order to 

impact self-regulation.  It has been dubbed  as  "the emotional sense" and has very close 

neuroanatomical ties to the limbic system and areas of the brain which are activated by emotion 

(Soudry et al., 2011).  In fact, there appears to be a "neural road" which starts with the olfactory 
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bulbs, which then project to the amygdala (Soudry et al., 2011), which then projects to the 

anterior cingulate cortex (Bush, Luu, & Posner, 2000), which finally projects to the prefrontal 

cortex (Chebat & Michon, 2003).  There has been some research in the field of scent marketing 

(Cupchick et al., 2005; Mitchell et al., 1995), however, methodologies differ considerably as 

what is considered a pleasant/unpleasant scent can be unclear (i.e. comparing Habel et al.'s 

(2007) rotting yeast scent to Orth and Bourrain's (2005) green pepper scent) and the use of scent 

cocktails further complicates the matter (Chebat & Michon, 2003; Teller & Dennis, 2012).  

Beyond this, the use of olfaction to impact self-regulation is untested; and while there are several 

studies upon which support for this argument can be drawn (Di Muro and Murray, 2012; Hirsh, 

1995; Rofey et al., 2007; Wadhwa, Shiv, & Nowlis, 2008), many of them fail to directly address 

the role of self-regulation or the part of emotion. 

 Finally, from these three categories emerges an integrative framework.  If emotion is 

thought to impact self-regulation, and if olfaction is thought to be a highly emotional sense, then 

emotional activation through olfaction ought to influence self-regulation.  In the present thesis, 

an experiment was carried out in which emotion was operationalized using elements of pleasure 

and arousal from Russell (2003) and discrete, hierarchical emotions from Laros and Steenkamp 

(2005).  Self-regulatory resources were depleted by priming participants with goals which 

prompted self-regulatory conflict (Hoffmann et al., 2012) as they interacted with experimentally 

manipulated ambient odours.  Thus it was expected that the effect of an olfactory cue on self-

regulatory performance would be moderated by what goals and individual possesses, and further, 

whether or not holding these goals produces conflict should evoke an emotional response which 

will mediate the overall effect.  While the results support the notion that conflict between 

olfactory cues and is detrimental to self-regulation, they do not cleanly support the mediating 



7 
 

 

role of emotion.  Exploratory analyses and discussion yield insights as to why the model did not 

manifest as predicted, and offer up potential avenues for future research. 

 

Chapter 2 

Self-Regulation 

2.1 Conception and Constituents 

 Self-regulation is an incredibly important quality, with wide ranging implications 

reaching many areas such as drug addiction, education, gambling, and domestic violence to name 

a few (Baumeister & Heatherton, 1996) and has been described as a "core feature of the self" 

(Tyler & Burns, 2009, p. 255). Though it is known by various names in the literature (self-

control, willpower, self-restraint, inhibition), in short it describes our ability to do or not do. As 

such, our ability to self-regulate is present in an extremely wide variety of behaviours, which can 

sometimes make defining the construct problematic. In the field of marketing and consumer 

behaviour, the lines of what is and is not considered self-regulation become arguable, and clear 

operationalization is required. For example, impulse buying can be construed as an act of self-

regulation failure (Verplanken & Sato, 2011). However, in a willingness to pay paradigm, if a 

cognitive manipulation results in higher spending by consumers, does this qualify as self-

regulation failure? Dieting is often given as a standard example of self-regulation; can self-

regulation be measured using candy bar sales? If this can be considered valid, then we must 

concede that any sales data may be considered as a proxy for self-regulation failure since it is 

conceivable that any individual may be exercising self-control to refrain from purchasing a 

particular item. This is exactly the conclusion that Vohs and Faber (2007) reached as they found 

that when self-regulation was impaired, general urges to consume, impulse buy, and spend more 
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increased. The point to be taken here is simply that, like most latent psychological constructs, 

self-regulation is difficult to pinpoint and there may be a multitude of behavioural effects arising 

out of a single cognitive mechanism. Furthermore, there may be considerable overlap between 

related, though distinct constructs such as attention and working memory which, for the purpose 

of this thesis, will serve as the two primary constituents of self-regulation.  

  Attention is inherent in the process of self-regulation. It is a mechanism whereby 

relevant information is selected from a sea of irrelevant information (Fenske & Raymond, 2006). 

Baumeister and Heatherton (1996) qualify attention's relation to self-regulation through a quality 

known as transcendence. This is the ability to focus one's attention on the long term, away from 

the immediate situation (hence, transcending the immediate). The example given is dieting, in 

which individuals forego consumption despite their current hunger, in favour of future goals of 

being healthy or losing weight. They propose a variety of ways in which self-regulation failure 

can occur, though all are related to a lack of this transcendence; when attention is focused solely 

on the immediate context.  

 Attention, as mentioned above, is used to select task relevant and ignore task irrelevant 

stimuli, whereas the act of self-regulation relies on the ability to inhibit natural responses, 

behaviours, or impulses. Attention serves as a type of mediator in the case of self-regulation. 

Baumeister and Heatherton (1996) describe a two-fold effect of attention on self-regulation, 

whereby (1) broadening attention can serve to focus on long term goals and take focus away 

from the immediate, impulsivity at hand, and at the same time, (2) careful control of attention 

and inhibition of temptations will result in avoiding instances where self-regulation is needed 

altogether. Research has shown that young boys demonstrating high levels of attentional control 

are able to more easily avoid impulsive hostile tendencies in situations of anger (Rueda, Posner, 
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& Rothbart, 2005). In contrast, those suffering from depression are often unable to use their 

attention to effectively self-monitor, resulting in a negative misperception of performance that 

encourages an inability to properly self-regulate emotion (Bandura, 1991).  

 Attention is not the only cognitive process involved in self-regulation, as working 

memory is also thought to play a crucial role. According to Fitousi and Wenger (2011), working 

memory functions to maintain priorities and goals, as well as inhibit distracting information. 

Defined rather broadly, working memory is "a system for the temporary storage and 

manipulation of information." (Ward, 2006, p. 179). Working memory is different from old 

conceptions of short term memory in that it is not simply a passive storage system; it involves 

the notion of short term memory along with a sense of overarching, cognitive organization. As 

the name implies, memories are "worked on", in other words, information is sorted and 

prioritized and not merely stockpiled (Reisberg, 2007,p. 144). This type of cognitive sorting is 

known as executive control (Reisberg, 2007,p. 128), and also overlaps substantially with self-

regulation. If working memory is compromised, goals cannot be maintained and distracting or 

unwanted information fails to be rejected which can lead to a lack of self-control (Schmeichel, 

Volokhov & Demaree, 2008).  

 If attention can be conceptualized as a spotlight, higher order executive control allows us 

to direct that spotlight, and this form of direction has a twofold effect. First, it serves to focus on 

the relevant goals and information, and second, it inhibits and ignores the irrelevant (Reisberg, 

2007, p.128). A study by Kane et al. (2001) examined the effects of working memory capacity 

on attentional control using pro and antisaccade tasks. Participants had to identify a stimulus 

letter on a computer screen which was preceded by an attention grabbing cue. This cue was 

either in the same vicinity that the letter would appear (prosaccade) or in the opposite portion of 
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the screen (antisaccade). Not surprisingly, response latencies were much slower overall for 

antisaccade trials as the cue was confusing and misleading, however, differences were found 

among those with high and low working memory capacity. Though there appeared to be no 

difference in terms of prosaccade trial response times, antisaccade trials showed a marked 

decrease in response times for those with high relative to low working memory capacity. The 

reasoning was that those with high working memory capacity were better able to ignore the 

distracting cue and maintain a strong focus on the task. In addition, those with low working 

memory capacity showed impaired performance arising from order effects. When first 

completing a set of antisaccade tasks followed by prosaccade tasks, it was found that these 

individuals had difficulty switching their goals to reflect the new task. Even though the 

prosaccade trials consistently provided cues which matched where the letter would appear, low 

working memory capacity individuals often disregarded these cues, gaining no benefit. Overall 

this is congruent with the notion that working memory helps to prioritize and organize goals.  

 However, Kane et al. (2001) measured working memory capacity as an individual trait. 

Participants were screened and distributed into high and low working memory capacity groups 

via an operation word-span task (a cognitively demanding task involving solving mathematical 

questions followed by recall of words). Although, this is not abruptly different from many 

measures used to describe self-regulation. The Problem Gambling Severity Index (Ferris 

&Wynne, 2001), the GASP guilt/shame proneness scale (Cohen et al., 2011), and the Temptation 

and Restraint Inventory (Collins, George, & Lapp, 1989) could arguably all be used as proxies 

for measuring self-regulation as they are concerned with a sense of impulsiveness and 

management of conflicting goals. If, for example, an individual is prone to gambling, we would 

suspect that they have poor self-regulatory capabilities, and the same conclusion can be drawn 
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for those with low working memory capacity. There are also more direct measures as well, such 

as the aptly named Self-Regulation Scale (Schwarzer, Diehl, & Schmitz, 1999), or the BIS/BAS 

(Carver & White, 1994) that contain items such as "When I see something I want I usually go all 

out to get it". Nevertheless, whatever an individual's predisposition regarding self-regulation, a 

key aspect of this construct is the very notion that it is malleable.  

 Self-regulation is not a constant. Even those who score highly on scales of trait self-

regulation and display admirable self-control can give in to temptation or succumb to distraction 

under the correct circumstances. Further, those on the opposite end of the spectrum who seem to 

be prone to self-regulation failure may improve their willpower. Studies have shown that 

working memory can be manipulated such that low working memory leads to an inability to 

control emotional states (such as anger), and greater temptation in the case of hedonic pleasures 

of food and sex (Hofmann et al., 2008; Schmeichel, Volokhov & Demaree, 2008).  

 Likewise, attention can be manipulated also, but rather than simply "high" and "low" 

attentional states, it may be more accurate to describe these manipulations in terms of attentional 

direction. The weapon focus effect is an example of classic research in this area, whereby 

participants attending to a scene with threatening (negative) stimuli tend to have little memory 

for peripheral details (Steblay, 1992). It has been implicated that inducing negative affect can 

result in a strong constriction, or narrowing of attention (Fenske & Eastwood, 2003). More than 

this, positive affect may produce the opposite by broadening one's scope of attention (Rowe, 

Hirsh, & Anderson, 2007). A study by Fenske and Eastwood (2003) examined the role of 

positive and negative affect (as induced by happy or sad faces respectively) on flanker 

compatibility effects. Traditionally, in this task a participant is shown both a stimulus that is 

central to their visual field, and stimuli that border around or "flank" this central stimulus. If the 
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flanking stimuli are congruent (i. e. a happy face central target with happy face flankers), 

reaction times for identifying the central stimulus are usually speeded. The researchers found that 

this effect was washed when using sad faces; sad faces constricted attention such that the 

flanking stimuli did not produce a facilitating effect. Though it may be premature to conclude 

that such a manipulation induced negative affect, it nonetheless indicates that there may be a 

relationship between affect and self-regulation.  

 Although, the fact that self-regulation is malleable through the alteration of its 

constituents is neither shocking nor insightful as this can be said for many latent constructs. 

However, an important quality that sets self-regulation aside from a variety of other cognitive 

processes is not just that it can be modified into levels of high vs. low, but that it appears that it 

can actually be "spent". This brings us to perhaps the most important quality of self-regulation: it 

is a resource. It can be fatigued and drained, or it can be bolstered and replenished. Those with a 

predisposition to self-regulation may have more of this resource available to them at any given 

time, but for all individuals this supply is finite and can be used up (Baumesiter & Heatherton, 

1996; Baumeister et al., 1998; Muraven & Baumeister, 2000). There appears to be some debate 

as to the exact manner in which this occurs, though each conception falls under a dual process 

model.  

 

2.2 Dual Process Models 

 Dual process models of self-regulation are quick to divide cognitions into two 

fundamental categories: hot processes and cold processes, or more neutrally, system 1 and 

system 2 (Evans, 2008). This division has also been characterized as experiential and rational 

(Epstein, 1994), automatic and controlled (Schneider & Shiffrin, 1977), heuristic and systematic 

(Chaiken, 1980), and more poetically, heart and mind (Shiv & Fedorikhin, 1999). In all cases, 
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they refer to the notion that some thought processes occur with little to no effort, while others 

require a great deal (Loken, 2006). Evans (2008) gives a thorough overview of the topic, and 

besides some minor differences in conception, many cognitive theories fit underneath this 

umbrella, however, for the purpose of this proposal the focus will remain on self-regulation.  

 One of the oldest and perhaps most classic techniques used to examine self-regulation 

that clearly illustrates a dual system influence is the Stroop test (Mitchell & Phillips 2007; 

Stroop, 1935; for a thorough review of the effect see MacLeod, 1991). The design we know 

today involves presenting participants words in either congruent ink (e. g. the word "RED" 

printed in red ink) or incongruent ink (e. g. the word "RED" printed in green ink) and sometimes 

control trials (e. g. a series of X's in a random ink colour), though Stroop himself only used 

incongruent pairs along with control colour words printed in black ink. The task is for 

participants to name the ink colour, whether it corresponds with the word or not. In the case of 

incongruent trials, participants find themselves at odds with their automatic tendency to read the 

word rather than just naming the ink colour. In other words, to function successfully participants 

have to self-regulate by disregarding the names of the colours, inhibiting their urges to read, and 

focus solely on the ink. Indeed, in Stroop's original study, reading of words was largely 

unaffected by the ink it was coloured in, however, when participants had to name the ink colour a 

substantial amount of interference was observed (approximately a 74% increase in time relative 

to the black control words). From a dual process perspective, it is plain to see that colour reading 

is a hot process (automatic and without effort), while colour naming is a cold process (controlled 

and effortful).  

 More recently Shiv and Fedorikhin (1999) were able to clearly demonstrate a dual 

process model using cognitive loads, and what's more, they highlighted how important this 
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division can be not only to psychology, but consumer behaviour. Participants were either told to 

hold a two digit or a seven digit number in memory while they completed a task. This simple act 

of remembering a small versus large number is in fact sufficient to alter one's cognitive capacity. 

Those who remembered the seven digit number had greater demands placed on their cognitive 

system (a high cognitive load), and hence low cognitive capacity. At the end of the experiment, 

these participants were more likely to choose chocolate cake as a reward over fruit salad. Their 

explanation was that the high hedonism associated with the cake was processed relatively 

automatically, whereas the health benefits of eating a fruit salad fall more in the realm of long 

term goals and effortful cognitive rationalization. With so few resources, participants diverted to 

their natural tendencies and defaulted to a behaviour that was minimally demanding, choosing 

the chocolate cake. Again, it is plain to see how the hedonically rewarding stimuli fit into a hot 

system, while the healthy stimuli, requiring greater cognitive elaboration, fit into a cold system. 

What is less clear, however, is the exact means by which participants were pushed towards hot or 

cold processing.  

 

2.3 Ego Depletion and Cognitive Load 

 Though a deep reading of these two theories is of critical importance to understanding 

how self-regulation acts cognitively, there is little to no literature which highlights the distinction 

(if one actually exists) (Vosgerau et al., 2008). Indeed, the two are so often misunderstood that 

terminology is either combined or simplified to generic phrases such as "control resources" 

(Friese, Hofmann, & Wanke, 2008) which leaves the reader with little direction as to the exact 

theoretical mechanism. Provoking either one will result in poor self-regulation, and in both cases 

there appears to be some sort of cognitive exertion taking place.  
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 Vosgerau and colleagues (2008) are some of the only researchers to attempt to 

empirically test these two theories and their impact on self-regulation using a 2 (cognitive load: 

high vs. low) × 2 (ego depletion: present vs. absent) design. Their results, while not definitive, 

demonstrate that both ego depletion and cognitive load can result in similar effects, though their 

dependent variables were recall and recognition which are not common measures of self-

regulation. Nonetheless, their take on the conceptual difference between these two theories is 

valuable. One characteristic they state that divides these two notions is temporal context. In the 

case of ego depletion, self-regulation is said to be impaired after previous self-regulation, in 

other words, subsequent trials of self-regulation will be less effective compared to initial ones 

(Muraven & Baumeister, 2000). Often, ego depletion likens self-regulation to a muscle, whereby 

its use results in its fatigue, but over time strength can be recovered (Baumeister, Vohs, & Tice, 

2007; Hagger et al., 2010). This is different from a cognitive load perspective in that it has an 

effect on the current situation (Vosgerau et al., 2008). Once a load is place on the cognitive 

system, self-regulation is immediately impaired, and further, once removed self-regulation 

returns to normal. It would be safe to say that ego depletion is thought to indeed deplete 

resources while a cognitive load merely preoccupies them.  

 Another distinction between these two is their resource specificity. Ego depletion pertains 

to the draining of self-regulatory resources in a more exclusive and restricted sense. After all, 

ego depletion dictates that acts of self-regulation, not other forms of cognitive fatigue, impair 

subsequent attempts to self-regulate. While rather abstract cognitive loads have been shown to 

strongly influence self-regulatory behaviour (like the digit memorization procedure outlined 

earlier), ego depletion draws substantial support from research highlighting brain reward 

circuitry. Work in the field of cognitive neuroscience has established that while tasks high in 
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working memory are likely to utilize areas of the prefrontal cortex, reward and goal associated 

stimuli show activation with a mesolimbic dopamine system. In particular, reward activation 

appears to concern the nucleus accumbens, the anterior cingulate cortex (Acc), and the ventral 

pallidum (Berridge, Robinson, & Aldridge, 2009; Chambers, Bridge, & Jones, 2009; Smith et al., 

2009). Thus, ego depletion is more parsimonious with the notion that self-regulation requires the 

active inhibition of interfering stimuli (i.e. focusing on long term goals rather than short term 

rewards).  

 As an illustration of the confusion induced by these two mechanisms, consider the 

following study by Boucher & Kofos (2012). They operationalized self-regulation in two 

different ways along with two different measures to determine if self-regulatory resource 

depletion (they adopt an ego depletion standpoint) had occurred. In one experiment, participants 

had to cross out the letter "e" in a given piece of text in accordance with complex rules after first 

being habituated to crossing out the letter with no restrictions. In another, they underwent a 

thought suppression task whereby they attempted to stifle the notion of a white bear for 5 

minutes. In the former experiment, participants completed a Stroop task after their depletion 

session to observe whether in fact the task did have an effect on their resources. In the latter, 

participants had to solve difficult anagrams. While confirmation with the Stroop task follows the 

pattern of ego depletion (that self-regulation will be impaired upon subsequent attempts to self-

regulate), the results of the anagram task are somewhat perplexing. Unlike the Stroop task which 

pits one's automatic urges against controlled responses, anagram solving does not demonstrate 

this duality; rather, it simply requires a great deal of cognitive resources. Stroop tasks are tasks of 

active inhibition (Banich, 2000). Conflict monitoring between word reading and colour naming 

has shown activation of the Acc during Stroop trials (Bush, Luu, & Posner, 2000; MacLeod & 
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MacDonald, 2000), yet anagram solving seems more in line with a cognitive load explanation, 

since the resources needed for this task are not specific to self-regulation, and follow the more 

generic notion of working memory. However, this explanation is further complicated by the 

temporal mismatch, in that for a cognitive load view to be adopted the "depleting" task must be 

concurrent, yet in this case the thought suppression task occurred before the anagram task. 

Despite the confusion between these two manipulations, the study does suggest overall self-

regulation is being assessed in one form or another.  

 It may very well be that ego depletion serves itself as a type of cognitive load. If simple 

digit memorization is sufficient to alter cognitive performance, then surely an extensive act of 

conflict management will result in load as well. This does not mean, however, the we should 

simply adopt a cognitive load paradigm. After all, ego depletion does not appear to be the same 

as other cognitive loads since it is persistent (Inzlicht & Schmeichel, 2012). If ego depletion 

were to be classified as a type of cognitive load, we would observe that the load would not take 

the simple form of on/off, rather, it would be as if the load is slowly lifted (usually known as the 

process of ego replenishment). While intuitively this sounds incompatible, a return to the neural 

circuitry literature yields some provocative insights. If ego depletion occurs on a separate reward 

based network then it is possible, if not likely, that it carries some type of affective component 

with it. Affective states, emotions, and moods are known to persist over time and frequently 

occur without conscious awareness or control (Russell, 2003). Thus, the drawn out process of 

ego depletion/replenishment, as distinct from the rather immediate effects of cognitive load, may 

be explained due to some type of affective influence. While it is not within the scope of this 

thesis to fully disentangle the theoretical mechanisms between cognitive load and ego depletion, 

this examination does lead us to key facet of ego depletion: conflict.  
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 Ego depletion is distinct from simple cognitive load in that it requires conflict(Hofmann 

et al., 2012). Thus, the argument put forth in this thesis is not to be confused with attentional 

biases. While effective monitoring is an important pre-cursor for proper self-regulation 

(Baumesiter & Heatherton, 1996) and a lack of attention has been shown to be detrimental to 

self-regulation (Hull 1981), this is not the route to failure proposed here. Conflict can be defined 

as: "a signal that there is a discrepancy or incompatibility between the person’s present desire 

and other higher order goals that needs to be resolved." (Hoffman et al., 2012, p. 1319). This 

definition is important as it also brings to light the interplay between goals and desire. When an 

individual experiences a desire, yet is unable to fulfill that desire, feelings of conflict emerge, in 

particular anger or frustration (Gal & Liu, 2011). Considering the proposition above, that ego 

depletion may serve as a specialized type of cognitive load, the notion of conflict may provide 

the necessary load in the process of such depletion.  

 In summary, self-regulation is a complex cognitive process involving both working 

memory (Hoffmann et al., 2008) and attention (Vohs, & Faber, 2007) and impairing either of 

these components can result in detrimental self-regulation.  Further, these components require 

cognitive resources, and self-regulation is finite in the sense that it can be exhausted (Muraven & 

Baumeister, 2000; Vohs & Faber, 2007).  Self-regulation occurs within a dual system framework 

and is predicated on the notion that some thought processes occur relatively automatically, while 

others must be actively inhibited (Evans, 2008), furthermore, it is the latter that requires 

cognitive resources and the use of self-regulation (Cappelletti, Guth, & Ploner, 2011).  Exactly 

how this usage occurs is debatable; some explanations point towards a cognitive load argument 

which indicates that resources are merely preoccupied, while other explanations, such as ego 

depletion, posit that self-regulatory resources become depleted (Vosgerau et al., 2008).  Ego 
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depletion is also distinct from cognitive load in that it indicates these resources are global such 

that all acts of self-regulation draw from a common pool (Baumeister & Heatherton 1996; 

Baumeister et al., 1998). Lastly, and of key importance to this thesis, ego depletion highlights the 

importance of how the act of self-regulation brings about conflict due to incompatible goals 

(Hoffmann et al., 2012). Thus, the idea that there is an emotional component involved in self-

regulation is worth entertaining, and the following section outlines how such a relationship may 

be possible. 

 

Chapter 3 

Emotion and Self-Regulation 

 The link between emotion and self-regulation has been well studied (Katzir et al., 2010; 

Ren et al., 2010; Rugar, Bettman & Fitzsimons, 2007; Tice et al., 2007), yet despite exhaustive 

efforts, there is little consensus in the literature. The major research question in this area has 

been: will positive or negative affect impair or improve self-regulation? There are convincing 

arguments coming from both sides, of which Mitchell and Phillips (2007) describe three of 

particular interest. As outlined earlier, negative affect can result in a constricting of attention, 

whilst positive affect can result in a broadening of attention (Fenske & Eastwood, 2003; Rowe, 

Hirsh, & Anderson, 2007). Of these three arguments two are presented that are able to take this 

phenomenon and turn it both for and against self-regulation.  

 First, it has been argued that the attention constricting qualities of negative affect may be 

beneficial to self-regulation as resulting changes in cognitive processing facilitate careful, 

systematic thinking (Park & Banaji, 2000). On the contrary, the fact that positive affect promotes 

global and more heuristic processing can be viewed as detrimental (Park & Banaji, 2000). In 
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other words, positive affect may facilitate distraction as high levels of concentration are required 

when performing executive tasks that are particularly demanding, and in this case it is negative 

affect that provides the necessary focus (Mitchell & Phillips, 2007).  

 Second, some argue that this type of global processing is conducive to flexible and fluid 

mental tasks and when experiencing novel items, positive affect may result in widespread 

activation of neural networks making cognitions more accessible (Ashby et al., 1999). Negative 

affect does not result in this boost of cognitive flexibility, and its experience may hamper such 

processes.   

 The third argument is distinct from these attentional views, and the effect of emotion on 

self-regulation can be positioned in a cognitive load framework (Mitchell & Phillips, 2007). In 

short, any type of emotion, whether positive or negative, can be viewed as a type of cognitive 

baggage and the experience of emotion is thought to weigh down the cognitive system and pre-

occupy valuable executive resources (Seibert & Ellis, 1991). When these resources are required, 

such as in a self-regulatory task, the individual fails.  

 Thus, no real consensus exists in the literature as far as the influence of emotion on self-

regulation. Beyond competing theories resulting in opposite predictions, a variety of empirical 

results are just as disjointed. Furthermore, emotion may not only be something that acts as an 

external force on self-regulation, but rather if we regard self-regulation in a dual system 

perspective, emotion becomes inherently tied to it (Cappelletti, Guth, & Ploner, 2011). One great 

drawback in this literature is either a lack of specificity, or oddly enough, being too specific in 

defining these constructs. In the first case, the term emotion is often used without clarifying or 

elaborating on exactly what is meant, and as a result construct validity suffers severely. In the 

second case, a term like emotion may be stripped to a bare minimum such that all that is left is 
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negative and positive affect. While in theory this is a sound approach, in practice it is folly. As 

much as we would desire high internal validity and experimental control, participants are human 

beings, not lab instruments, which means that their psychological processes do not occur in a 

vacuum. By focusing narrowly on something like affect, researchers may essentially ignore 

"variable X", and in doing so, come to differing conclusions. What is needed then is a proper, 

well defined and inclusive framework.  

 Up to this point the terms affect, mood, and emotion have been used rather recklessly. 

Russell (2003) may provide the necessary direction and guidance. One of Russell's earlier 

contributions to this area is known as the affect grid (Russell, Weiss, & Mendelsohn, 1989). The 

affect grid is a 9×9 grid comprised of a pleasure/displeasure axis and a high/low arousal axis. 

Together, these two constructs combine to form the greater concept of emotion, or more 

accurately, core affect. Core affect is simply the basest combination of pleasure and arousal. It 

has no causal attribution, no sense of agency, and is often though not always, an unconscious 

process. "Core affect is that neurophysiological state consciously accessible as the simplest raw 

(nonreflective) feelings evident in moods and emotions. It is similar to what Thayer (1989) 

called activation, what Watson and Tellegen (1985) called affect, what Morris (1989) called 

mood, and what is commonly called a feeling. " (Russell, 2003, p.148).  

 Russell (2003) explains how basic emotional states can be explained by core affect (for 

example, the combination of high arousal and pleasure may result in elation), but more complex 

emotions require additional parameters. If we are to be angry, we are angry with or at something. 

Thus, it is easy to see how a researcher focusing solely on positive and negative affect (which are 

frequently equated simply with pleasure and displeasure respectively) will bypass important 

constituents of the cognitive experience.  
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 In addition, Laros and Steenkamp (2005) provide an easy to follow, hierarchical model of 

emotions specific to consumer behaviour. Arranged in three tiers, the superordinate level 

includes the broad categories of positive and negative affect. These are broken down further by 

identifying a handful of emotions that are ubiquitous in the literature (such as anger and joy) 

which serve as basic emotions. Within any given basic emotion fall several subordinate emotions 

(within anger there may be jealousy, irritation, frustration, etc. ).  

  By using this framework, it may be possible to reconcile the self-regulation literature by 

dispelling terms that are either too broad or to narrow. For example, much of the disparate results 

may be illuminated by simply moving from the superordinate to the basic level, especially if 

contextualized using Russell's (2003) dimensions of pleasure and arousal. Though both anger 

and sadness would require that they be high in displeasure, anger would necessitate high arousal 

whilst sadness would necessitate low arousal. Likewise, happiness and contentment would 

require high pleasure, but high and low arousal respectively. Note that Russell proposes a similar 

process, "The combination of pleasure and high arousal may qualify as elation, the combination 

of displeasure and high arousal as anxiety. " (Russell, 2003, p.150). For a breakdown of expected 

basic emotions, see Table 1 on the following page. 

 

 Table 1. Expected Emotions. The basic emotion experienced has been adopted from 

Laros and Steenkamp (2005) as a function of Russell's (2003) pleasure and arousal 

dimensions.  

 

 Pleasure Displeasure 

High Arousal Happiness Anger 

Low Arousal Contentment Sadness 
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 Rather than two dimensions of positive and negative affect, the system has been split into 

four, allowing for greater specificity. Arguably it could be reduced even further to the 

subordinate level, but this is beyond the scope of this thesis and this initial reduction shall serve 

as a useful starting point. A quick examination in the literature with this table in mind yields 

some interesting revelations.  

 First, the argument for emotion as cognitive load becomes seemingly apparent with the 

inclusion of the arousal dimension. Arousal has been found to share a relationship with attention, 

a component of self-regulation, such that high arousal (as induced through emotional imagery) 

results in attentional interference that hampers working memory (Schimmack, 2005). Arousal 

can also produce a sense of uncertainty as to whether a particular stimuli may be rewarding or 

threatening, thereby necessitating additional attention and depleting or preoccupying cognitive 

resources (Feldman Barrett et al. , 2007). Arousal is a usurper of attention; highly arousing 

stimuli are highly attended stimuli (Portas et al., 1998). This is congruent with research by Tyler 

& Burns (2007) in which they showed that relaxation, thus low arousal, was able to counter-

effect ego depletion and improve self-regulation. So far, the explanation of emotion as cognitive 

load, regardless of the valence, seems to be quite parsimonious given the influence of high 

arousal.  

 Second,there are studies which suggest the beneficial role of pleasure in self-regulation. 

In one study, researchers asked participants to compress a spring in a hand grip exerciser. 

Participants were either shown a comedic video clip, or a sad drama in order to alter their mood. 

Those exposed to the pleasing comedy video were able to compress the spring for longer than 

those in the control group, and in fact, those in the displeasing drama condition performed worse 

than controls (Tice et al., 2007). Similarly, subliminally priming with positive as opposed to 
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neutral facial expressions increased participant's ability to persist on difficult and even 

impossible tasks (Ren et al., 2010).  

 And finally, let us not forget that arousal and pleasure work in concert. Thus, if we accept 

that high arousal is attention grabbing (Portas et al., 1998), and if we accept that displeasure is 

attention focusing (Fenske & Eastwood, 2003), then a basic emotion such as anger will result in 

a highly focused, yet distracted attention. In other words, the cognitive processing may become 

highly systematic, but due to the diverting influence of arousal, the processing resources will be 

misguided. Further, a state such as anger should result in different effects than a state such as 

sadness. This is exactly what DeSteno et al. (2004) found. Relative to sadness, and neutral states, 

anger induced through autobiographical writing was able to increase reaction times on an 

evaluative priming task involving in-groups and out-groups. Essentially, anger, but not sadness 

was shown to increase prejudice. In addition, Zemack-Rugar, Bettman and Fitzsimons (2007) 

showed that subliminal primes using either guilty or sad adjectives resulted in a differential 

effect on indulgence. Conversely, the experience of an emotion like contentment will result in 

global processing, and low arousal which indicates that attention will be free to focus on the 

proper self-regulatory goals. Accordingly, Katzir et al. (2010) argue that happiness is an 

emotional state that focuses on the immediate context, which is usually when the indulgence or 

self-regulatory conflict is taking place while pride, on the other hand, has much more of a long 

term focus. The authors illustrated that priming with pride through an imaginary scenario was 

able to improve self-regulation relative to happiness.  

 Indeed, self-regulation is characterized by our ability to adhere to goals in the face of 

adversity (Hofmann et al., 2012). Much of the emotion-self-regulation controversy can be 

cleared by turning a scrutinizing eye towards goal focus. By goal focus I am describing whether 
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or not the desired goal is receiving adequate attention. For example, those that sate that negative 

affect may be beneficial to self-regulation due to an increase in systematic processing (Mitchell 

& Phillips, 2007) must qualify this effect in terms of goal focus. If an individual is completing a 

Stroop task, they must maintain the goal of naming colours while inhibiting the urge to read 

words. If negative affect is thought to narrow attention and improve concentration (Fenske & 

Eastwood, 2003), then the resulting performance on the Stroop task depends on exactly where 

this concentration takes root. If arousal is low, I would argue that attentional resources are high, 

which indicates that the proper goal of colour naming can be focused on. On the contrary, if 

arousal is high, attentional resources will be low. Following the dual system approach, when 

insufficient cognitive resources are available the mind reverts to the default, automatic option, in 

this case the improper behaviour of word reading (Greifeneder, Bless & Pham, 2010). However, 

we cannot ignore the fact that the act of self-regulating inherently involves conflict (Hofmann et 

al., 2012), and the next section outlines how ego depletion may in some respects be parsimonious 

with cognitive load.  

 

3.1 Neural Correlates of Emotion and Self-Regulation 

 In addition, it is important to remember that it it's heart self-regulation necessitates 

conflict, an inherently negative process (Hofmann et al., 2012). This sense of negative affect also 

has very specific neural correlates shown to respond to very particular stimuli. For example, the 

anterior cingulate cortex (Acc) has been shown to respond to angry stimuli, but not sad, happy, 

neutral, or disgusting stimuli (Fusar-Poli et al., 2009). The Acc is extremely noteworthy as it is a 

region thought to be responsible for error monitoring, cognitive control, and conflict 

management (Bush, Luu, & Posner, 2000). What's more, the Acc has been shown to possess 
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dissociable sub-regions. As the gateway between the amygdala and the prefrontal cortex, the Acc 

handles both affective and cognitive signals in a true dual system fashion with the dorsal 

subdivision processing cognitive information and therostral-ventral subdivision processing 

affective information (Etkin, Egner, & Kalisch, 2011). The fascinating twist is that these two 

regions share a reciprocal relationship; activation of the cognitive region can inhibit the affective 

region and vice versa (Bush, Luu, & Posner, 2000). If angry primes, and only angry primes, 

activate the affective region of the Acc then it follows that the cognitive region will be 

deactivated. As the Acc projects to the pre-frontal cortex to implement the higher executive 

functioning needed to properly self-regulate, this cognitive deactivation must certainly be 

detrimental to self-regulation (Botvinick et al., 2001; Katzir et al., 2010). When shown drug 

cues, participants with a dependence on cocaine were found to display decreased activity of both 

the Acc and the pre-frontal cortex, indicating their inherent lack of self-regulatory ability 

(Volkow et al , 2011). The kind of reciprocal relationship observed in the Acc has been 

demonstrated behaviourally as well through negative affect and attention, as negative affect is 

elicited when a stimuli is to be ignored or inhibited (Fenske & Raymond, 2006). In contrast, 

positive affective correlates are much more troublesome to pin down and may not share the same 

neural specificity as negative affect, particularly in comparison to anger: "Happiness may consist 

of a more distributed network that makes it difficult if not impossible for this emotional category 

to be selectively impaired." (Ward, 2006, p.315). Thus, it may very well be that such affective 

influences on self-regulation will be limited primarily to the experience of anger. Again, though 

it is not the intention of this thesis to fully disentangle cognitive load from ego depletion, it is 

important to consider that the two may share common ground in terms of affect. Ego depletion 

can create a sense of negative affect, and that affect may act as a cognitive load.  
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 In summary, there has been a considerable amount of research which examines the 

relationship between self-regulation and emotion (Katzir et al., 2010; Ren et al., 2010; Tice et al., 

2007; Zemack-Rugar, Bettman & Fitzsimons, 2007), however, the findings are mixed (Mitchell 

& Phillips, 2007). This may be due to broad, blanket operationalizations of emotion with vague 

terms like "positive affect" and "negative affect" without considering the fact that these notions 

contain various discrete emotions (i.e. anger, fear, and sadness are all forms of negative affect) 

(Laros & Steenkamp, 2005).  It is possible that, in terms of self-regulation, there are distinct 

differences between these discrete emotions (Katzir et al., 2010; Zemack-Rugar, Bettman, & 

Fitzsimons, 2007), and classifying emotions by their levels of pleasure and arousal (Russell, 

2003) may be beneficial.  In particular, it is argued that when examining self-regulation extra 

consideration should be given to the emotion of anger due to the conflicting nature of self-

regulation that may bring about frustration (Gal & Liu, 2011).  In addition, there is strong 

neuropsychological evidence which suggests anger is important in determining self-regulatory 

performance is it has been found to activate the anterior cingulate cortex (Fusar-Poli et al., 2009), 

a brain region integral to self-regulation (Botvinick et al., 2001).  Finally, emotional activation of 

this brain region may occur in a specific subdivision, which acts in a reciprocating manner and is 

able to shut down a separate sub-division responsible for self-regulation (Bush, Luu, & Posner, 

2000).  Therefore, a framework based on Russell (2003) and Laros and Steenkamp (2005) clearly 

positions the role of affect in self-regulation, and the next step is to consider a powerful means of 

manipulating that affect, such as olfaction. 
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Chapter 4 

Olfaction 

4.1 Neural Correlates 

 Olfaction has been dubbed as the emotional sense, and for good reason as it shares strong 

neuroanatomical ties with the emotional centres of the brain (Soudry et al., 2011 provides a 

thorough review which is outlined below in brief). In particular, the olfactory bulbs have strong 

connections with the limbic system, specifically the hippocampus and the amygdala. The 

hippocampus has been implicated in long term memory storage, while the amygdala is 

responsible for rapid emotional processing, especially fear. This combination of memory and 

emotional processing is perhaps why olfactory cues may elicit strong bouts of episodic memory, 

and it is not uncommon to be "taken back" to childhood or a time long ago when you may have 

experienced the same smell before, otherwise known as the Proustian phenomenon (Chu & 

Downes, 2000). In addition, the olfactory system appears to have close ties to the cingulate 

cortex subsiding in the cortical regions of the limbic system. As we've seen already, the cingulate 

cortex (specifically, the anterior cingulate cortex) is deeply involved in self-regulatory 

cognitions, including attention, error monitoring, and reward processing (Bush, Luu, & Posner, 

2000; Botvinick, Cohen, & Carter, 2004). Though at this point the chain is moving further from 

its source, the Acc also has projections to the prefrontal cortex where higher order executive 

functioning is thought to occur. Some researchers believe that it is this projection pathway 

(limbic system to Acc, Acc to prefrontal cortex) allows individuals to consciously elaborate on 

experienced emotion (Chebat & Michon, 2003). This pathway is of extreme importance to this 

thesis, as olfaction almost literally creates a direct neural road to the brain regions thought to be 
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responsible for self-regulation. While this evidence may open up a fertile ground for research in 

the area of self-regulation, very little work has been done on this topic.  

 

4.2 Olfaction In Consumer Behaviour Research 

A substantial body of literature exists explaining the link between olfaction and emotion, 

and though the subset of articles which study olfaction and consumer behaviour is growing, the 

findings are largely fragmented. One of the most glaring discrepancies is the large amount of 

variation in the olfactory stimuli. At the broadest level, there are some striking differences 

between studies in terms of what is considered a "pleasant" or "unpleasant" odour. For example, 

Habel et al. (2007) used the unpleasant odour of rotting yeast to induce negative affect in an 

fMRI study. In contrast, Orth and Bourrain (2005) found the odour of green peppers and 

charcoal to be negatively valenced. And while researchers frequently conduct their own pre-

testing and manipulation checks to ensure their stimuli are operating properly this happens in a 

bubble (the pretesting for one study could be very different from another). Surely the scent of 

rotting yeast and green peppers cannot be considered to be equivalent in any sense, thus 

generalizing about negatively valenced or unpleasant scents becomes difficult. In addition, scents 

can be perceived as negatively valenced simply by increasing their intensity (Di Muro & Murray, 

2012; Henion, 1971; Spangenberg, Crowley, & Henderson, 1996).  

To make the matter more complicated, researchers often employ scent cocktails, a 

mixture of two or more distinct odours. There are two problems with this approach. First, it 

makes replication extremely difficult. The diffusion of scents into an environment is a tricky 

procedure to experimentally control to begin with, but by adding multiple odours with multiple 

intensities the odds do not bode well for the researcher. Second, scent cocktails are usually 
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compounds of odours that have been shown to elicit very specific cognitive effects. For example, 

Chebat and Michon (2003) used a citrus combination containing orange, lemon, and grape while 

Teller & Dennis (2012) utilized an elaborate mixture of cardamom, ginger, orange, grapefruit, 

pimento cinnamon and "other additives". This is particularly troubling, considering that a single 

scent like cinnamon has been found to enhance working memory and attention (Zoladz & 

Raudenbush, 2005); and even though many of these studies acknowledge the association 

between lemon scents and cleaning products (Bone & Jantrania, 1992), thus refusing to use 

lemon odours, they nonetheless frequently include highly related citrus smells (Orth & Bourrain, 

2005; Teller & Dennis, 2012).  

In addition, scents are often associated with some type of context, they are not just 

pleasant and unpleasant odours. A study by Cupchick et al. (2005) used the scent of roses to 

induce positive affect while Mitchell et al. (1995) stimulated participants with the artificial scent 

of chocolate. Though both scents may have pre-tested as pleasant, chocolate has an appetitive 

dimension that is absent when considering the scent of flowers. Indeed, deeper consideration 

needs to be given to the selection of olfactory stimuli, especially in this sense.  

Finally, much of the research in consumer behaviour regarding olfaction uses somewhat 

context driven effects. For example, scents may be paired with a retail environment to elicit 

approach behaviours (Spangenberg et al., 1996), or favourability that will be gained by instilling 

scent-product congruency (Mitchell et al., 1995), or even music-odour congruency (Morrison et 

al., 2011). In these studies, the scent is often inherently tied to the stimuli, whether it be a 

particular product, or the environment. Again, it is rather unintuitive to state that a pleasant scent 

is attracting. However, if we were to incorporate the notion of self-regulation, for which there 

has been little research, we may find that it produces some interesting predictions since the 
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global nature of this resource (Baumeister & Heatherton 1996; Baumeister et al., 1998) allows a 

degree of separation between the scent and resulting behaviour. The following section describes 

several important studies upon which this thesis lays its foundations by integrating olfaction and 

self-regulation.  

 

4.3 Foundations for Current Research 

 There is very little research that examines the role of olfaction in self-regulation, and 

even less still that deals with marketing. A very brief, but interesting study by Hirsh (1995) sets 

the stage for work in this specific niche. Hirsh examined the role of ambient odours in a Las 

Vegas casino. Two odours, labelled rather mysteriously as Odorant No. 1 and Odorant No. 2 

were placed at real slot machines and the subsequent revenues were monitored. It was found that 

Odorant No. 1 resulted in revenues nearly 50% higher than Odorant No. 2. Both odours were 

reported to be positively valenced and rated similarly, however, no explanation is given as to 

why one scent would result in an increase in gambling behaviour over the other. Truthfully, this 

is about as detailed as the study gets, since there is virtually no theoretical backing and no further 

description of the stimuli. Nevertheless, it sets the phenomenon; scents may have the ability to 

influence self-regulation.  

 Rofey et al. (2007) use olfaction to examine conditions of self-regulatory failure 

(alcoholism and eating disorders), however, the research was done from more of a clinical 

standpoint. In their experiment, participants were screened for alcohol abuse as well as eating 

disorders and then presented with an olfactory cue. The cue was either a food odour, or an 

alcohol odour. Following this exposure, participants underwent a variation of the emotional 

Stroop task in which participants were not just shown colour words, but words related to their 
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particular psychopathology (for example, "whiskey", "vodka", or "wine" for those related to 

alcoholism). The NASA Task Load Index (TLX) served as the main dependent measure which 

was meant to demonstrate to what extent participants found enduring the olfactory cue or 

completing the Stroop task mentally demanding. Their results suggest that when provided cues 

that were pertinent to their condition, participants found the tasks to have a higher mental 

workload. Unfortunately, this study is populated with vague manipulations, in particular, similar 

to Hirsh (1995) the olfactory cues were not described beyond "food" and "alcohol". In addition, 

the authors failed to find support for the moderating role of self-reported craving which makes it 

difficult to conclude why the participants experienced a higher mental workload. Finally, the 

largest drawback of this study was the failure to use the latency data of the Stroop task. Stroop 

tests have been found to be a reliable and valid measure of self-regulatory performance 

(Mitchell& Phillips, 2007), yet instead the authors chose to use the NASA TLX which involved 

self-report measures pertaining to the difficulty of the task rather than utilizing the actual data. 

This makes any theoretical contribution towards overall self-regulation questionable.  

 Research by Perkins et al. (2001) focused on conditioning literature, which admittedly is 

not the primary interest of this thesis. What makes this study noteworthy, however, is its 

fascinating use of sensory blockades. The authors examined smoking behaviour, which is 

generally regarded as addicting due to the nicotine present in most cigarettes. They were able to 

show that there may be far more at work beyond mere chemical addiction, that instead there may 

be a strong habitual, conditioned influence of sensory stimulation. Participants were grouped into 

one of four conditions that varied in the amount of sensory exposure to their smoking experience. 

Some participants received a visual blockade (they were essentially blindfolded) while others 

received a taste/olfactory blockage (via noseplugs). Finally, a total blockade condition was used 
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(visual and taste/olfactory blockage) as well as a control, no blockade condition. In cases where 

olfactory blocking occurred, ad-lib smoking was decreased significantly (although in women 

only, with men showing the trend). In this same study, another experiment used a similar 

blockage procedure to evaluate food consumption. In line with their previous results, less food 

was consumed under cases of olfactory blockade.  

 This research demonstrates the strong role of olfaction in consumer behaviour, though it 

suffers from an intuitive and arguably uninteresting sense of specificity. It is obvious that people 

engage in eating for more than sheer nutritional sustenance alone, they often eat because they 

enjoy doing so. Again, it is uninteresting to state that cueing a food odour (or preventing one) 

will influence the manner in which individuals consume food. Examining this study from a 

reward circuitry perspective, rather than a conditioning one proves to be fruitful, since hedonic 

and motivational states of liking and wanting have been shown to share neural pathways that are 

distinct from those found in Pavlovian learning (Smith, Berridge, & Aldridge, 2011). Further, 

when considering hedonic or rewarding stimuli, it is important to consider what affective 

components may be involved which is in part what Di Muro and Murray (2012) focused on.  

 Di Muro and Murray (2012) examined how both arousal and affect work together to 

influence consumer choice for arousing products, and their investigation represents some of the 

best consumer research highlighting these two dimensions. In addition, conducted their research 

using olfactory stimuli to manipulate participant's levels of arousal (high and low) and affect 

(positive and negative). Not surprisingly, given the manipulations Di Muro and Murray also 

made use of the affect grid (Russell, Weiss, & Mendelsohn, 1989). They investigated the effect 

of these constructs on consumer behaviour from a mood maintenance perspective, specifically 

congruence/incongruence of arousal.  
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 It was found that consumers experiencing positive affect and high arousal would seek to 

consume highly arousing products, in this case an energy drink rather than iced tea. In other 

words, consumers who were having a good time sought to maintain their current state by 

choosing products that were congruent with their state. If a high arousal product is equated with 

a highly tempting or hedonic product, then this is consistent within a self-regulatory framework. 

On the other hand, those experiencing negative affect were found to choose arousal incongruent 

products in an effort to escape their current state. For example, if primed with negative affect and 

high arousal, consumers would choose low arousal products. This does not appear to be 

consistent with theorizing proposed in this thesis. Nevertheless the results are convincing. 

Perhaps it is premature to equate a highly arousing product with a highly tempting product which 

is why the current theory does not entirely map onto this research. Indeed, Di Muro and Murray 

state, "Arousal is a critical attribute of many hedonic products, services, and experiences. Yet 

little is known about how the arousal associated with hedonic products affects consumer 

decisions. " (Di Muro& Murray, 2012, p. 583). They also admit that the mechanism underlying 

this effect is questionable as their design was not able to completely rule out alternative 

explanations. In terms of evidence towards a self-regulatory mechanism behind the effects of 

pleasure and arousal, Wadhwa, Shiv, and Nowlis (2008) provide some interesting results.  

 Wadhwa, Shiv, and Nowlis (2008) examined the how the experience of highly hedonic 

products can essentially prime individuals for reward seeking behaviour. Alliesthesia is the 

process by which a product is seen as more liked or enjoyable the more it is desired; for example, 

food may seem to actually taste better if an individual is hungry as opposed to sated(Berridge, 

2001). These authors coin the term "reverse alliesthesia" which describes how the experience of 

a product that is highly enjoyable can in fact increase the motivation to consume that product.  
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 Through a series of four experiments they were able to show that once an individual 

consumed a product high in incentive value (otherwise known as liking, a term borrowed from 

Berridge, (2001), from whom their research is heavily based), they were more apt to consume or 

seek out similarly rewarding products. They proposed a number of hypotheses based on reverse 

alliesthesia concerned with the level of specificity of the resulting drive. They ranged from a cue-

specific hypothesis which states that cues high in incentive salience will only produce motivation 

pertaining to that particular cue (i. e. drinking Hawaiian Punch leading to drinking more 

Hawaiian Punch), to a general motivation hypothesis which posits that the cue may lead to 

motivation for any type of rewarding behaviour (i. e. drinking Hawaiian Punch leading to a 

desire for trips to a spa, or the purchase of sale items). See Figure 1 below for a model outlining 

their hypotheses.  

 

 

 Figure 1. Hypotheses for reverse alliesthesia by Wadhwa, Shiv, and Nowlis (2008, 

p.405). Of particular relevance to self-regulation is Level 3, which coincides with the 

notion of self-regulation as a pooled resource.  
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  For example, in experiment 1, they set the stage plainly by demonstrating how drinking a 

sweet beverage such as Hawaiian Punch would actually result in further reward seeking and 

consummatory behaviour such as subsequently selecting larger beverage sizes or eating more 

snacks. The next two experiments sought to solidify this phenomenon by manipulating the 

incentive value so that comparisons could be made between highly liked and less liked products, 

as well as by comparing individual differences in appetitive behaviour. Of greatest interest here 

is experiment 4, in which they used olfactory cues with either aversive or appetitive incentive 

value to test whether these stimuli would result in reward seeking behaviour. Indeed, they found 

that when participants were primed with a pleasant air freshener scent (Febreeze) versus an 

unpleasant ammonia scent participants consumed more Pepsi, despite the fact that this beverage 

is not intrinsically tied to either odour. While this paper offers many substantial contributions, it 

is not without its shortcomings.  

 To begin, the predictions are almost entirely atheoretical. As mentioned above, the work 

is based heavily off of Berridge (2001) which lays the groundwork for drives, motivation, and 

incentive salience, but little to no contribution is offered to exactly why reverse alliesthesia takes 

place. Accordingly, the paper offers no a priori predictions, and the "hypotheses" are simply a 

multitude of possible outcomes. While phenomenon driven research is by no means damning, the 

real concern involves some fine theoretical distinctions (or rather, their absence) and improper 

operationalizations.  

 Also, the authors specifically stated that their effects were not the result of mood or 

affect. In their study, the PANAS scale was used to disqualify mood as a potential explanation. 

This stands in stark contrast to the contributions of this thesis, which situates core affect as 

fundamental in this process. Even in Berridge's modified model of incentive salience, the term 
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"liking" as accompanied by "affective reactions" (2001, p.243). If an affective reaction is a 

component of liking, and presumably the cues presented to participants are highly liked, then 

there should be resulting affect. The fact that a null effect was discovered is not sufficient to 

provide proof positive; it may have been that the PANAS was simply the wrong scale to use and 

the use of such self-report scales has been criticized in mood research (Mitchell& Phillips, 2007). 

Truthfully, Berridge uses the term "liking" (in quotations) to refer to unconscious processes 

which may not map so readily onto an explicit scale like the PANAS.  

 

 Liking and wanting are unconscious. I have adopted the terms "liking"--in quotation marks--

to refer to unconscious core processes underlying conscious liking, since the core process 

isnot really liking in the usual sense. Similarly, we've used the term "wanting"in quotation 

marks to refer to the core process of desire elicited by anincentive, which may occur even 

unconsciously. (Berridge, 2001, p. 254) 

 

 In fact, there is strong evidence to show that explicit measures will not map onto implicit 

attitudes. In their study, Friese and Hoffmann (2008) showed that the level of processing 

resources moderates the predictive validity of implicit and explicit attitude measures (see Figure 

2). Specifically, when people have ample resources, explicit measures did well at predicting their 

behaviour. In contrast (and more importantly), when resources are scarce, only implicit measures 

accurately predict behaviour. Thus, when cognitive capacity was diminished by having 

participants engage in a cognitively demanding task, their explicit attitudes did not reflect their 

consumption behaviour of eating chocolates, only their implicit attitudes did.  

 Unfortunately, many of the studies that rule out the effect of mood or emotion on 

attention, working memory, or self-regulation do so by using these types of explicit measures. 
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Remember, above Rofey et al. (2007) did not find the expected moderation with regards to self-

reported craving. In contrast, Volkow et al. (2011) did not find gender differences with respect to 

self-reported craving when addicts were presented with drug cues, however, PET imagery 

revealed that there were indeed dissimilarities in brain activation. 

 

 

 Figure 2. Differences Between Implicit and Explicit Measures.  From Friese and 

Hoffmann (2008, p. 403), "Number of chocolates chosen as a function of attitude 

measure (implicit vs. explicit) and capacity manipulation (low vs. high) in Study 1 

(estimated slopes)." 
 

 Thus, it may very well be that Wadhwa, Shiv, and Nowlis (2008) were examining 

wanting and liking rather than "wanting" and "liking". Likewise, Di Muro and Murray (2012) 

may have been examining conscious rather than unconscious effects as they did find explicit 

evidence of their affective and arousal priming. To put the importance of this distinction this in 

perspective in terms of this proposal, consider the following: the smell of fresh bread to a hungry 

individual may produce both conscious wanting and unconscious "wanting", however, it is likely 

to produce conscious liking but not unconscious "liking". The negative affect experienced as the 

result of an inability to satisfy the hunger drive may make the bread "disliked" at an unconscious 
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level, even though the smell itself still has a high positive valence and is perceived as mouth 

watering and delicious. Indeed, the inability to satisfy cravings and desires often results in 

aggression or frustration (Gal & Liu, 2011). Thus, an important feature of this thesis is to 

demonstrate how a positively valenced scent can in fact produce a negative affective reaction. 

This affect (specifically, displeasure), working in concert with arousal will produce an emotional 

response that may very well impair self-regulation.  

 In summary, olfaction may provide an excellent means of manipulation emotion in order 

to impact self-regulation.  It has been dubbed  as  "the emotional sense" and has very close 

neuroanatomical ties to the limbic system and areas of the brain which are activated by emotion 

(Soudry et al., 2011).  In fact, there appears to be a "neural road" which starts with the olfactory 

bulbs, which then project to the amygdala (Soudry et al., 2011), which then projects to the 

anterior cingulate cortex (Bush, Luu, & Posner, 2000), which finally projects to the prefrontal 

cortex (Chebat & Michon, 2003).  There has been some research in the field of scent marketing 

(Cupchick et al., 2005; Mitchell et al., 1995), however, methodologies differ considerably as 

what is considered a pleasant/unpleasant scent can be unclear (i.e. comparing Habel et al.'s 

(2007) rotting yeast scent to Orth and Bourrain's (2005) green pepper scent) and the use of scent 

cocktails further complicates the matter (Chebat & Michon, 2003; Teller & Dennis, 2012).  

Beyond this, the use of olfaction to impact self-regulation is untested; and while there are several 

studies upon which support for this argument can be drawn (Di Muro and Murray, 2012; Hirsh, 

1995; Rofey et al., 2007; Wadhwa, Shiv, & Nowlis, 2008), many of them fail to directly address 

the role of self-regulation or the part of emotion. 
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Chapter 5 

An Integrative Framework 

 So far, we have discussed the nature of self-regulation and its constituents, the potential 

influence of affect on self-regulation, the use of olfactory cues in marketing, and finally, a select 

few studies which touch simultaneously on one or more of the aforementioned areas. Now it is 

time to synthesize the above research into a comprehensive theoretical framework and we will 

consider the psychological processes underlying this phenomenon. The chain starts with 

inhalation of the odour.  

 Though we are all human, and are all capable of olfaction to more or less the same extent, 

the psychological experience of an odour is a very personal and complex process (Brand & 

Millot, 2001). For example, if a person experiencing a second hand smoke odour was not a 

smoker, this may be strongly unappealing, so much so that it may cause that individual to 

completely lose their appetite. Arguably, this is what happened with Wadhwa, Shiv, and Nowlis 

(2008) when participants smelled the ammonia. The difference, then, seems to be a state of 

craving. A non-smoker would not crave cigarettes, hence this odour would have no effect on 

them. This delineates the next link in the chain, goals.  

 If an individual holds the relevant goal, the proper cue can induce conflict (Baumeister & 

Heatherton, 1996). In particular, if a goal cannot be satisfied, anger results (Gal & Liu, 2011). 

For example, if primed for indulgence and consumption of hedonic foods (activating the goal), 

then given an appetitive, positively valenced scent (a cue to enact that goal), it should follow that 

this type of anger (characterized by high arousal, low pleasure) would ensue out of conflict due 

to an inability to carry out that goal. On the contrary, if presented with the same scent without 

such a goal, no such conflict should arise.  Thus, it is important to note that the relationship 
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between a sensory cue and self-regulation is highly contingent on the goals that an individual 

possesses, for without goals there can be no conflict. Therefore: 

 

 H1: A scent by goal prime condition interaction is expected to emerge. Specifically, 

self-regulation is expected to improve in cases involving appetitive scents and health 

goal primes, yet worsen in cases involving appetitive scents and indulgence goal 

primes with no change in self-regulatory performance for non-appetitive scents.  

 

 While self-regulatory conflict may produce negative emotions (i.e. anger), when no goals 

or opposite goals are held this conflict may not emerge. In fact, it is reasonable to predict in this 

case that the exact same scent which was argued to trigger such negative emotions will in fact 

result in the experience positive emotions, namely contentment (being the polar opposite of 

anger as a combination of low arousal and high pleasure). In other words, depending on the goal 

that is held, a subject may experience "smells good, feels good" or "smells good, feels bad". It 

should be noted that these effects are also contingent on the nature of the olfactory stimulus, as 

only an appetitive scent, such as cookies, would interact with goals to produce the predicted 

effect. Formally: 

 

 H2: A scent by goal prime condition interaction is expected to occur such that. . .  

  H2A: Anger increases in cases involving appetitive scents and indulgence goal 

 primes  relative to health goal primes, with no change in anger for non-appetitive 

 scents.  
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  H2B: Contentment decreases in cases in involving appetitive scents and indulgence 

 goal primes relative to health goal primes, with no change in contentment for 

 non-appetitive scents.  

 

 Furthermore, building off of the work of Friese and Hoffmann (2008) and given 

expectation that these emotions will take hold in an implicit manner, these effects should 

manifest for implicit but not explicit measures of emotion.  

 

 H3: The experience of emotion in H2 will be observed through implicit measures of 

affect, but not explicit.  

 

 In addition, insights into the distinct structure of emotions as combinations of arousal and 

pleasure (Russell, 2003) have yielded differential predictions regarding the impact of emotion on 

self-regulation and it is proposed that emotion will mediate the relationship between goals and 

scent cues. Therefore, given H2... 

 

 H4A: The experience of emotion will mediate the relationship between a sensory cue 

and self-regulation such that anger results in detrimental self-regulatory performance 

relative to contentment.  

 

 And finally, taken together, this theory should demonstrate process evidence for a 

moderated mediation.  
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 H4B: A moderated mediation will emerge such that the effect of scent cues on self-

regulatory performance will be mediated by emotion, which will in turn be 

moderated by goals.  

 

 The proposed model can be seen below and on the following page (Figure 3& 4).  Figure 

3 displays the simplified conceptual moderated mediation model.  Figure 4 displays the same 

model, but in greater detail, outlining the different emotions experienced as a function of high 

and low arousal, and also illustrates the differing impacts on self-regulation that are expected.   

 

 
 

Figure 3. The Moderated Mediation Model. Basic emotions mediate the effect of 

scent on self-regulatory performance, however, this relationship is contingent on 

goals. As the theoretical predictions regarding happiness and sadness are unclear, the 

following model will incorporate both contentment and anger as basic emotion 

mediators.   Note that this is the same model as Figure 4, only simplified. 
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 Figure 4. Breakdown of the Moderated Mediation Model. The terms pleasure and 

arousal, making up Russell's (2003) core affect are similar to Berridge's (2001) terms 

"liking" and "wanting". The vague core affect from Russell has been specified using 

basic emotions from Laros &Steenkamp (2005) to yield unique predictions 

concerning the ultimate performance of self-regulation. This model in some ways 

parallels the one proposed by Wadhwa, Shiv, and Nowlis (2008), except where they 

listed drive specificity, I have incorporated self-regulatory ability. Thus, the effect of 

a scent on self-regulation is mediated by basic emotions, the experience of which is 

moderated by goals.  

 

 
 

Chapter 6 

Method 

6.1 Participants & Design 

 A total of 127 participants took part in the study which took the form of a 2 (Scent 

Exposure: appetitive / non-appetitive) by 2 (Goal Prime: indulgence goal / health goal) between 

subjects design. Participants were recruited from within the city of Guelph via posters as well as 

online classifieds advertisements and paid $15 as compensation. Participants were screened for 

allergies and were required to have normal or corrected to normal colour vision. The sample 

consisted primarily of non-students, however, the research was open to an undergraduate course 
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in which research participation was rewarded with credit and a small number participated in this 

manner. All testing was conducted in the Marketing and Consumer Studies Gambling Research 

Lab in Guelph.  

 

6.2 Stimuli 

 Two separate pre-tests were conducted in order to help construct the goal priming and 

scent exposure manipulations.  

 

Goal Prime Pre-Test 

 Procedures for the goal primes were adopted from van Koningsbruggen, Stroebe, and 

Aarts (2011) in which participants were exposed to real magazine covers depicting either 

tempting food or dieting imagery/text. To select magazine covers, a wide array of magazines 

were examined for face validity, resulting in a total of 16 covers for each goal prime condition 

(thus 32 covers total). Within each condition, magazines were chosen to display differing subtle 

aspects of that condition. For example, while all indulgence primes featured food, 8 of the covers 

selected contained sweet/desert images (i.e. cake), while the other 8 contained images of savoury 

or hearty food (i.e. steak). Similarly, the health primes featured 10 magazines containing either a 

fit or thin model on the cover (balanced for gender) and 6 magazines displaying healthy foods 

such as vegetables and salads (one of which contained both a healthy food and a model). See 

figures 5 through 9 for a complete list of images pre-tested.  

 A single factor within subjects design was constructed in which participants were shown 

all 16 covers (either healthy covers or indulgence covers) and asked to evaluate each one 

individually. Each magazine was presented for a duration of 10 seconds and in random order. 
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Immediately following the magazine exposure, depending on the condition participants were 

either asked three questions about the magazine's influence on their health goals (health prime 

condition) or their indulgence goals (indulgence prime condition). The questions took the form 

of a 1-7 Likert scale anchored on "Strongly Disagree" and "Strongly Agree" and included 

questions such as "The magazine cover made me think about my health" and "The magazine 

cover made me want to eat food" (see Appendix A). The three questions demonstrated 

acceptable reliability (Health α = .79, Indulgence α = .94) 

 A total of 44 participants participated in the goal prime pre-test (24 in the health 

condition, 20 in indulgence condition). Initially descriptive statistics were used to filter out poor 

candidates for the goal prime based on high/low mean ratings. The top 4 magazines were then 

entered into a repeated measures ANOVA such that pairwise comparisons could be made (4 

healthy magazines, 4 unhealthy magazines, treated through separate ANOVA's). No significant 

mean differences were detected for either goal condition suggesting that the magazines chosen 

were relatively equal in terms of their tempting / health inducing values. Ultimately, one 

magazine cover depicting a chocolate cupcake was selected as the indulgence goal prime and one 

cover depicting asparagus was selected as the health goal prime (see Figures12 & 13 for final 

primes).  

 

Scent Manipulation Pre-Test 

 The goals of the scent manipulation pre-test were three fold. The primary goal was to 

develop procedures such that the production of the scent could be maintained as consistently as 

possible (i.e. achieving a reliable intensity). Second, and related to the previous, intensity levels 

and thresholds had to be determined such that the scent was not considered overbearing or a 
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central focus of attention. Even positive scents can be perceived as negative should their 

intensity be too strong (Henion, 1971)Third, the particular scents had to be selected that would 

be capable of delivering the intended effects, a mildly pleasing appetitive and non-appetitive 

scent.  

 A variety of real and synthetic scents were considered and included: coffee, croissants, 

lavender, and cookies. For the coffee and lavender scents, synthetic scents from ScentAir were 

used in conjunction with a scent diffuser. A second synthetic lavender scent was also pre-tested 

and took the form of a Febreeze air freshener (this approach has been used in previous research, 

see Wadhwa, Shiv, and Nowlis, 2008). Ready to bake croissants and cookies were selected and 

baked in a toaster oven in the lab with a fan used to diffuse the scent. All scent manipulations 

took place prior to participants entering the lab. As stimuli selection at this point was 

exploratory, preparation/aeration procedures were varied in order to alter scent intensity. For 

example, for the croissants and cookies size and number baked were manipulated, along with 

oven temperature, duration, and the lag time between baking completion and participant 

exposure. Variation in synthetic scent intensity involved manipulating the duration of pre-

exposure (how long the scent was diffused in the lab before participants entered) as well as the 

fan speed and timing settings on the diffuser.  

 As simply asking self-report measures on various scents would not mimic the final 

experimental conditions, scents were covertly presented to participants while they performed a 

filler task (a version of the Stroop test). All tasks were computerized and administered using 

DirectRT and MediaLab software by Empirisoft. Only after this filler task were participants 

asked a variety of follow up questions about the scent exposure. A single binary response item 

was used to measure scent detection "Did you notice a scent during the experiment? ". 
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Participants who answered "yes" to this question were then asked to attempt to identify the scent 

(this was particularly important, especially in the case of synthetic scents), as well as rate it's 

pleasantness, intensity, and arousing qualities on a 7 point scale. A total of 115 participants took 

part. Ultimately it was decided that the scent of baking cookies (similar to Coelho et al. 2009) 

produced the most suitable response for the appetitive scent, while the scent of Febreeze was 

chosen for the non-appetitive scent.  

 

6.3 Procedures 

  All participants were first seated in a waiting room outside of the test area where 

they were given consent forms and verbal instructions (see Appendix B for a copy of an 

experimental script). The separation between the testing area and the waiting room ensured that 

there was no incidental exposure to the scent prior to the commencement of the experiment. 

Participants were run in groups of 5 or less. Once participants had all given consent and the 

procedures had been explained they were lead into the lab and seated in individual cubicles. Each 

cubicle contained a laptop computer on which they completed the entire experiment using Media 

Lab and DirectRT software by Empirisoft. Overall the experiment took approximately 30 

minutes to complete. The experiment was ordered as follows: scent manipulation, goal 

manipulation, Stroop task, measures of affect (IPANAT and affect grid), and demographics. 

After the experiment each participant was given a debriefing form and asked to sign a second 

consent form as the study involved deception by omission. For a graphical depiction of the study 

logic, see Figure 5 on the following page. 
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 Figure 5. Study Logic.  The experimental design consisted of two independent 

variables (scent and goal prime) which were manipulated between subjects.  

Reaction time and accuracy were recorded as dependent variables for self-regulatory 

performance, while the dependent variable affect was measured with the IPANAT 

(an implicit measure) and the affect grid (an explicit measure). 

 

Scent Manipulation 

 Two scents were selected for use as the result of pre-testing. In line with research by 

Coelho et al. (2009), baking cookies was chosen as the appetitive scent, while similar to 

Wadhwa, Shiv, and Nowlis (2008), a Febreeze air freshener was chosen to be the non-appetitive 

scent. The scent manipulation in both conditions took place prior to participant admittance to the 

experimental portion of the lab. In the appetitive scent condition, 4 chocolate chip cookies each 

pre-weighed to 40 g were baked in a toaster oven for 15 minutes at 400 °C. The timing was such 

that the baking would be completed just prior to participants being admitted to the lab. The 

toaster oven and preparation area were blocked from participants' view. The non-appetitive scent 
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manipulation consisted of a fumigation procedure at 10, 5, and 3 minutes prior to participant 

admittance. During these times approximately 4 g of Febreeze lavender air freshener were 

diffused in aerosol form. Only one scent was used in the lab per day so as not to risk accidental 

mixing of scents due to residual odours.  

 

Goal Manipulation 

 All participants underwent either a health goal or indulgence goal priming procedure. 

Similar to prior research (van Koningsbruggen, Stroebe, & Aarts, 2011). participants were asked 

to view a magazine cover for 30 seconds and to pay close attention as they would be asked 

follow up questions about it. The covers were taken directly from either a healthy eating 

magazine (health prime) or a gourmet food magazine (indulgence prime). Participants were also 

asked to rate on a 1-7 scale 3 questions about whether the magazine cover elicited 

tempting/unhealthy goals and 3 questions about enacting health goals. This helped to serve as a 

manipulation check to ensure the relevant goals were activated. See Figures 11 & 12 for 

examples of the primes used and Appendix B for a list of follow up questions.  

 After the Stroop task, participants completed a lexical decision task as an additional 

manipulation check. The procedure, adopted from Stroebe et al. (2008), involved making 

speeded decisions as to whether a string of letters represented a real word or was a nonsense 

word. The task contained food, dieting ,office supply (neutral words), and nonsense words. The 

rationale was that the health magazine would make dieting thoughts more semantically 

accessible, hence speeding reaction time for diet related words (with a similar pattern to be 

observed for indulgence primes and indulgence words). However, it was later realized that that 

this measure was problematic. It was placed after the Stroop task to ensure that the effects of the 
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magazine prime manifested for the key dependent measure. As the task can be rather lengthy, the 

prime may have been washed by the time the lexical task occurred. Furthermore, and more 

troublesome, as this task involves speeded responses it may use cognitive resources in much the 

same way as a Stroop task. Given that the proceeding task may have depleted self-regulatory 

resources (resulting in floor effects) and the fact that the experimental manipulations were 

designed to impact these resources, it is not surprising that analysis of the reaction times resulted 

in null effects. Therefore, this measure was deemed unsatisfactory, and will not be discussed in 

further sections.  

 

6.4 Dependent Measures 

 

Stroop Task Performance 

 First, participants underwent 3 blocks of a Stroop colour naming task adopted from Janes 

et al. (2010). Participants were presented with colour words in either congruent ink (i.e. "RED" 

displayed in red coloured font) or incongruent ink (i.e. "RED" displayed in green coloured font) 

and were instructed to indicate the ink colour. The following words, as well as ink colours, were 

used: red, green, blue, yellow. Four coloured stickers were placed on the keyboard to facilitate 

ease of use. Thus, if the word "RED" appeared printed in green font, the correct response would 

be to depress the green stickered key. Each colour word was preceded by a fixation cross lasting 

for 500 ms, followed by the colour word which remained on the screen until a response after 

which they received the feedback "Correct" or "Incorrect". In between each block participants 

received instructions regarding the upcoming block. Block 1 was designed as a training 

procedure with the aim of familiarizing participants with the task and the keys and consisted of 



52 
 

 

64 trials. Block 2, consisting of 32 trials, was designed as a practice phase and was identical to 

block 1 with the exception that a time restriction was imposed in order to encourage speedy 

responses. Responses taking longer than 1500 ms resulted in a message "Please try to respond 

faster". Finally, block 3 was designed as the experimental phase, was identical to block 2, and 

consisted of 128 trials. See Figure 13 for an example of a single Stroop trial.  

 

 

Figure 14. Example of a single Stroop trial. A fixation cross is presented for 500 

ms, followed by the Stroop word which stays on the screen until a response 

(though any response longer than 1500 ms prompts a warning message), then a 

second fixation cross for 500 ms, and finally, the feedback. In this case, the 

correct response would be "red".  

 

 

Affect 

 As previous research has consistently used explicit measures to measure (and often rule 

out) affect, the following study uses an implicit measure of affect, the IPANAT. As the affect 

experienced by participants may well verge on the subliminal threshold, it was decided that this 

tool may best capture their affective state. Thus, in the interest of convention as well of that of 
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exploring new ground, participants were given both an explicit measure of affect, the affect grid 

(Russell, Weiss, & Mendelsohn, 1989) and a modified version of the IPANAT (Quirin, Kazen, & 

Kuhl, 2009).  

 During the IPANAT, participants were presented with two words, an emotion word (i. e. 

Happiness) and a nonsense word (i. e. SAMFE), and asked to rate the extent to which the 

nonsense word fit with that emotion. The rating took the form of a 1-4 Likert scale anchored on 

"Doesn't fit at all" and "Fits very well". Six nonsense words taken from the IPANAT were paired 

with 6 emotion words taken from Laros and Steenkamp (2005). This yielded a total of 36 

pairings, each of which was exposed to participants once. For the affect grid, a computerized 

version was developed. Participants were shown a 9 x 9 grid with a horizontal dimension of 

pleasure and a vertical dimension of arousal and after extensive instructions, asked to plot how 

they felt as a single point on the grid (See Appendix B for the original paper and pencil version).  

 

Demographics 

 The experiment concluded with several questions regarding demographics including 

gender, age and handedness. In addition, a hypothesis guessing question was asked, as well as a 

question intended to determine whether individuals were aware of a scent in their environment.  

 Four items concerning hunger were measured, as seen in Guerrier et al. (2009). 

Participants were presented with two subjective questions, and two objective questions. 

Subjectively, participants were asked to rate on a 1-7 scale "How hungry are you at the 

moment?" anchored on "Not hungry at all" and "Very hungry" as well as "How much of your 

favourite food would you be able to eat at the moment?" anchored on "Very little" and "Very 

much". Objectively, participants were asked to indicate how many hours it had been since they 
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last ate, as well as when they expect to eat next. These were collected with the thought that they 

may serve as useful covariates should the data prove difficult to dissect.  

 Participants were also given the 10 item restrained eating scale (Polivy, Herman, & 

Howard, 1988). This scale has been used to identify chronic dieters and individuals who may 

constantly attend to their weight and the food they eat. While no formal predictions were 

generated regarding this measure, previous research has noted differences with regards to 

restrained and unrestrained eaters in terms of self-regulatory abilities (Papies, Stroebe, & Aarts, 

2008) as well as perception of tempting food stimuli (Tepper, 1992). Thus, the measure was 

included as a useful demographic tool should further exploratory investigation be warranted.  

 

Chapter 7 

Analysis 

 Data was collected from 127 participants. Of these, 1 participant was excluded due to 

computer illiteracy, and 9 were excluded due to technical difficulties during the scent 

manipulation. At one point the internal thermostat of the toaster oven being used malfunctioned 

such that the oven remain on at full temperature, regardless of its settings. This resulted in two 

experimental sessions in which the cookies for the scent manipulation became severely burnt. 

Thus, the decision was made to scrap this data. A final sample of 117 participants was used in 

the analysis (Mage=25.67, 45 male, 71 female, 1 unidentified gender).  

 

7.1 Outline of Analyses 

 The following section outlines how hypotheses were tested for the sake of clarity.  The 

overall model was expected to be captured by H4B, the moderated mediation.  In order to work 
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up to this, primary analyses were first carried out in terms of the direct and indirect effects.  H1 

essentially represents the direct effect that scents have on self-regulation, and how they are 

moderated by one's goals.  Two separate ANOVA's were run to consider both accuracy data as 

well as reaction time data on the Stroop task.  To address H2 (essentially, the effect of 

scents/goals on emotion) measures from the IPANAT were considered using two separate 

ANOVA's.  The expectation was that scores for contentment and anger would not change across 

goal conditions for the non-appetitive scent as these goals are quite independent of the scent and 

should not interact with them.  On the other hand the conflict experienced by pairing an 

indulgence goal with an appetitive scent should increase anger as well as decrease contentment 

(it's polar opposite emotion).  To test H3, the same analysis was conducted as with H2 except 

levels of arousal and pleasure from the affect grid (explicit measures) were used as dependent 

variables rather than the IPANAT scores (implicit measures).  The expectation was that the 

results found in H2 would not be present in H3, as the explicit reporting of emotion used in the 

affect grid would not capture emotion to the same extent as the IPANAT.  Finally, to test H4A 

and H4B a moderated mediation analysis was conducted using the Hayes (2012) SPSS 

PROCESS macro.  The macro outputs confidence intervals that indicate significance at the p<.05 

level if they do not contain 0 (in other words, they do not pass between positive and negative 

numbers).  For a summary of hypotheses and their relevant variables, see Table 2 on the 

following page. 

 

7.2 Cleaning Procedures 

 Similar to Janes et al. (2010) an interference index was calculated for both reaction time 

and accuracy which simply involved taking the difference between congruent and incongruent 
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trials. For example, an individual scoring 700 ms on congruent trials and 800 ms on incongruent 

trials would have an interference index of 100 ms. Likewise an accuracy of 95% on congruent 

trials and 90% on incongruent trials would result in an interference index of 5%.  

 Reaction time data underwent minimal cleaning. Responses less than 200 ms were 

removed (Whelan, 2008), as were those above 3000 ms and only correct responses were 

considered.  As a fundamental assumption of ANOVA is a normal distribution, reaction time 

data was log transformed in order to reduce variance and minimize the effect of extreme outliers 

(please note that all means listed and graphs shown are displayed in terms of original millisecond 

values in order to aid interpretation) (Whelan, 2008). It should be noted that similar results were 

achieved even when using non-log transformed data.  All responses on any Likert style items 

with latencies below 200 ms were also deleted.  

 

Table 2. Summary of Hypotheses. 

Hypotheses Relationship IV's DV(s) Task 

H1 Can scents cue conflict with 

goals to have a direct effect on 

self-regulation? 

 

 

Scent Condition 

Goal Prime 

 

Reaction Time 

Accuracy 

 

Stroop Colour Naming 

H2 (A&B) Can a scent cue conflict with 

goals to indirectly effect 

emotion? 

 

 

Scent Condition 

Goal Prime 

 

Emotion 

 

IPANAT 

H3 Does H2 hold for both implicit 

and explicit measures of 

emotion? 

 

 

Scent Condition 

Goal Prime 

 

Emotion 

 

Affect Grid 

H4 (A&B) Is the effect of scent cue on self-

regulation mediated by emotion, 

and do goals moderate this 

relationship by determining 

whether conflict is experienced? 

 

 

 

Scent Condition 

Goal Prime 

 

Reaction Time 

Accuracy 

Emotion 

 

Stroop Colour Naming 

IPANAT 
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7.3 Goal Manipulation 

 The 6 items comprising of indulgence and health questions underwent a reliability 

analysis. The 3 items highlighting health goals were reverse scored, and the subsequent analysis 

yielded acceptable reliability (Cronbach's α = 0.72). Thus, the items were combined to form an 

overall measure of indulgence goals. A two-way ANOVA was performed using goal prime and 

scent condition as between subjects factors on indulgence scores. Levene's test of equality of 

error variances was non-significant, therefore fulfilling the homogeneity of variance assumption, 

(F(3,112) = .21, ns). A main effect of goal condition was uncovered as expected (F(1,114) = 

97.07, p<. 001) which confirmed the manipulation check. Participants exposed to a gourmet food 

magazine cover reported greater indulgence goals (M = 5.51, SD = .80) than those exposed to a 

health magazine cover (M = 4.04, SD = .86). In addition, a main effect of scent emerged 

(F(1,114) = 5.93, p<. 05) such that the appetitive scent resulted in higher indulgence ratings (M = 

4.93, SD = 1.01) relative to the non-appetitive scent (M = 4.59, SD = 1.18). Finally, an 

unexpected marginal scent × goal condition interaction was found (F(1,114) = 2.94, p = .09), 

though this interaction was not explored further.  

 

7.4 Stroop Effect 

 As it was of key importance to establish that the Stroop effect was taking place 

(otherwise subsequent analyses would be moot), a repeated measures ANOVA was conducted 

independent of the scent or goal conditions. Thus, reaction time and accuracy data for all 

incongruent Stroop trials (i.e. "RED" printed in green ink) was compared to all congruent Stroop 

trials (i.e. "RED" printed in red ink). Using log transformed reaction time data, all sphericity 

violations were correct for using the Greenhouse-Geisser correction (F(1,116) = 231.59, p<.001). 
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The Stroop phenomenon was replicated, with reaction times being faster for congruent word-

colour pairs (M = 641.93 ms) relative to incongruent word-colour pairs (M = 707.34 ms) 

regardless of scent or prime condition (means displayed in milliseconds for interpretability) . A 

similar pattern was observed for accuracy rates (F(1,116) = 5.79, p<. 05). Accuracy rates were 

lower for incongruent word-colour pairs (M = 96.49%) relative to congruent word-colour pairs 

(M = 97.25%) regardless of scent or prime condition. It should be noted at this point that 

accuracy rates across both conditions were extremely high, in many cases participants achieved 

an accuracy of 100% for congruent trials, and a select few were able to do the same for even 

incongruent trials. This raises a concern that will be discussed in following sections, namely: 

accuracy-speed trade-offs.  

 

7.5 Reaction Time and Accuracy 

 Separate two-way ANOVA's were conducted on interference indices for both log 

transformed reaction time data, as well as accuracy data, using scent (appetitive vs. non-

appetitive) and goal prime (health vs. indulgence) as between subjects independent variables. 

Levene's test for reaction time data and accuracy were non-significant (F(3,113) = .68, ns, and 

F(3,113) = 2.24, ns, respectively).  

 The ANOVA on reaction time did not display a main effect for scent condition (F(1,113) 

= . 83, ns) or a scent condition × goal prime interaction (F(1,113) = .27, ns), however, it did 

reveal a main effect of goal prime (F(1,113) = 4.72, p<.05). Specifically, those who were shown 

a tempting food magazine cover displayed greater levels of interference (M = .045, SD = .030) 

relative to those who were shown a health magazine cover (M = .034, SD = .025).  
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 Analysis of the accuracy data found a similar significant main effect of goal condition 

(F(1,113) = 4.17, p<.05), again with the tempting cover creating greater accuracy interference 

(M = 1.39%, SD = 3.51%) relative to the health cover (M = 0.14%, SD = 3.22%). No main effect 

of scent was present (F(1,113) = .08, ns). Unlike the reaction time data, the accuracy measures 

yielded a significant scent condition × goal prime interaction (F(1,113) = 4.05, p<.05).  

 Analysis of the multivariate simple effects revealed a significant effect of goal prime 

within the appetitive scent condition (F(1,113) = 8.14, p<.01). Specifically, individuals who were 

exposed to a cookie scent experienced far greater interference when they held indulgence goals 

(M = 2.12%, SD = 4.09% ) compared to health goals (M = -0.38%, SD = 2.49% ). No such 

effects were found for the non-appetitive scent and it is worthy to note that the interference levels 

across conditions are nearly identical (F(1,113) = .000, ns) (see Figure 15).  

 

Figure 15. Mean accuracy interference rates for appetitive and non-appetitive scents 

when experiencing health and indulgence goals. The larger the score on the Y-axis, 

the larger the difference between accuracy scores of congruent and incongruent 

Stroop trials, thus, the worse self-regulatory ability. Note that the non-appetitive 

scent is completely unaffected by the goals while the appetitive scent shows large 

amounts of interference as well as facilitation. Simply put, participants who were 

primed with a tempting magazine cover (indulgence goal) and then exposed to a 

cookie scent had worse self-regulation, while those who were primed with a health 

magazine cover (health goal) had improved self-regulation. 
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 Due to the presence of the scent condition × goal prime interaction effect on accuracy 

found above, a follow up analysis was conducted on accuracy scores. A repeated measures 

ANOVA used the accuracy rates for congruent and incongruent Stroop trials as the within 

subject factor, with scent condition and goal prime as between subject factors. A significant 3 

way interaction emerged (F(1,113) = 4.05, p<. 05) (See Figure 15). Two additional repeated 

measures ANOVA's were completed for each scent to examine the resulting 2-way interactions 

and simple effects. Separate analysis of each scent revealed a significant 2-way interaction for 

the appetitive scent (F(1,56) = 8.03, p<. 01) but not the non-appetitive scent (F(1,57) = .00, ns).  

 Pairwise comparisons for the appetitive scent indicated that the difference between 

congruent and incongruent Stroop trials was significant only in the indulgence prime condition 

during exposure to an appetitive scent (F(1,56) = 11.16, p = .001). Furthermore, this difference is 

largely due to a marginally significant impairment of incongruent Stroop trials (F(1,56) = 2.92, p 

= .09), though there is weak trending support for facilitation of congruent Stroop trials (F(1,56) = 

1.97, p = .17). In short, when exposed to a cookie scent, incongruent Stroop trial accuracy 

dropped for participants exposed to a tempting magazine prime (M = 95.87%,SD = 4.09%) 

relative to those exposed to a health magazine prime (M = 97.36%, SD = 2.36%). Lastly, a 

significant main effect of goal prime was observed for the non-appetitive scent (F(1,57) = 7.91, 

p<.01) such that participants given the tempting magazine cover (M = 97.77%, SD = 2.38%) 

improved in accuracy relative to those who were given the health magazine cover (M = 95.56%, 

SD = 4.24%). This main effect is parsimonious with theory, as with no scent cue to interact with, 

the indulgence goal prime may simply function as a mild form of positive affect, thus improving 
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performance (see Measures of Affect below). Taken together, the accuracy data supports H1, 

though the same cannot be said for reaction time data.  

 

 

 

 

Figure 16. Mean accuracy scores for congruent and incongruent Stroop trials across 

goal prime and scent condition. Trial type served as a within subjects factor while 

goals and scent were manipulated between subjects. Note how in the appetitive scent 

condition (cookie odour) priming participants with health goals has little effect on 

their accuracy rates while indulgence goals results in impairments for incongruent 

trials and facilitation for congruent trials. Also note that as the goal and scent do not 

interact in the non-appetitive condition, a main effect emerges for the goal prime 

factor. 
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7.6 Measures of Affect 

 Before proceeding with a formal moderated mediation analysis, the affect measures were 

examined with a series of two-way ANOVA's, similar to the Stroop data, using scent condition 

and goal condition as independent variables. For the IPANAT, implicit measures of anger and 

contentment became of chief interest. Typically the IPANAT involves collapsing the 6 emotions 

into two aggregated measures of positive and negative affect. Since it was theorized that specific 

emotions would result in specific effects, this aggregation was avoided and the raw data was 

preserved. As no definitive or formal predictions were made regarding any of the other emotions 

beyond anger and contentment they will not be discussed.  

 Both implicit measures of anger and contentment yielded non-significant results for 

Levene's test (F(3,112) = .88, ns and F(3,112) = 1.83, ns respectively). All subsequent analysis 

returned non-significant, however, both measures showed a trend towards a scent × goal 

interaction (F(1,112) = .78, p=.38 for anger and F(1,112) = 1.19, p=. 28 for contentment). While 

these are two seemingly orthogonal emotions, they appear to share a similar pattern. Though the 

trend for implicit anger is in line with H2A, that the combination of an indulgence goal and 

appetitive scent would result in increased anger, the lack of statistical significance, along with 

the apparent concurrent rise of contentment (opposite of predictions made by H2B)ultimately do 

not support the hypothesis. Therefore H2 was unsupported.  

 The data from the affect grid was split along its horizontal and vertical dimensions to 

give two separate 9 point measures of arousal and pleasure. Analysis of the arousal and pleasure 

measures from the affect grid yielded very similar results. Both measures fulfilled the 

homogeneity of variance assumption (F(3,112) = .83, ns for arousal and F(3,112) = .56, ns for 

pleasure). Both measures also indicated a main effect of goal prime. For pleasure, a significant 
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main effect of goal prime condition was found (F(1,112) = 6.80, p=. 01) in which individuals 

shown the tempting magazine cover reported higher levels of pleasure (M = 6.23, SD = 1.90) 

compared to those who were shown the health magazine (M = 5.34, SD = 1.76). Thus, the earlier 

finding which goal primes had an effect on accuracy data for the non-appetitive scent condition 

appears to be supported by the notion that this prime may lead to increased positive affect.  A 

similar pattern emerged for arousal ratings, though only marginal significance was achieved 

(F(1,112) = 3.23, p = .075). Individuals shown the tempting magazine cover reported higher 

levels of arousal (M = 4.70, SD = 1.90) compared to those who were shown the health magazine 

(M = 4.10, SD = 1.66). All other scent × goal interactions and main effects of scent were non-

significant. Thus, H3 was unsupported.  

 Given the lack of effects found with the measures of emotion it was unlikely that a 

moderated mediation would occur. Nonetheless, the procedure was carried out using the Hayes 

(2012) SPSS PROCESS macro for model 7. The accuracy interference index served as the 

dependent variable, with the relationship between scent cue and accuracy interference mediated 

by implicit measures of contentment and anger, all of which was predicted to be moderated by 

goal condition. The resulting analysis uses 95% confidence intervals and the indirect effects were 

insignificant at all levels of the moderator. When given a health goal, neither anger (CI: -.0052, 

.0011) nor contentment (CI:-.0010, .0054) mediated the relationship between scent and accuracy. 

Similarly, no support was found for the claim that when given an indulgence goal, anger (CI: -

.0013, .0037) and contentment (CI:-.0069, .0013) mediate the relationship between scent and 

accuracy (H4A & H4B).  
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7.7 Exploratory Analysis: Restrained Eating 

 While no formal hypotheses were constructed regarding restrained eating, the collecting 

of this measure allowed for some interesting post-hoc analyses. Though standard convention 

would suggest against it (MacCallum et al., 2002; Irwin & McClelland, 2003), the current 

analysis adheres to prior research on the subject and dichotomizes the restrained eating score. 

Traditionally, restrained eaters are defined by an absolute value on the restrained eating scale. 

Those scoring 15 points and greater are classified as restrained eaters, while those below are 

unrestrained (Coelho et al., 2009; Fedoroff, Polivy, & Herman, 2003; Polivy & Herman, 1999). 

Note that a regression analysis was performed using the restrained eating score as a continuous 

variable and yielded very similar findings.  

 When restrained eating was considered as an additional factor with the various measures 

of affect, several changes took place. A marginally significant (p-values barely greater than .049) 

three way interaction emerged for both implicit measures of anger (F(1,108) = 3.91, p=.05) and 

implicit measures of contentment (F(1,108) = 3.93, p = . 05). In both cases, restrained eating 

group flipped the direction of affect across conditions when presented with an appetitive scent 

(see Figure 16). No such interaction was found for either arousal or pleasure ratings of the affect 

grid. Two follow up ANOVA's were conducted for each implicit emotion examining both 

restrained and unrestrained eaters separately.  

 

Anger 

 For unrestrained eaters, a marginal scent × prime interaction emerged for anger (F(1,54) 

= 3.04, p = .087). Pairwise comparisons demonstrated that when exposed to an appetitive scent 

anger levels were higher when individuals were primed with an indulgence goal (M = 2.26, SD = 
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.57) relative to a health goal (M = 1.81, SD = .46) (F(1,54) = 4.14, p< .05). Anger did not change 

when exposed to a non-appetitive scent (F(1,54) = .38, ns).  

 For the restrained group, a the scent × prime interaction was insignificant but showed a 

weak trend (F(1,54) = 1.17, p = .29). Due to the lack of a significant interaction, follow up 

analyses are not reported, however, it is worthy to note that the general pattern of multivariate 

simple effects found above for unrestrained eaters was reversed, and it was health primes, not 

indulgence primes that resulted in an increase in anger levels.  

 

Contentment 

 For unrestrained eaters, a significant scent × prime interaction emerged for contentment 

(F(1,54) = 4.58, p<.05). Pairwise comparisons demonstrated that when exposed to an appetitive 

scent contentment levels were higher when individuals were primed with an indulgence goal (M 

= 2.26, SD = .56) relative to a health goal (M = 1.99, SD = .52), though this effect was marginal 

(F(1,54) = 2.78, p = . 10). Contentment did not change when exposed to a non-appetitive scent 

(F(1,54) = 1.98, ns).  

 For restrained eaters, a the scent × prime interaction was insignificant F(1,54) = .59, ns). 

Due to the lack of a significant interaction, follow up analyses are not reported, however, it is 

worthy to note that just like the anger scores, the general pattern of simple effects found above 

for unrestrained eaters was reversed, and it was health primes, not indulgence primes that 

resulted in an increase in contentment levels 



66 
 

 

 

 
 

 

Figure 17. Measures of implicit anger from the IPANAT for both restrained and 

unrestrained eaters when experiencing appetitive and non-appetitive scents when 

primed with health and indulgence goals. Note how for unrestrained eaters, indulge 

primes coupled with an appetitive scent increases anger as expected. However, this 

trend is reversed for unrestrained eaters. 
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Summary 

 Unrestrained eaters appeared to display an increase in both anger and contentment when 

primed with indulgence goals relative to health goals. However, unrestrained eaters displayed 

increases in both anger and contentment when primed with health goals relative to indulgence 

goals. In short, unrestrained eaters undergo greater emotional experience when they have the 

goal to eat and are presented with a cookie scent, while restrained eaters have their greater 

emotional experience when they are given a health goal. Furthermore, these findings were 

limited to the cookie scent only. See Table 3 for descriptive statistics.  

 

Table 3. Means, Standard Deviations, and Cell Counts for Exploratory Analysis on 

Restrained Eating.  Note that standard deviations are listed in parentheses. 

 

 Unrestrained Eaters Restrained Eaters 

 

 Health Goal Indulge Goal Health Goal Indulge Goal 

 

 Cookie Febreeze Cookie Febreeze Cookie Febreeze Cookie Febreeze 

 

 

Anger 

1.81 

(.46) 

2.26  

(.57) 

2.19 

(.69) 

2.12  

(.44) 

2.40 

(.42) 

2.05  

(.61) 

2.04 

(.60) 

2.04  

(.54) 

 

 

Contentment 

1.99 

(.52) 

2.20  

(.32) 

2.26 

(.56) 

1.91  

(.39) 

2.27 

(.23) 

1.98  

(.52) 

1.95 

(.62) 

2.04  

(.61) 

 

 

Cell Count 

 

 

22 

 

9 

 

14 

 

13 

 

8 

 

29 

 

14 

 

16 

 

 

Chapter 8 

Discussion 

 The results of the study partially support the hypotheses. In particular, strong support was 

achieved for H1, that a scent × goal interaction would occur, however, these findings were 
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limited to accuracy data only. Individuals who were manipulated to hold indulgence goals (were 

shown the cupcake magazine cover) and exposed to an appetitive scent (the smell of baking 

cookies) displayed greater levels of interference relative to those who were manipulated to hold 

health goals (shown the asparagus magazine cover). In contrast, individuals who were exposed to 

a non-appetitive scent (lavender air freshener) did not show any differences in their interference 

levels whatsoever across goal conditions. Further analysis considering the role of congruent and 

incongruent Stroop trials strengthened this argument. A three way interaction emerged. 

Consistent with above, when given an indulgence goal and an appetitive scent, accuracy on 

incongruent Stroop trials suffered. This is to be expected, as incongruent Stroop trials are the 

source of conflict since effortful colour naming competes for our ability for word reading 

(MacLeod, 1991).  

 On the other hand, not only did congruent Stroop trials avoid these deleterious effects, 

they improved. This is highly parsimonious with the presented theory. If individuals in this 

condition are thought to have their self-regulatory resources depleted, then effortful cognitive 

tasks should be difficult, while automatic processes should be easy. As self-regulatory resources 

deplete, automatic processes begin to dominate (Greifeneder, Bless & Pham, 2010; Cappelletti, 

Guth & Ploner, 2011). As congruent Stroop trials do not require a self-regulation component 

(there is no conflict between word and ink colour as they are the same) their proper completion 

only necessitates automatic word reading (MacLeod, 1991). Thus, a facilitation effect was 

achieved.  

 The fact that the moderating effects of goals were only found for accuracy rates and not 

for reaction time is disappointing, however, this is likely the cause of a speed-accuracy trade off. 

As mentioned earlier, mean accuracy rates for both congruent and incongruent Stroop trials were 
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extremely high. Even with 128 trials, 16.2% of participants answered all of their incongruent 

trials correctly, and 46.2% answered their congruent trials correctly. To determine the presence 

of a speed-accuracy trade off, a bivariate correlation was conducted using reaction time and 

accuracy for both congruent and incongruent Stroop trials. While a significant Pearson 

correlation was found between accuracy and reaction time for congruent trials, (r = .27, n = 117, 

p<.01) no such relationship was observed for incongruent trials (r = .132, n = 117, ns).  We 

would assume that as reaction time increases, so should accuracy, but this lack of relationship for 

incongruent trials does not support this assumption. 

 By and large, the hypotheses concerning emotion as a mediator were not supported 

(H4A) and the moderated mediation (H4B) analysis returned non-significant. However, some 

interesting unexpected effects were found. One of the puzzling findings was the simultaneous 

increases found with both anger and contentment when participants experienced indulgence 

primes. It should be made clear, however, that all results regarding the analysis of the implicit 

measures of affect returned non-significant, so the following comments speak to addressing 

trends and exploratory analyses only. The current thesis predicted that anger should rise when 

given an appetitive scent and the relevant goal. This is rather intuitive. The appetitive scent cues 

the motivation to carry out the appetitive goal. If the goal cannot be satisfied, frustration and 

anger ensue (Gal & Liu, 2011). What is troublesome is that though this appears to be occurring 

for implicit levels of anger, other positively valenced emotions such as contentment also appear 

to be on the rise. Such emotions are often treated as exclusive and bi-polar and a mix of such 

"opposites" has been seen as incompatible (Russell & Caroll, 1999). In particular, the circumplex 

model (Barrett & Russell, 1999; Russel & Caroll, 1999) holds that emotion consists of two 
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orthogonal dimensions of valence and activation. This is nearly identical to the affect grid, which 

characterizes core affect as a combination of pleasure and arousal (Russell, 2003).  

 The evidence from the affect grid in this case does show elevated levels of pleasure and 

arousal, suggesting the experience of happiness, in conditions in which anger was expected.  

This may also in part explain why a main effect of goal prime on Stroop accuracy was observed 

in the non-appetitive condition.  With no goal to cause conflict with the scent, the indulgence 

magazine cover may have increased positive affect (as seen with the affect grid), which explains 

a facilitation of self-regulation. However, it was also expected that explicit measures like the 

affect grid may not map onto implicit processes and that there would be a discrepancy between 

implicit and explicit measures of affect. Given that the results from the IPANAT trend towards 

the co-experience of two opposite emotions, an obvious answer is to simply dismiss these results 

based on their non-significant an read no more into their interpretation. However, if we are to 

concede that these are genuine trends and not just spurious findings, how are we to make sense 

of them? Surely it sounds contradictory to say that someone is at once angry and content. In 

actuality, this may be the case.  

 Research on the co-occurrence of emotion has shown that we are capable of experiencing 

multiple, sometimes conflicting emotions. In particular, the evaluative space model (Cacioppo & 

Berntson, 1994) suggests that emotional experience may occur in a bivariate rather than bipolar 

manner. "Though positivity and negativity may often be characterized by reciprocal activation, 

they may also be characterized by uncoupled activation, coactivation, or coinhibition. Uncoupled 

activation occurs when changes in one system are not accompanied by changes in the other. 

Coactivation and coinhibition occur when changes in one system are associated with parallel or 
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opposite changes in the other system respectively. " (Larson, McGraw, & Cacioppo, 2001, p. 

686). In this case, it may be that anger and contentment are simply displaying coactivation.  

 There is also strong neurological evidence that demonstrates positive and negative affect 

as separable. Negative affective processing is strongly centralized and associated with the 

amygdala and the anterior cingulate cortex (Fusar-Poli et al., 2009; Habel et al., 2005), while 

processing of positive affect involves a more widespread network (Ward, 2006) and is thought to 

involve the dorsolateral prefrontal cortex and cerebellum (Habel et al., 2005) as well as the 

ventral tegmental area and the nucleus accumbens (Hoebel, Rada, Mark, & Pothos, 1999). The 

fact that different brain structures are activated depending on the type of affect suggests that two 

structures may activate simultaneously.  

 Over three studies, Larson, McGraw and Cacioppo (2001) found evidence for the co-

occurrence of "bipolar" emotions. In study 1, using a pre-post design, they found that self-report 

ratings of emotion resulted in over a 30% increase in individuals experiencing both sadness and 

happiness after watching the film Life is Beautiful (a comedic, but also tragic movie). Studies 2 

and 3 examined subjects during emotional life events such as graduation, or moving. In addition 

to supporting study 1, studies 2 and 3 demonstrated that participants held the subjective belief 

that they were experiencing opposite or torn emotions (i.e. "bittersweet").  

 Furthermore, the use of conflicting emotions has occurred in a consumption context. 

Williams and Aaker (2002) demonstrated that the experience of mixed emotions can have an 

impact on ad favourability. In their paper, the researchers conducted three studies with the aim of 

showing how experiencing mixed emotions can produce feelings of conflict. Mixed emotions, 

particularly incompatible ones, may produce strong feelings of cognitive dissonance (Festinger,  
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1957). However, the authors argued that this dissonance would vary by the extent to which an 

individual is comfortable with duality. First, it is important to note that Williams and Aaker 

found that by contrasting ads with happy, sad, and mixed emotional appeals, mixed ads resulted 

in significant increases in ambivalence. Second, they were able to operationalize differences in 

duality through culture (studies 1 and 2) and age (study 3). Their research suggests that the 

amount of conflict experienced mediates the relationship between the different emotional appeals 

and ad favourability, however, this only occurs for those who are uncomfortable with duality. 

 This notion of mixed emotion and the experience of conflict is of particular relevance to 

the current research. Given that one of the theoretical predictions involved a sense of positive 

affect transforming into negative (i. e. smells good but feels bad), it may have been the case that 

the flip simply did not occur all the way as predicted. Perhaps if the goal had been more salient, 

or the scent stronger, this would have better increased levels of anger while diminishing levels of 

contentment. Or, it is possible that the pattern of dual emotional activation should be completely 

expected. After all, self-regulation is predicated on conflict. The fact that conflicting emotions 

are found to occur could be argued as a beneficial (though unexpected) finding.  

 

Restrained Eating 

 The restrained eating scale was included in the design as a type of demographic variable. 

No formal a priori predictions were made regarding this measure, however, previous research 

has shown how specific sensory effects can be found to occur exclusively or more strongly with 

restrained eaters. For example, restrained eaters are known to salivate more in the presence of 

tempting food (Tepper, 1992) and have been shown to show slowed reaction times and impaired 

recall (Green, Rogers, Elliman, & Gatenby, 1994) as well as attentional biases to food stimuli 
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(Papies, Stroebe, & Aarts, 2008). It has been suggested that restrained eaters may suffer from 

these deficits either due to a lack nutrition necessary for cognitive performance or because of a 

chronic experience of stress and anxiety as the result of attempting to maintain their diet (Green, 

Rogers, Elliman, & Gatenby, 1994). Ward and Mann (2000) assert that stress does not mediate 

the relationship between restrained eating and overconsumption, and found that manipulating 

cognitive load in a valence free manner was sufficient to cause indulgence of food by restrained 

but not unrestrained eaters. It was argued that attentional narrowing due to the cognitive load 

caused restrained eaters to lose focus of their sense of self and their ability to self-monitor their 

food intake.  

 In the current research, there were strong indicators that levels of eating restraint shared a 

relationship with the experience of emotion. Above it was argued that in cases of temptation co-

occurrence of both positive and negative emotions is a reasonable expectation. Thus, in tempting 

situations levels of anger as well as contentment appear to increase. While this pattern still holds 

for unrestrained eaters (those who are not dieting and are not particularly concerned with their 

weight goals and food intake), the data suggests that an emotional "flip" occurs for restrained 

eaters. Instead of temptation triggering heightened emotional experiences, restrained eaters 

experienced greater levels of anger and contentment under the health prime condition. Why 

would this occur? Why would a manipulation that is specifically designed to encourage thoughts 

about health and weight loss result in a response that is as if a temptation manipulation took 

place? There are at least one possible explanation.  

 There is a well known phenomenon in the self-regulation literature that concerns a 

heightened awareness of avoidance. In this classic task participants are asked to avoid thinking 

of a white bear (Wegner et al., 1987). Of course, despite the explicit instructions, it can be 
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difficult to block this from one's mind. In fact, as the instructions are inherently tied to the 

concept of a white bear, activation of the goal to avoid thoughts about the white bear simply 

provoke them. Hence, the exercise is counterproductive, and this task has been used in the self-

regulation literature as a means of depleting resources. In much the same way, this may have 

occurred for restrained eaters when exposed to the health prime. Ward and Man (2000) describe 

this as a paradoxical type of "boomerang" effect. For example, researchers have found that 

individuals who possess weight related concerns are more able to quickly identify dieting related 

words in a lexical decision task when they are primed with food and indulgence concepts 

(Fishbach, Friedman, & Kruglanski, 2003). Interestingly, when priming current dieters to either 

experience impulsivity or inhibition, inhibition primes (what we would normally think of as 

curbing eating behaviour and overconsumption) actually provoked them to consume greater 

amounts of food (Guerrieri et al., 2009). Considering the current research, at may simply be that, 

as restrained eaters are constantly thinking about dieting (Papies, Stroebe, & Aarts, 2008) the 

reminder to do so served as an annoyance, thus increasing anger levels. In any case, this presents 

itself as a fascinating avenue for future research. It must also be noted that while the 3-way 

interaction between scent, goal condition, and restrained eating on implicit measures of affect 

was statistically strong, the eventual break down into simple effects failed to statistically 

demonstrate a reversed pattern for restrained eaters. Still, the data contains some very convincing 

trends, and all is speculation based on those trends.  

 

8.1 Limitations 

 It could be argued that this thesis suffers from a mono-method, that is, it is comprised of 

a single study that aims to display a phenomenon from one particular viewpoint. Multiple studies 
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on the topic would surely help to speak to the robustness and reliability of the underlying theory, 

as well as avoid any kind of mono-operationalization bias. This problem became evident as it 

appears that the key dependent variable experienced a speed-accuracy trade off (see above). 

While it is undeniable that only one study has been carried out, the goal of this study was to 

examine the proposed theory in such a manner as to transcend context. This is precisely the 

reason that such an abstract measure of self-regulatory performance was chosen. Although there 

are a number of behavioural dependent variables that may have been more directly applicable to 

a marketing atmosphere, this thesis instead has focused on achieving a high level of internal 

validity in order to lock down the theory at work. Stroop interference encompasses one of the 

most basic assumptions of self-regulation, namely, that competing desires (immediate, automatic 

tendencies versus long term, controlled goals) create conflict, and conflict resolution requires 

resources.  

 That being said, there exist a number of possibilities for future research which may 

strengthen and add credibility to this thesis. First, as has already been mentioned, a behaviourally 

based dependent variable would speak to the ability of the phenomenon to occur outside of the 

purely cognitive domain. For example, could the combination of scent cues along with proper 

goal facilitation influence other behaviours requiring self-regulatory resources such as gambling? 

Indeed, it would be fascinating to directly link how the scent of baked goods can increase 

gambling rates, even though at a cursory glance the two have little in common. Though I argue 

that the current thesis does display this same cross domain effect (after all, the Stroop effect has 

as little in common with the scent of baked goods as does gambling), the connection, or rather, 

lack of connection, is much clearer in this example.  
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 Of course, there are other behavioural measures that would be of great interest to 

marketers to study, though they may not be particularly conducive given the current study 

design. For example, food consumption would be a domains in which we might expect self-

regulation failure to occur, thus it is aptly poised to act as a dependent measure. However, it is 

tremendously uninsightful, and problematic, to claim that the scent of cookies cues eating 

behaviour. This obviousness can be remedied though, as the current theory merely necessitates 

scents that may induce temptation. More often than not when we conceive of tempting scents 

they take the form of food, however, it would be possible to use the scent of a temping beverage, 

coffee for example. Could the scent of coffee produce increased consumption of unrelated food? 

To strengthen this further, it is possible to further remove the scent such that it is not centered 

around ingestion at all. Could the scent of cigarettes result greater consumption of a tempting 

food such as chocolate cake? These examples, while prevalent at the beginning of this thesis, are 

merely predictions that stem from the overarching theory that has been argued for thus far.  

 It should also be noted that the sample size for this study was low, leading to a number of 

marginal and underpowered effects. Though a reasonable sample was collected, due to a number 

of technical difficulties involving the scent manipulation, the final sample size was reduced 

substantially. In particular, during exploratory analysis using the restrained eating variable, some 

cell counts became very low. Given that the effect sizes for this study were anticipated to be very 

small, greater numbers would have no doubt aided in the detection of otherwise very subtle 

effects. On the other hand, it is worthy to note that this study used a non-student sample. Though 

generalizability of the findings may suffer when using a student sample, researchers are often 

comfortable using them due to their high degree of homogeneity. In this sense, the deck may 
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have been stacked against this study, and with so much variability and noise in the sample 

detecting any effects may have been more challenging.  

 Another criticism towards this study would be that the independent variables are not 

conceptually distinct. They both seem to involve a notion of appetite, as well as contain aspects 

that can elicit positive affect. In particular, the indulgence prime and the appetitive scent could 

be argued to be quite similar. The analysis of the indulgence goal scores revealed a main effect 

of goal prime as expected, but also a significant effect of scent condition, and a marginally 

significant interaction.  Thus, individuals who were exposed to a cookie scent scored higher on 

their indulgence questionnaire.  While this effect is not nearly as strong as the goal priming, the 

main effect of scent condition is somewhat intuitive, smelling appetizing food could potentially 

cue the goal to indulge. 

 To be clear, the priming procedure was created with the intent of manifesting the 

appropriate goal, whether it be health or indulgence. Perhaps it may be most accurate to say that 

the primes activate the goal, whereas the scents provide the motivation necessary for goal 

enactment. This would be the difference between the two statements "I am hungry" versus "I am 

going to eat that". It may even be acceptable to contrast the scents and goals in a classic self-

regulation duality, where the goals represent long term desires, while the scent manipulation 

represents short term temptation. This conception is highly parsimonious with self-regulation and 

the notion of conflict. For future research, this may prove to be an interesting area to examine: 

goal activation versus motivation.  

 Beyond the arguments that have been put forth here, there is strong empirical support for 

the distinction of these two variables. Namely, the pattern of scent by condition interactions that 
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have been detected suggest that these variables are not identical (if they were, they would vary in 

a synchronistic manner).  

 Finally, the lack of significance for the measures of emotion, in particular the IPANAT, 

is one of the chief drawbacks of this thesis. It quite possible that the lack of support for the 

mediating role of emotion simply arose out of order effects.  The Stroop task occurred before any 

measures of affect, and as it was the primary dependent variable in this study it was deemed 

appropriate to position it directly after the goal manipulation (see Figure 5).  Given that 

emotional states can be transitory in nature (Ekman, 1999), it is possible that any contentment 

experienced as a result of a positive cookie scent, or any anger expressed due to conflicting goals 

was simply washed away over time.  Conversely, it may not have been exactly that the emotion 

diminished over time, but that participants habituated to the ambient scent which then ceased to 

have an effect. Though some alternate explanations have been proposed above as to why the 

effects of emotion were not observed (i. e. co-occurrence of emotion, interaction with the third 

variable, restrained eating), without the telling measures of affect pointing in the right direction, 

it becomes unclear whether the goal × scent interactions that were detected were the result of ego 

depletion (and conflict), or mere cognitive load. However, it was noted earlier that it may be 

quite possible to adopt an ego depletion model within a greater framework of cognitive load 

(much the same way that self-regulation is classified under a dual system approach). This would 

be an incredibly fruitful area for future research, as only a handful of scholars have sought to 

empirically test the distinction (Vosgerau et al., 2008).  

 

 

 



79 
 

 

8.2 Contributions 

 

Managerial 

 While this thesis has been geared primarily towards academic and theoretical 

advancement, it should be noted at least in brief that it also carries numerous substantive 

contributions. First, given the ability for a scent cue to impact self-regulation in global sense, 

cross domain effects may occur. If policy makers see fit to restrict and regulate advertisements 

for cigarettes, it is worthy to note that the same scent marketing practices that are currently being 

used to entice consumers to buy more groceries or fast food may also spill over into unintended 

domains. This spill over effect does not necessarily have to be tied to olfactory stimuli either. 

Advertisements for alcohol for example may increase the likelihood of smoking. Again, this is 

not simply due to semantic association of sin cues, but due to a shared pool of self-regulatory 

resources. In truth, though the theoretical assumptions remain the same, this would make an 

excellent avenue for future research from a substantive angle.  

 Second, marketers may find the practices of scent marketing discussed in this thesis to be 

of great value. It has been suggested anecdotally that scent marketing is occurring in the 

marketplace with very little understanding as to why (Bradford & Desrochers, 2009); and while 

managers may find themselves more concerned with "how" than "why", a grasp of the 

underlying theory allows for better implementation of these methods.   For example, given that 

ambient sounds have been shown to alter time perception of those playing on slot machines 

(Noseworthy & Finlay, 2009), ambient odours may be able to alter gambling behaviour as well.  

This is especially problematic from an ethical standpoint, as scent marketing is a relatively 

unregulated domain, and scents themselves can often be presented in a rather covert fashion 
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(Bradford & Desrochers, 2009).  Unlike a visual advertisement which may require focused 

attention, one's sense of smell cannot exactly be turned off (Bradford & Desrochers, 2009).   

Furthermore, some evidence suggests that the effect of ambient odours on influencing attitudes is 

most potent when the odour is subliminal, that is, below a noticeable threshold (Li et al., 2007).  

In this thesis the odours were presented in just this fashion, and cognitive effects manifested even 

though participants remained unaware of the source or cause. 

 

Academic 

 This thesis offers a number of theoretical contributions. While one of the goals was to 

consolidate and settle the literature regarding the effects of emotion on self-regulation, the fact 

that this didn't happen may have in truth opened many more doors for future research. In 

particular, the finding that seemingly exclusive emotions (such as anger and contentment) can 

co-occur, while not ground breaking, is an interesting nonetheless. The real value in this comes 

in the comparison of the IPANAT data to the affect grid data. On the one hand we have an 

implicit measure of affect, and the other, a blatant self-report measure. Studies on self-regulation 

far too often use the later type, and do so in a manner that is meant to rule out the role of emotion 

(Wadhwa, Shiv, & Nowlis, 2008; Di Muro & Murray, 2012) while such a measure may simply 

not be sufficient to capture that emotion. This is made even more evident by the post-hoc 

inclusion of restrained eating in this thesis. Vast differences were observed between the IPANAT 

and the affect grid, and the use of either one soon becomes an argument over validity.  

 Furthermore, regardless of the fact that one measure is implicit and the other explicit, it 

becomes extremely important to note the capabilities of these measures in capturing emotional 

experience. Though Russell (2003) admits that emotional experience is far more complex than a 



81 
 

 

simple combination of affect and arousal, the notion of core affect pre-supposes a binary view of 

emotional experience. Using a measure such as the affect grid forces emotional exclusivity and 

makes the simultaneous experience of opposite emotions like anger and contentment impossible. 

Of course, within its own paradigm this may be acceptable, but empirical evidence strongly 

suggests support for mixed emotional experiences (Cacioppo & Berntson, 1994; Larson, 

McGraw, & Cacioppo, 2001); and while any of these discrete emotions may perhaps be 

classified with something like the circumplex model (Barrett & Russell, 1999; Russel & Caroll, 

1999) or as a type of core affect (Russell, 2003), the mixed experience of these emotions is not 

captured. On the other hand, a measure such as the IPANAT, although it may be able to capture 

such co-occurrences of emotion, it does so at the expense of ignoring distinctions between 

pleasure and arousal. Indeed, the PANAS can be criticized for its confounding of valence and 

arousal. In short, one measure theoretically defines distinct constituents of emotion without 

capturing higher order experiences of them, while the other captures these experiences, but lacks 

the ability to measure the distinct constituents of the multiple emotions experienced.  

 Although one could argue that it is common sense to state that one measure may be better 

than another at capturing a particular dimension, highlighting this problem is of particular 

importance to self-regulation literature. It is often the case that this type of research is concerned 

with tempting or highly hedonic stimuli (associated with positive emotional experience) that 

must be controlled or stifled (associated with negative emotional experience). Thus, it is not 

inconceivable for studies on self-regulation to be populated with mixed emotional experience. 

Simply put, conflicting goals may breed conflicting emotions, and using measures that are 

incapable of detecting these conflicting emotions may be recording only a part of the overall 

story. Studies that use scales such as the PANAS or affect grid to rule out affect often do so on 
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the basis of null findings. If self-regulatory conflict is occurring then presumably that individual 

has an immediate short term goal that they would like to satisfy (which induces positive affect) 

in addition to a long term goal that they are attempting to adhere to (which induces negative 

affect). If both types of affect are experienced, then it is not surprising that the difference 

between the two leads to a null effect.  Further, it is possible that this notion of conflict may 

expand beyond cases of conflicting goals and may apply to other areas of conflict in general.  It 

was already suggested that conflicting emotion may influence attitudes and perceptions of 

favourability due to cognitive dissonance (Williams & Aaker, 2002), and prior research has 

found that experiencing conflict in terms of category classification or prototypicality can lead to 

cognitive management strategies aimed at reducing such conflict (Noseworthy & Goode, 2011).  

As conflict management forms the heart of self-regulation (Hoffmann et al., 2012), it is 

conceivable that self-regulation may branch out to much broader territories which discuss 

conflict management in general rather than being limited to conflict management of specific 

goals.  For example, could the act of trying to reconcile products containing incongruent or 

conflicting attributes, such as vitamin-fortified vodka (Jhang, Grant, & Campbell, 2012), drain 

self-regulatory resources?   

 Finally, and perhaps most importantly, this study does demonstrate a cross domain effect 

whereby an olfactory cue can impact an entirely unrelated behaviour. While this effect may not 

have been as glamorous or as catchy as showing how the scent of cigarettes can cue something 

like overeating, the overarching theory that has been demonstrated transcends this context (a 

cognitive approach was chosen over a behavioural approach, leading overall to a theoretical 

rather than a substantive contribution). If these effects can be demonstrated with an abstract, 

cognitive measure like Stroop colour naming, then in principle this should apply to a wide array 
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of situations. Further, basing these findings foundations of self-regulatory theory may allow for 

generalizations across the entire category of sin cues, and more even more broadly still, 

temptation.  

 

Chapter 9 

Concluding Remarks 

 Can the scent of food make you gamble more? The current thesis suggests this is 

possible, and what's more, it has presented a testable theoretical framework. The results show 

that if given the appropriate goal, an olfactory cue can interact with that goal to produce a sense 

of conflict. This in turn becomes detrimental to self-regulation. By showing olfaction in a self-

regulatory light, cross cueing effects were shown that demonstrate how a rather distinct odour 

can result in a completely unrelated behaviour due to depletion of shared cognitive resources. 

The findings from a lab study high in internal validity work to confirm the underlying theory. 

Next, these results need only be applied more directly to the marketing context. Future research 

will utilize these findings to help display the phenomenon in a behavioural rather than a purely 

cognitive manner.  

 The proposed mechanism behind these effects, emotion, remains to be statistically 

validated. There remains strong theoretical support for the link between olfaction, emotion, and 

self-regulation, and while noteworthy trends were observed and insightful exploratory post-hoc 

analyses conducted, overall the role of discrete emotions cannot be validated. Past research has 

long argued the impact that positive and negative emotions hold on our self-regulatory abilities, 

and it appears that a consolidation has not yet been reached.   
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Appendix A 

 

 

 

 

Figure 6. Health primes involving male figures.  
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Figure 7. Health primes involving female figures.  
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Figure 8. Health primes featuring nutritious food.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Health primes involving a combination of female figure and nutritious food.  
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Figure 10. Savoury indulgence food primes.  
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Figure 11. Sweet indulgence food primes.  
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Figure 12. Magazine cover used to prime indulgence goals.  
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Figure 13. Magazine cover used to prime health goals.  
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Appendix B 

Experimental Script 

 

You're all here for the research study? Ok, so I'm just going to pass out these consent forms, and 

if you could read them over and sign on the back that would be great. If you have any questions 

at all please don't hesitate to ask before you sign, and if you'd like a copy of the form for yourself 

I can get you one. I'm just going to pop back into the lab for two minutes, I'll be right back.  

 

All finished? Perfect. So I'd just like to explain the procedure a little bit. In a moment I'm going 

to bring you into the lab and seat you at a computer. All of the tasks you complete will be on that 

computer and all of the instructions will be presented to you. Now, it's all fairly self-explanatory, 

however, should you have any questions at any point, please just raise your hand and I'll try to 

help you as best as I can. You'll be using the mouse, spacebar, and four coloured stickered keys 

on the keyboard. There is a red, a green, a blue, and a yellow sticker. Again, don't worry about it 

too much as the program will be specifying exactly how you'll be using those keys. We ask that 

you turn off all cell phones and mp3 players, just so that there are no distractions. When you 

enter the lab we'd ask that you just treat it like a test; no talking unless you have questions for 

me, and if you do need to ask something please just keep your voice low so you don't distract 

anyone else. When you're finished the experiment you'll see a sign that pops up, thanking you for 

your participation and it tells you to raise your hand and let the researcher know that you're 

finished. At that point, that's all I'd like you to do, just raise your hand and let me know that 

you're finished and I'll come by and help shut down the program and debrief you. Do you have 

any questions for me before beginning? Alright, come on in.  



99 
 

 

 

Goal Prime Manipulation Check Questions 

 

Health Questions (Reverse Scored) 

 The magazine cover made me want to diet.  

 The magazine cover made me think about my health.  

 The magazine cover made me feel like I should avoid high calorie foods.  

 

Indulgence Questions 

 I found the magazine cover appetizing.  

 I found the magazine cover tempting.  

 The magazine cover made me want to eat food.  
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Affect Grid 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

You use the Affect Grid to describe your current feelings. It is like a map for feelings.  

2. The right side of the grid represents 
pleasant feelings: the further to the right, 
the more pleasant. The left half represents 
unpleasant feelings: the further to the left, 
the more unpleasant. 

1. The centre of the square (marked by X) 
represents a neutral, average, everyday 
feeling. It is neither positive nor negative: 

3. The vertical dimension of the map 
represents the degree of arousal. 
Arousal has to do with how wide awake 
or alert a person feels, independent of 
whether the feeling is positive or 
negative. The top half is for feelings 
above average in arousal, the lower 
half for feelings below average. The 
very bottom represents sleep; the 
further up you go, the more awake. At 
the very top is maximum arousal, like 
frantic excitement. 

4. Other areas of the grid can be labeled as 
combinations of high/low arousal and 
pleasant/unpleasant feelings. Up and to the 
right are feelings of ecstasy, excitement, joy. 
Opposite these (down and to the left) are 
feelings of depression, melancholy, sadness. Up 
and to the left are feelings of stress and tension. 
Opposite these (down and to the right) are 
feelings of calm, relaxation, serenity. 

Continue to the next page… 
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… continued from previous page 

 

5. Feelings are complex. They come in all shades and degrees. The labels we have 
given are merely landmarks to help you understand the Affect Grid. When 
indicating your current feeling in the grid below, put an X anywhere in the grid to 
indicate the exact shade and intensity of feeling. Please look over the entire grid to 
get a feel for the meaning of the various areas. 

 

Please rate how you feel right now: 

Pleasant 
Feelings 

Unpleasant 
Feelings 

Sleepiness 

Stress 

Relaxation 

Excitement High Arousal 

Depression 



102 
 

 

Restraint Scale Items 

 

1). How often are you dieting?    

2). In a typical week, how much does your weight fluctuate?   

3). Would a weight fluctuation of five pounds affect the way you live your life?   

4). What is your maximum weight gain within a week?   

5). What is the maximum amount of weight (in pounds) that you have ever lost within one month?   

6). Do you eat sensibly in front of others and splurge alone?   

7). Do you give too much time and thought to food?   

8). Do you have feelings of guilt after overeating?   

9). How conscious are you of what you’re eating?   

10). How many pounds over your desired weight were you at your maximum weight?   

 

 

  


