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“Odours have a power of persuasion stronger than that of words, appearances, emotions, or 

will. The persuasive power of an odour cannot be fended off, it enters into us like breath into 

our lungs, it fills us up, imbues us totally. There is no remedy for it.” 
Patrick Süskind(1985), Perfume: The Story of a Murderer, p.34    
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ABSTRACT 

Many studies in the field of consumer behaviour have highlighted the paramount role 

of emotions in determining our behaviour. In fact, much of our behaviour is driven by 

emotional responses to the environment. In order to better understand consumer behaviour, it 

is therefore crucial to investigate what emotions are, how they can be measured and elicited, 

and how they can directly influence behaviour. Emotions can be elicited by stimuli in 

different sensory modalities. However, previous psychological and neurophysiological studies 

have almost exclusively used visual affective stimuli to elicit emotions, while other sensory 

modalities received less attention. The present thesis, instead, focuses primarily on olfactory 

stimuli as unconscious emotional triggers. Olfaction has been studied for its direct connection 

to, and influence on, human emotions and cognitive processes, but crossmodal 

correspondences and interactions between smell and other senses have been barely 

investigated. 

This thesis specifically addresses the theoretical issues of how emotions can be 

defined and measured, particularly how emotions can be trigged by olfactory cues, and how 

those olfactory cues influence consumers’ willingness to consume. In relation to real store 

environments, another question addressed by the present work is how affectively (in-

)congruent stimuli from different sensory modalities (i.e., visual, olfactory, and auditory) 

influence the emotional response and how smell perception can be influenced by crossmodal 

correspondences between the other senses. In three studies, implicit and self-report 

assessments of emotions, self-report behavioural questionnaires, implicit association tasks, 

and physiological measures (i.e., heart rate and skin conductance responses) were used to 

shed light on those issues.   
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The first study assessed how product-congruent smells (i.e., coffee and chocolate 

smells) stimulate willingness to consume. The results showed that product-related smells 

engaged the intention to consume through their effect on positive emotions and by facilitating 

the accessibility of product’s information. The second study investigated the combined effects 

of arousing olfactory and auditory environmental stimuli (i.e., smell and music) on the 

processing of affective pictures. The results of this study revealed that arousal congruence 

differently affected self-reports versus physiological measures. The effect of co-occurring 

arousing stimulation across the auditory and olfactory modalities markedly enhanced the 

emotional experience evoked by affective pictures. In the third study crossmodal interactions 

between smell and different sensory modalities were investigated by means of an association 

task. The results suggested that common smells can be classified and identified using other 

sensory stimuli (e.g., pitch sound, colours), cross-modal associations (e.g., rounded or angular 

shapes), and emotions (e.g., arousing emotional state) as the main distinctive attributes.  

Taken together, these results suggest that olfactory stimuli unconsciously influence 

consumer behaviour not only through the direct effects that smell have on emotions but also 

through priming. Ambient smell can drive the consumer to buy unplanned products because 

operates as unconscious reminder of shopping needs. These results are in line with previous 

research arguing that olfactory stimuli directly influence emotions. Moreover, those findings 

provide new knowledge on how congruence, in terms of affective arousal across sensory 

modalities, modulates emotional responses. Therefore, our results contribute to a better 

understanding of cross-modal interaction in smell perception. Smells can be classified using 

distinctive attributes of other sensory modalities. Theoretical and consumer behaviour 

implications of those results are also discussed. 
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INTRODUCTION 

Emotions are fundamental to human survival. In fact, much of our behaviour is driven 

by emotional responses to the surrounding environment. Many previous studies in the field of 

consumer behaviour have highlighted the paramount role of emotions (e.g., hedonic 

experience) in the determination of that behaviour. However, in both the fields of affective 

science and of consumer behaviour, important research issues related to emotions are still 

unresolved. Some of these unresolved issues relate to the nature of emotion itself, while 

others pertain to the question of how emotions influence decision-making and choice—a 

process which is, as of yet, not fully understood.  

Indeed, one of the toughest questions in the field of affective science is, at the same 

time, one of the simplest: What is an emotion? The etymology of the word “emotion” is based 

on the Latin verb movere (“to move”), intrinsically related to the word motivation 

(“something that moves someone”): Emotions frequently prompt action, primarily in order to 

increase the chance to survive (“motivation to act”) (Cacioppo, Gardner, & Berntson, 1999). 

Thus, emotions represent one of the main motivational precursors of the behavioural 

intentions and the behaviour of humans. This extraordinary “power” of emotions can be 

strategically considered in the study of consumers.  

The environments that consumers usually navigate in order to buy are clearly 

multisensory, and many retailers have widely employed and carefully designed ambient 

variables (“atmospherics”) in their stores in an attempt to influence shoppers. Emotions can 

be elicited by stimuli in different sensory modalities. Although the links between olfaction 

and emotions are particularly strong, olfaction remains perhaps the least understood sense in 

the field of affective science when it comes to emotion elicitation (Keller & Vosshall, 2004). 
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In parallel, in the field of consumer behaviour, while the impact of visual and auditory store 

atmospherics (such as music or colour) on consumer behaviour has received considerable 

scholarly attention, the use of smell as a design element has received less attention by 

marketers. Nevertheless, even in academic marketing research, the effects of atmospherics on 

consumers’ emotions have barely been investigated under laboratory conditions. 

In an attempt to fill this gap in the literatures of both affective science and consumer 

behaviour research, the present thesis will focus on olfactory influences on emotions and 

consumer behaviour. The way in which olfaction affects consumer behaviour is multi-faceted: 

As mentioned above, olfaction is in fact the sense that is most closely linked to the centre of 

emotion processing in the brain (Castellucci, 1985), and olfactory stimuli could also work as a 

priming cue of shopping needs—either consciously or unconsciously. In addition, considering 

the olfactory influences on consumer behaviour, the link between memory and olfaction is 

another potentiality that should be further considered (Krishna, Lwin, & Morrin, 2010).  

The present thesis attempts to make an innovative contribution to the field of 

consumer behaviour by applying classical emotion theories, measurements techniques, and 

elicitation methods (i.e., olfactory stimulation) in order to investigate consumers’ intentions 

and behaviour. To this end, a fourfold goal is pursued: first, to highlight and to clarify the 

concept of emotions and the main related issues (i.e., definitions and causation theories, 

neural correlates, common methods of measurement); second, to identify the role of emotions 

in consumers’ decision-making processes (i.e., cognitive heuristics), with particular attention 

to olfactory stimuli and their complexity (i.e., olfactory system, the “smell of emotion”, 

olfactory stimulus issues); third, to empirically investigate how olfactory stimuli influence 

emotions and consumer behaviour (i.e., impulse buying); and fourth, to empirically 

investigate how affective information from different sensory modalities interactively 
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influences emotional responses (i.e., physiological responses and self-reports), and 

additionally how crossmodal correspondences can be used to classify and to describe the main 

distinctive features of a smell.  

In order to attain these goals, the present thesis starts with two theoretical chapters 

(Chapter 1 and 2) that introduce the general framework for the three experimental studies 

reported subsequently. Each study is presented and discussed in a separate chapter (Chapters 

3, 4, and 5), and each chapter includes a detailed theoretical background that is specific to the 

particular issue addressed in the study. 

The first chapter offers a critical literature review of the main issues related to 

emotions. In particular, this chapter presents an overview of controversial definitions of 

emotion, causation theories, neural correlates of emotional experience, and different 

approaches to measure emotions. 

The second chapter introduces the literature on emotions and consumer behaviour. In 

this review, precedence is given to research in the laboratory, since the laboratory 

environment offers better control of the participants’ emotions and of all other variables under 

investigation than field environments. The chapter begins with a critical review of methods 

that are commonly used to elicit emotions in the laboratory, with particular attention to the so-

called “passive” methods of emotion elicitation. Specifically, the second chapter mainly 

focuses on olfactory stimuli as a tool to elicit emotions. An overview of the olfactory system 

and of its direct connection with emotions is presented, considering the complexity that is 

inherent to this kind of stimulus. Attention is also given to the effects of crossmodal 

interactions on emotions and consumer behaviour. 
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Hopefully, the critical issues that have been highlighted in the literature reviewed in 

the first two chapters will offer a detailed framework to understand the reasons that led to and 

motivated the three studies presented in the subsequent chapters (Chapters 3, 4, and 5).  

Being the first empirical chapter, the third chapter describes and discusses two 

experiments investigating the effect of product-congruent smells on emotions and on the 

willingness to consume smell-congruent products. To this end, a double function of food 

smells (i.e., coffee and chocolate smells) on consumer behaviour is tested: (1) as a reminder 

or prime of a products’ information (i.e., coffee cup and chocolate cake) and (2) as an 

inherently hedonic or pleasant atmospheric variable eliciting positive emotions. 

The fourth chapter presents and discusses an experiment testing whether affective 

information from different sensory modalities can influence the processing of affective 

pictures. In particular, the effect of olfactory (i.e., orange and lavender smells) and auditory 

(i.e., fast-tempo and slow-tempo music) ambient stimuli, presented in (in)-congruent 

combinations, on the responses toward pictures with different emotional valences (i.e., 

pleasant, unpleasant, ad neutral valences) was tested. 

The fifth chapter reports and discusses a preliminary experiment suggesting guidelines 

to categorize common smells in terms of emotions and distinctive characteristics from other 

sensory modalities. With this aim, crossmodal correspondences (e.g., pitch sound, colours, 

rounded or angular shapes, etc.) and emotions (e.g., arousing emotional state) were tested to 

be associated with certain smells. Therefore, using those attributes, which are commonly used 

to describe stimulus dimensions in other sensory modalities and emotions, could lead to a 

better classification of common smells. 

Finally, in the last section, the combined results of the three studies are considered 

together in order to illustrate the contribution of this work to our understanding of olfactory 



 

7 

 

influences on emotions in consumer behaviour, underlying the role of smell as ambient cue 

with a double role (i.e., emotion’s trigger and priming cue). In doing so, the present work can 

be expected to stimulate further research in both neuropsychology and sensory marketing.  
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CHAPTER 1 − Emotions 

1.1 Preface 

  “What is an emotion?” The answer to this question is still open. The concept of 

emotion has always been obscure, and thus extremely fascinating. Artists, philosophers, and 

poets have investigated the concept of emotion since the beginning of human culture. 

However, it was only during the second half of the 19th century that emotions became the 

object of scientific inquiry. Amongst the first to scientifically study emotions were Charles 

Darwin (1872) and William James (1894), who have tried to investigate emotions from an 

evolutionary perspective (i.e., facial expression of emotions in animals and humans) and from 

a medical-psychological perspective (i.e., physiological change as explanation of the nature of 

emotions).  

Since these early attempts to conceptualize emotions, psychologists and 

neuroscientists have made enormous progress in understanding emotions. Specifically, 

researchers have extensively studied the nature, function, and elicitation of emotions. Over the 

years, the field of emotion research has steadily evolved into a comprehensive ‘science of 

emotion’. Nevertheless, the ‘science of emotion’ has remained a controversial field until the 

present day. Many important questions on emotions are still largely unresolved; for instance, 

the very definition of emotions, whether it is possible to measure emotions, which the best 

tools are for doing so, and even whether emotions are real psychophysiological states. These 

are just some examples of the many vital issues that have not been clarified, and for which no 

common agreement has been reached in the scientific community (Oatley & Johnson-Laird, 

2014).  



 

9 

 

The purpose of the current chapter is to give an overview of the main topics and 

current controversies in the field of emotion research. In particular, the chapter reviews 

definitions of emotions, causation theories, neural correlates of emotional experience, and 

different approaches to measure emotions. In order to reduce the complexity of the vast 

literature, the present work focuses on the emotional experience tout court, concerning only 

clear valence (i.e., positive and negative) and arousal (i.e., high-arousal/low-arousal) 

connotation of emotions rather than considering single subtype groups of them (e.g., anger, 

fear, disgust, affection, pride, relief, etc.).  

1.2 Overview of different definitions of emotions 

Despite the enormous literature on emotions that is available today, there is no general 

agreement among scientists on how an emotion should be defined. Indeed, the term ‘emotion’ 

is typically used as shorthand for ‘emotional episode’—a broader concept that represents an 

individual’s overall emotional experience. An emotional episode involves several 

components: cognitive component, affective component, somatic activation, motivation, and 

motor action (Moors, 2009). Because the concept of emotional episode is too broad defining 

the boundaries between emotions, feelings and moods may help (Fox, 2008). All these 

concepts (i.e., emotions, feelings and moods) are included under the general category of 

“affective science” (Davidson, Scherer & Goldsmith, 2003). 

 “Feelings” can be defined as the subjective representation of emotions; that is, as the 

private feeling related to the individual experience. Feelings are mental experiences of body 

states. The cognitive evaluation of an emotion produces an affective response that is 

absolutely personal and context-specific (Barrett, 2006; Clore & Ortony, 2013).  

In contrast, “mood” is defined as a diffuse affective state, generally a less intense 

experience but lasting longer than an emotion (from hours to days). The nature of the 
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antecedent events that trigger moods is often more general or non-specific compared to the 

ones that trigger emotions (Ellis & Moore, 1999; Ekman, 1992). Moods can also be 

distinguished from emotions based on neural substrates. While the neural circuits activated by 

emotions show rapid neurochemical changes, moods are typically associated with long lasting 

neurochemical changes  (Fox, 2008; Rolls, 2005). 

Kleinginna and Kleinginna (1981) conducted a large-scale literature review on studies 

that have investigated what an emotion is, with the aim to solve the terminological confusion 

related to the definition of emotion. These researchers created a classification panel based on 

functional categories by analysing 91 different theories of emotion (Denton, 2005). From this 

massive literature review, they suggested to define emotions as a complex interaction among 

various subjective and objective factors, mediated by neural/physiological systems (i.e., 

neural activations and hormonal production). 

Emotions can be interpreted like affect experiences that are trigged by 

internal/external stimuli. They have a hedonic valence (i.e., positive and negative), involve 

cognitive processes (appraisal, labelling and emotionally relevant perceptual effects), 

psychological adaptive processes, and lead to behaviours. The emotions’ definition proposed 

by Denton (2005) clarified which components con be part of emotions. In fact, the author 

argued that each emotion consists of a number of different components, such as subjective 

self-report experience, physiological response and cognitive appraisal. In this work those 

multi-component perspective of emotions is considered as one of the most appropriate 

perspective to understand what an emotion is.     

The classification panel is schematically presented below (Table 1.1), based on the 

following functional categories: (1) The affective category contains definitions that are 

focused on feelings of arousal level and pleasure/displeasure; (2) the cognitive category is 
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based on definitions emphasizing the perceptual aspects of emotion, with regard to appraisal 

and labelling process; the cognitive part is not only a component of the emotional process, but 

rather the main factor determining the emotional response; (3) the external stimuli category 

includes definitions underling external triggers of emotions, that are seen as the principal 

elicitor of emotions while in contrast the motivation has been trigged primarily by internal 

stimuli; (4) the physiological category contains definitions based on the biological 

mechanisms; it is currently under debate whether the identification of certain substrates of this 

physiological activation can be considered related only to the emotional response as an 

emotional in function; (5) the emotional/expressive behaviour category contains definitions 

focusing on externally observable emotional responses such as changes on surface skeletal 

muscles, breathing, vocal/sound production, hair, surface capillaries or exocrine glad 

secretions (some definitions that are part of this category refer to behaviour as a part of 

emotion); (6) the disruptive and adaptive categories contain definitions aiming at the 

functional effects of emotions (disorganizing/dysfunctional or organizing/functional); (7) the 

multi-aspect category refers to definitions that highlight several important components of 

emotions (affective, cognitive, physiological and emotional/expressive behaviour) and that 

components are not different from other basic psychological processes; (8) the restrictive 

category is based on definitions that try to distinguish the emotion definition from other 

psychological concepts (affective processes and motivation);  (9) the latest category is the 

motivational category, which contrasts with some of the definitions presented in the 

restrictive category; here emotion is considered to be a primary behaviour-guiding motive in 

human. In the current work, the sceptical statements are not presented in the panel because 

they focus on classifications denying the usefulness of the emotions concept. 
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In Table 1, all the categories that have been mentioned by Kleinginna and Kleinginna 

(1981) were analysed in function of which components of emotions (i.e., subjective 

experience, physiological response, cognitive/motivational response, behavioural expression, 

and emotion causation) were taken into consideration in the definition of emotions 

themselves. Nevertheless, it should be recognized that these categories need not be mutually 

exclusive; the definition of emotion suggested by one author can be grouped in more than one 

category. For this reason, in the table only the main authors are presented, which were 

considered as representative. That is, not all the authors analysed in the work of Kleinginna 

and Kleinginna (1981) are classified in the present table. 
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One central on-going debate in emotion science pertains to the question of whether 

there are discrete, basic, universal emotions or whether emotions are best characterized as 

positions within a two-dimensional space (Ekman, 1992; Barrett & Russell, 1998; Lang, 

1995).  

 A study by Russell (1980) based on introspective self-report data and from judgment 

data on the similarity between emotions names found that emotions could be plotted into a 

two-dimensional space, with one axis representing the level of arousal and the other one 

representing the hedonic value (positive–negative). This circumplex model of emotion (Figure 

1.1) is supported by neuropsychological evidence aiming to demonstrate the existence of 

distinct brain structures for processing positive compared to negative emotional valence 

(Ochsner & Barrett, 2001; Lazarus, 1991). One of the main weaknesses of this theory is that it 

does not reflect the underlying structure of emotion itself (Izard, 1994), but only focuses on 

self-reported emotions and their language. That is, dimensionality can be also a matter of 

individual differences (Barrett, 1997). Cultural values and beliefs enormously influence the 

way in which emotions are labelled, learned, and experienced (Levenson, Ekman, Heider, & 

Friesen, 1992).  

Fundamentally, the emotions are organized around two motivational systems 

(Bradley, Codispoti, Cuthbert, & Lang, 2001) the appetitive and the defensive systems, due to 

the primary role of the valence dimension of the emotional triggers. In addition to hedonic 

valence, arousal also represents another basic parameter in these two motivational systems. 

Unlike valence, arousal does not have a separate substrate but rather reflects variations in the 

activation (metabolic and neural) of one or both systems (see also Cacioppo & Berntson, 

1994). Generally, valence determinates which system must be activated, while arousal 

determinates which of the internal/external stimuli could become an emotional trigger. On one 
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side, pleasant emotions are associated with the activation of the appetitive system, the innate 

tendency to approach; whereas unpleasant emotions are more frequently associated with the 

activation of the defensive system, the innate tendency to escape. On the other side, the 

emotional arousal level modulates humans’ attentional resources (Lang, Bradley, & Cuthbert, 

1997) and the subsequent intensity of the emotional response (Sloboda & Juslin, 2001). 

 

Figure 1.1 The emotion circumplex model suggested by Barrett and Russell (1998). Adapted from Mayne and 

Bonanno (2001, p. 4). 
 

In contrast to such a two-dimensional account of emotion, Ekman (1992) offered 

another possible interpretation of emotions, inspired by his studies on facial universal 

expressions of emotions (Ekman & Friesen, 1978). Ekman argued that there are discrete, 

basic and universal emotions rather than a two-dimensional emotional space, and that each of 

these basic emotions comes with specific physiological arousal patterns, behavioural display 

patterns, and affective perceptions (mental representation). The proponents of discrete 
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emotion theories have suggested different numbers of so-called basic-primary emotions 

(Damasio, 1994; Scherer, 2005; Ekman, 1999). The basic emotions according to Ekman 

(Ekman, Friesen, & Ellsworth, 1972) are: happiness, surprise, fear, sadness, anger, and 

disgust. However, for instance, the discrete-emotion perspective contends that each emotion 

corresponds to a unique profile in experience, physiology and behaviour (Ekman, 1999; 

Panksepp, 2007). Basic emotions are a special subset of a broader class of discrete 

emotions—to distinguish these basic emotions from other discrete emotions (secondary 

emotions), some criteria are needed. In 1992, Ekman has suggested no less than nine criteria 

to distinguish basic emotions from secondary emotions. Recently, Levenson (2011) reduced 

these nine criteria to three larger groups: distinctness (physiological and behavioural profiles, 

of antecedents, signal and reactions), continuity (nervous system activations that humans have 

in common with animals), and functionality (survival-relevant automatic appraisal).  

Furthermore, this marked division between theories that on one side have theorized 

emotions as discrete and on the other side have organized emotions around two-dimensional 

space was overpassed. In fact, as suggested by Bradley and Lang (1994), two-dimensional 

and discrete theories of emotion are not necessarily mutually exclusive. Rather, it seems 

possible to reconcile dimensional and discrete perspectives to some extensive theories, which 

propose that discrete emotions represent a combination of several dimensions (Mauss & 

Robinson, 2009). For instance, more recently, the structure of emotion has been 

conceptualised in both discrete and dimensional terms. According to such hybrid 

conceptualizations, basic emotions can be plotted on the valence-arousal dimensional model 

(Jerritta, Murugappan, Nagarajan, & Wan, 2011). In particular,  

In conclusion, the complexity around the definition of emotion has incentivised the 

development of instrument based on mathematical function to investigate this concept. For 
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instance, Mayne & Bonanno (2001) have suggested the application of nonlinear and dynamic 

systems to analyse emotions, which allow to qualitatively describe complex emotional 

phenomena and at the same time to explain emotions through mathematical functions. 

1.3 Theoretical framework: A review of emotion causation theories  

In this review, a selection of the most common theories of emotion causation is 

presented. The selection was compiled using the criteria suggested by Moors (2009).  

However, since the main interest of this work is to investigate emotions considering 

the main issue of physiological activation, only theories focusing on emotion causation view 

from a perspective of automatic nervous system activation are discussed (Kreibig, 2010). The 

automatic nervous system activity is, in fact, assumed to be one of the major components of 

emotional responses, even in the oldest theories (see Kreibig, 2010 for a review). 

Consequentially, other theories such as the Network Theories and Affect Program Theory 

(Leventhal, 1980, 1984; Moors, 2009;	
  Panksepp, 2000) will not be considered in this review.  

The main differences between the various emotion causation theories discussed in the 

following are schematically shown in Figure 1.2. The theories are presented in temporal 

order, which illustrates the gradually increasing complexity of these theories. All the theories 

presented agree with the importance of emotion causation event, (Moors, 2009). 

The first cue, that needs to be investigated, is related to the nature of triggers of 

emotion. Specifically, what can trigger an emotion and what cannot. To answer to this 

intricate point, it is necessary to consider the nature of the stimulus. Just like interoceptive 

stimuli (i.e., memories, recall of personal episodes), experiences related to the exteroceptive 

senses (i.e., vision, smell, or taste) can also cause emotions (Damasio & Carvalho, 2013) . 

Another unresolved vital issue in emotion research is the “event or elicitation 

problem”, what happens between the stimulus (i.e., the input) and the emotion (i.e., affective 
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reactions). The elicitation problem is considered to be just as important as the issue about the 

definition of emotion and about which component can be part of that concept (Moors, 2009; 

Power & Dalgleish, 2007). 

 To overcome the “elicitation problem”, emotions may be conceptualised as 

constituted by two dimensions: quality and quantity (Moors, 2009). On the one hand, the 

quantity dimension refers to the emotional intensity of stimuli, that is, whether they can elicit 

weaker or stronger emotions (or none at all).  A threshold of intensity is needed, below this 

threshold of intensity no emotion is trigged. On the other hand, the quality dimension refers to 

the valence of those stimuli. This dimension is used to underline which stimulus type arouses 

positive or negative emotions, and to further specify which kind of particular emotion is 

activated (i.e., anger, fear, happiness etc.). A parallelism can be drawn between the two 

motivational systems and the relative function of arousal and valence (Bradley et al., 2001; 

Lang et al., 1997). Specifically, the quantity dimension can be associated with arousal, 

whereas the quality dimension can be associated with valence.  

1.3.1 The James-Lange theory vs. the Cannon-Bard theory  

The James-Lange theory (1884, 1894) has strongly influenced the study of emotions 

for many years. William James and Carl Lange independently suggested that physiological 

responses are causal to emotional experience (i.e., “peripheral theory”). Indeed, emotional 

stimuli provoke visceral (i.e., automatic neural system activation) and somatic (i.e., cognitive 

interpretation) reactions. The perception of those activations evokes the feeling states of the 

emotion. In this view, we do not shudder because we feel fear but we feel fear due to the fact 

that we shudder. The physiological changes (automatic and somatic) due to an arousing cue 

(i.e., bear) allow humans to experience emotions (Jamesean hypothesis, Lang, 2014). 
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The James-Lange theory has raised considerable discussions, particularly about the 

temporal aspects of the emotional elicitation. That is, the physiological changes seem to be 

previous to the cognitive evaluation of the event that trigged these physiological changes (see 

Figure 1.2). Such issues have proven to be difficult to test, in fact results on the temporal 

issues are controversial (Friedman, 2010). In agreement with the Jamesean hypothesis, some 

studies showed how somatic muscles activity modulates emotional responses; the 

physiological activation seems to work in parallel with the cognitive processing of the 

emotion (Adelmann & Zajonc, 1989; Rutledge & Hupka, 1985). In contrast, other research 

did not replicate the same results (Tourangeau & Ellsworth, 1979). Recently, Damasio and 

colleagues (2000) confirmed that peripheral physiological changes precede the experience of 

emotion generated by the recall of personal episodes. The emotion definition given by James 

(1884) can be summarized in the affective definitions previously presented: bodily changes 

and the feelings of such changes constitute emotions. That is, emotions are identified by the 

feeling component (Moors, 2009). 

Later, some scholars have criticized the James-Lange theory (Cannon, 1987). 

Amongst the most influential critics were Cannon and Bard with their investigations of the 

effects of brain lesions on emotional behaviour in cats (Bard & Rioch, 1937; Dalgleish, 

2004). In particular, Cannon and Bard found that removing the cat’s cortex did not cancel 

emotions. This indicates that emotions cannot be a mere perception of bodily change. From 

this evidence, the two researchers inferred that emotions arise from subcortical centres 

(i.e.“central	
   theory”)—a hypothesis completely in contrast with the James-Lange theory. 

According to the Cannon-Bard theory, we feel fear after the cognitive evaluation of the 

external stimulus (see Figure 1.2). Therefore we feel the correspondent emotion in response to 
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this type of cognitive evaluation, the somatic information is not always necessary to trigger 

the emotional response (Friedman, 2010). 

Moreover, Cannon (1987) held that the viscera and the innervation of muscles were 

not the sources of the subjective quality of emotions, but rather that different emotions 

produce different automatic physiological patterns (Larsen et al., 2008). Cannon’s theory 

replaced the James-Lange theory in most textbooks (Cannon, 1987). However, Cannon’s 

theory did not include an extensive definition of emotion, but rather focused on the internal 

physiological mechanisms: Emotions are produced by a direct input emerging from the 

thalamus (Cannon, 1939).   

1.3.2 The Schachter’s theory 

Later, Schachter and Singer (1962) proposed an alternative to both the James-Lange 

and the Cannon-Bard theories, arising from their famous experiment on cognitive, social, and 

physiological determinants of emotional states (Schachter & Singer, 1962). In this study, 

which Schachter ran together with his student Singer (1962), the participants’ emotion was 

manipulated by means of an epinephrine injection that provoked a strong arousal activation in 

participants (i.e., physiological manipulation). Interesting, environmental cues (i.e., social and 

cognitive manipulated situational factors) have been used to search and give a potential 

emotional label, and to justify the otherwise incomprehensible emotional arousal. The study 

results suggested that neither physiological nor psychological factors can individually explain 

causes of emotion experiences and their reactions. Specifically, these findings suggested that 

both physiological information and cognitive processing are fundamental to experience 

emotions.  

The main limitation of these type of laboratory studies is their lack of ecological 

validity, issue that was already noted by Schachter and his collaborators (Cotton, 1981; 
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Deonna & Scherer, 2010). However, the main goal of these two researchers was not to 

propose a general emotional theory (which would be affected by a lack of ecological validity) 

but rather to investigate the mechanisms that drive the attribution of specific emotions 

labelling in humans. Moreover, Schachter and Singer (1962) did not formally define emotion; 

they were basically concerned with understanding under which circumstances the 

categorization and the labelling of the emotional experience takes place. Like James, for 

Schachter emotions labelling/processing corresponds with the feeling component. 

 Despite of subsequent criticism (Cotton, 1981), this so called ‘cognitive-

physiological’, "two-factor," or "jukebox" (Mandler, 1962) approach led to the assumption 

that even undifferentiated somato-visceral activity can produce distinct emotions, depending 

on the situational context (e.g., a kiss can elicit different emotions in function of whom is 

kissing you). According to this Schachter’s theory, the emotional experience is the result of 

the interaction between two factors in parallel (see Figure 1.2): physiological arousal and 

cognitive processing related to the arousing situation (Reisenzein, 1983). The cognitive 

evaluation determines which emotions (quality) will be experienced, while the physiological 

arousal defines the intensity. Both aspects (i.e., cognitive evaluation and physiological 

arousal) are considered to be fundamental and necessary conditions for the occurrence of an 

emotion (Reisenzein, 1983).  

 The Schachter’s theory has been supported by studies underlying the importance of 

cognitive factors in the processing of the emotional experience (Cotton, 1981; Larsen et al., 

2008; Schachter, 1964). For instance, situational contexts (e.g., seeing a bear in a zoo) elicit 

an information search (e.g., zoo is a controlled and protected condition) and a self-attribution 

process that lead to the experience of specific emotions (e.g., excitement instead of fear)  

(Deonna & Scherer, 2010). Therefore, humans can feel different emotional states in function 
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of the situational stimulus. The first stage in the experience of an emotion is an arousal 

activation, while the second one is a social construction or interpretation of the arousal in line 

with learned norms (Oatley & Johnson-Laird, 2014). Indeed, events are not intrinsically 

pleasant or unpleasant, like seeing a bear it is an event that can produce different emotional 

reaction in function to the context in which the bear has been seen. Furthermore, valence has a 

meaning only in function of the way in which the individual evaluates the particular event or 

stimulus. In addition, negative events do not automatically produce motor reactions with 

particular aims. Oatley & Johnson-Laird (2014) argued for the existence of emotion 

prototypes (i.e., fear, anger, etc.) which include an event (e.g., seeing a bear), the affective 

perception of it (e.g., bears can attack you), the attribution of a principal object, and an action 

directed toward the object (e.g., fight or flight). These prototypes are not universally 

recognized: emotional experience is constructed from social norms and cultural ideas. 

1.3.3 Appraisal theories  

In order to explain the reason why different emotions may emerge from the same 

event in different individuals, the Appraisal Theory was developed at the beginning of the 

1960s. This theory was inspired by classical works of Aristotle (1954), Hume (1969), Spinoza 

(1989), Sartre (1939), Arnold (1960), and Lazarus (1966). The New Appraisal Theory defines 

emotions as processes rather than mind states, with adaptive functions to the environment, 

reflecting significant appraisal features for human survival. Moreover, appraisal theory differs 

from Schachter’s theory (1964) in that it places the cognitive component at the beginning of 

the emotional episode. Before the occurrence of any bodily responses, the cognitive process is 

activated on the unconsciousness level (Moors, 2009). Appraisal is actually seen as a basic 

component of the emotional episode; emotions are conceptualized as episodes trigged by 
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stimuli that are relevant for a central goal/aim, and that contain an action tendency with 

synchronizing components. 

 Furthermore, Appraisal theories have proposed two modalities to define and 

understand what appraisal is: (1) Dual mode views, where a rule-based mechanism, an on-line 

computation of one or more appraisal values at the same time, and an associative mechanism, 

an activation of learned associations between stimuli and previously stored appraisal outputs, 

coexist, and (2) triple mode views, which added a sensory-motor mechanism, an activation of 

unrelated associations between sensory characteristics, hedonic feelings and motor responses 

(Moors, Ellsworth, Scherer, & Frijda, 2013). The appraisal itself determines the quality and 

the intensity of action, behaviour, feelings and physiological responses (Frijda, 2007). 

Recently, Moors (2014) argued for two “flavours” of appraisal theories. These flavours 

demarcate the emotional episode sets, as well as organize the variety of those episodes: A first 

flavor divides the emotional episodes into limited subsets, corresponding to the specific 

emotions expressed in natural language (Roseman, 2013). A second flavor divides emotional 

episodes into a potential infinite number of subsets, each associated with a unique situation 

and a unique pattern of appraisal values (Scherer, 2009). As Schachter’s Theory presented 

above, this theory includes individual, cultural, and developmental differences (Imada & 

Ellsworth, 2011; Moors et al., 2013).  

Given the dichotomous premises described by Moors (2009), one of the main goals of 

the present work is to bridge the gap between Social Science and Neuroscience by 

strengthening the idea that emotions consist of a number of heterogeneous components, that, 

when linked together, create the emotion appraisal itself. 
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Figure 1.2 Illustration of different emotion causation theories and their main components. In the James-Lange 

theory (1), the quality of the emotion is determined by the patterns of physiological activation; no cognitive 

process is taken into account. In contrast, in the Cannon-Bard model (2) the order of the emotional process is 

inverted: the conscious emotional experience is antecedent to the physiological activation (arousal). The third 

model, Schachter’s theory (3), similar to the first one, argues that the physiological activation pattern (arousal) is 

subsequently evaluated by the conscious cognitive process (appraisal); the cognitive process cannot determinate 

which stimuli elicit arousal but can give an interpretation to this arousal (appraisal). In the last theory, Appraisal 

theories (4), the cognitive process is placed at the onset of the emotional experience. An unconscious appraisal 

process seems to determinate a threshold; if the stimulus exceeds this threshold it leads to emotion activations, if 

it stays below the threshold no emotions are activated. This process, together with the motivational component 

(action tendency), can improve the emotion manifestation toward the physiological activation (arousal) that leads 

to the emotional experience and then to the behavioural occurrence.  
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1.4 Emotional networks in the brain: The affective brain  

Over the last century, the understanding of the brain mechanisms underlying emotions 

has radically changed (Ledoux, 2012; James, 1884; Cannon, 1939). For a long time, the 

limbic system was considered to be the centre of emotion codification (LeDoux, 1992). The 

limbic system, named by McLean (1952), included amygdala, septal nuclei, orbitofrontal 

cortex, parts of the basal ganglia, and the so-called ‘Papez circuit’ (Papez, 1937). In 

particular, the ‘Papez circuit’ referred to pathways between midbrain areas, such as the 

hypothalamus, the anterior thalamus, the cingulate gyrus, and the hippocampus.  

However, some studies have suggested that referring to the ‘limbic system’ as the only 

emotional brain centre leads to limitations and imprecisions, on both a structural and a 

functional level. Several works have tried to define the limbic system more precisely (Squire 

& Zola, 1996; Cohen & Eichenbaum, 1993), although the debate about which brain areas are 

part of the limbic system is still open (LeDoux, 2012).  

Nevertheless, one area of the limbic system that has been implicated in emotional 

response by several studies is the amygdala (Damasio, 1994). The amygdala seems to have a 

central function in the emotional processing. Interestingly, LeDoux (1992) argued that the 

limbic system hypothesis has been evaluated for so long only thanks to the inclusion of the 

amygdala in the system. In the next paragraph (1.4.1) the function of the amygdala in 

processing of emotions will be discussed.  

Recently, the role of the brain areas constituting the limbic system in processing the 

emotional experience has been tested using functional neuroimaging techniques (i.e., positron 

emission tomography [PET] and functional magnetic resonance imaging [fMRI]) (Phan, 

Wager, Taylor, & Liberzon, 2002). Thanks to these innovative technologies, recent research 

indicated that different brain circuits control different aspects of emotion. Phan and collegues 
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(2002) reviewed 55 PET and fMRI studies in healthy individuals. Their review suggests that 

separate brain regions are involved in different aspects of emotions. However, the validity of 

Phan and colleagues’ meta-analysis has to some extent limited by the large heterogeneity of 

the included studies. Specifically, the included studies greatly differ in terms of study design, 

analysis types and, more importantly, imaging methodology; it should be noted that this is a 

general problem that applies to most meta-analyses. Furthermore, unfortunately, many brain 

areas involved in emotions are involved also in a wide range of other functions (Lane & 

Nadel, 2002). The involvement of brain areas of emotions in some other basic functions 

makes it difficult to link specific emotions to specific brain regions.  

The non-integration of studies in the field of neuroscience and psychology shows a 

need to investigate emotions from a combined perspective. Therefore, a better integration of 

studies on emotion and studies on cognition is needed, with the aim to fully understand the 

‘affective brain’. As suggested by LeDoux (2000), this integration does not simply correspond 

to a link between research on the limbic system and research on the cortex, but a real 

integration between different knowledge.     

Emotional processes involve conscious and unconscious processes. Nowadays, brain 

research in the neuroimaging field seems to provide a marked distinction between cognition 

and unconscious primary process of emotions (Panksepp, 2007): The Prefrontal Cortex (PFC) 

can be defined as the ‘rational’ brain centre of emotional responses (experience of secondary 

emotions under cognitive control, Damasio, 1994), as opposed to the ‘irrational’ emotional 

regulation centre, the Amygdala (mainly related to primary emotion experience, Damasio, 

1994). The following paragraphs discuss the role of PFC and Amygdala in human emotional 

responses, taking always in consideration the main limitations on the neural emotion circuits’ 

knowledge provided above. 
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1.4.1 Amygdala and Prefrontal Cortex  

Investigating behavioural dysfunctions in primates, Klüver and Bucy (1937) were the 

first to implicate the amygdala in emotion processing. Specifically, damage to the primates’ 

temporal lobe provoked behavioural changes (i.e., fear lose, feeding with unusual substances 

like rocks)—a condition coined the Klüver-Bucy syndrome.  Later, Weiskrantz (1956) 

proposed that the amygdala lesions in that syndrome might cause abnormal detection of both 

internal and external stimuli. 

This and following studies established that the amygdala has a fundamental function 

in emotional processes; each nucleus of amygdala has a different function (Etkin, Egner, & 

Kalisch, 2011). In particular, the amygdala has a primary role in the assignment of affective 

meaning to sensory events (Emery & Amaral, 2000).   

However, the majority of experimental studies in this area have used animals or 

lesioned patients, and placed a particular interest on the basic neural circuit of fear responses. 

These studies on the neural pathways involved in fear processing/conditioning (for a review 

see LeDoux, 2000) gave information about the function of the amygdala’s different sub-

regions (Young, Scannell, Burns, & Blakemore, 1994).   

In the 1996, LeDoux introduced the theory of the two pathways (i.e., “high road” and 

“low road”) to processing the emotion of fear. This conceptualization of the two-level road for 

the codification of fear stimuli is fundamental to understand the mechanisms of emotional 

processing in general. In this view, the emotional stimulus is processed by the sensory 

thalamus and/or the sensory cortex; the amygdala receives inputs from two different sensory 

processing regions—the thalamus and the cortex. The “low road” involves mostly 

unconscious, conditioned and unconditioned stimuli that evoke direct response, while the 

“high road” involves conscious processing of stimuli and all its contextual associations. 
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Specifically, the “low road” of emotional stimulus processing through thalamic paths is rapid 

but transfers only raw representations. Instead, the “high road” of the cortical paths is slower 

but more accurate. The subcortical way permits to codify stimuli in the environment quickly; 

the authors suggested that this path can prime the amygdala to following information from the 

cortex. Interestingly, both pathways (i.e., “high and low roads”) may process emotional 

stimuli unconsciously. Indeed, as de Gelder (2006) hypothesised, the amygdala may have a 

double role: a primary role in the subcortical structures’ network and a secondary role in a 

network of cortical structures.  

Recently, Pessoa and Adolphs (2011) proposed a multi-level processing pathway that 

transmits emotional stimulus information toward the whole brain’s areas, rather than a 

dichotomy between ‘low road’ versus ‘high road’ (de Gelder, van Honk & Tamietto, 2011). 

The evidences reviewed in the paper of Pessoa and Adolphs (2011) suggested the idea that 

emotional-relevant stimuli should not be understood in terms of “low road” vs. “high road” 

but in terms of “multiple roads” that lead to expression of the consequent actions and 

behaviours.  This new perspective could be an interesting starting point for future 

investigations.  

 Evidence of the involvement of the amygdala in aversive stimulus processing has 

been provided mostly through animals studies (Phan et al., 2002). However, some studies 

have also investigated positive emotions in animals (Baxter & Murray, 2002) and in humans 

(Anderson et al., 2003).  

Furthermore, it seems that the amygdala is involved in the vigilance mechanisms, for 

both negative and positive emotional stimuli (Hamann, Ely, Hoffman, & Kilts, 2002). From 

an evolutionary perspective, emotions can be grouped into negative and positive emotions \ to 

form the basis of the motivational approach–avoidance system—a system present in both 
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humans and animals (Cacioppo et al., 1999). Interestingly, the amygdala has been proposed to 

mediate emotional influences of some social and cognitive functions (e.g., social norms, 

attention and memory) on the processing of emotions; this topic will be discussed in the 

second chapter. 

The PFC seems to have a role in the regulation of both bottom-up and top-down 

systems (e.g., appraisal and regulation of affective state). Neuroimaging studies have found 

that the cognitive control of emotional stimuli corresponds to an increase of the activity in 

prefrontal brain areas, together with a deactivation of the amygdala. Furthermore, a literature 

review (Ochsner et al., 2004) suggests that the PFC is primarily involved in the cognitive 

regulation of negative emotions, governing the up-down regulatory system; nevertheless, 

other studies showed that both regulation systems (i.e., bottom-up and top-down) are 

controlled by PFC (Ochsner & Gross, 2005).  

 In summary, for some authors the main difference and relation between the PFC and 

the amygdala activation is the level of consciousness in the processing of external stimuli: 

PFC is mainly activated during conscious processing of those stimuli, while amygdala is 

mainly activated when those stimuli are not consciously perceived (Ledoux & Phelps, 2011). 

However, a network of interconnected brain areas seems to be a better approach to investigate 

emotion processing in humans (Pessoa & Adolphs; 2011). 

1.5 Emotions measurement 

According to the multitude of emotion definitions, several means to measure human 

emotions can be employed too, which allow analysing the primary components of emotions. 

These components are: subjective perception (i.e., self-report effectiveness), a 

behavioural/cognitive component and a neurophysiological dimension (Larsen & Prizimic-
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Larsen, 2006; Frijda, 1986). Methods used to measure emotional responses are presented 

reflecting the model suggested by Mauss and Robinson (2009). 

1.5.1 Self-report 

The subjective experience measure represents, basically, the feeling that could be 

primarily reported in the first place by people (Barrett, Mesquita, Ochsner, & Gross, 2007). 

When people explicitly evaluate their emotions, they appraise the meaning of their feeling in a 

conscious and deliberate way and verbalize their response. Explicit evaluation of emotions 

allows people to label their emotions and to express/report current or past emotions, so that 

they can explain their emotions and share them with other people. However, many researchers 

argue that emotions cannot be completely described and understood by relying only upon 

subjective reports (Fox, 2008). The validity of self-report measurements is arguable; it seems 

to be more accurate for current emotional experiences (e.g., ‘online’ emotion reports, Mauss 

& Robinson, 2009) than for experiences somewhat distant in time. In addition, cognitive 

biases such as social desirability can influence participants’ awareness of and capability / 

willingness to report negative emotional states (Welte & Russell, 1993). There are also still 

concerns that individuals high in alexithymia may be unable to conceptualize their emotional 

experiences and may give less valid reports of these (Lane, Ahern, Schwartz & Kaszniak, 

1997). Generally, by using self-report methods it is possible to find in cultural differences 

(emotion ideologies, knowledge, vocabularies, feeling and displaying rules; Stearns & Parrot, 

2012). 

In the following, a list of some common instruments to reveal felt emotions and 

feeling states are mentioned: Beck Depression Inventory (BDI, Beck, Ward, & Mendelson, 

1961), the Beck Anxiety Inventory (BAI, Beck, 1988), the Spielberger Trait-State Inventory 

(STAI, Spielberger et al., 1983), the Profile of Mood States Questionnaire (POMS, McNair, 
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Lorr, & Droppleman, 1992), the Positive and Negative Affect Scales (PANS, Watson, Clark & 

Telligent, 1988), the Multiple Affect Adjective Checklist (MAACL, Zuckerman & Lublin, 

1965), the Self-Assessment Manikin (SAM, Bradley & Lang, 1994), implicit tests of emotions 

measurements and evaluation of ideographs (Murphy & Zajonc, 1993).  

1.5.2 Behavioural/cognitive measurements 

One component of emotions on which most emotion investigators agree is that, in an 

emotional stimulation/episode/situation, the body acts. It therefore should be possible to infer 

the emotional state of a person from vocal (Planalp, 1998), facial (Ekman et al., 1972) and 

whole-body expressions (Tracy & Matsumoto, 2008). Emotions can be also interpreted as a 

primary motivation to act, like the primordial and primed tendency to approach or avoid the 

stimulus eliciting the emotional reaction (i.e., ‘fight or flight’, Frijda, 1986; Lang et al., 1997). 

From this perspective, we can easily argue that emotions could trigger directly-observable 

behaviour. Similar to self-reports, such behavioural measurement may be biased by culture, 

gender differences, personality traits, and the unclear causational link between emotional 

elicitation and bodily reactions.   

Some behavioural tasks used to investigate internal cognitive processes in emotion 

research are (Fox, 2008): the emotional Stroop task (for a review, see Williams, Mathews, & 

MacLeod, 1996), visual search/attentional cueing paradigms (Compton, 2003; Phelps, Ling & 

Carrasco, 2006), dot-probe (Mather & Carstensen, 2003), and simple recall and recognition 

memory/implicit memory tasks (Charles, Mather, & Carstensen, 2003).  

Recently, a new software called FaceReader (©Noldus Information Technology, 

2014) has been developed to automatically analyse the complete spectrum of human facial 

expressions. This system is based on the Facial Action Coding System (Ekman & Friesen, 

1978) and is able to detect the six basic emotions proposed by Ekman (1992).  
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1.5.3 Physiological measurements (biomarkers) 

The central neural system (CNS) is constantly checking our internal environment 

(internal body activity, interoceptive perception) and external environment (sensory activity, 

exteroceptive perception) to keep homeostatic balance. In contrast, the autonomic nervous 

system (ANS) is the physiological system responsible for modulating peripheral functions 

(Mauss & Robinson, 2009) and for reacting to emotional stimulation with physiological 

responses. It is composed by the sympathetic and the parasympathetic systems; they regulate 

body activity under arousal (‘fight’ or ‘flight’; Damasio, 1994) and rest (restoring 

‘homeostatic’ balance, Bradley & Lang, 1994) conditions, respectively examples of these 

different activities are shown in Table 1.2. 

 The most common biomarker indices assessing ANS activation are focused on 

electrodermal or cardiovascular responses. Common techniques for measuring physiological 

response in emotion science are: skin conductance level (SCL), heart rate (HR), cardiac 

output (CO), heart rate variability (HRV), blood pressure (BP), total peripheral resistance 

(TPR), cortisol level, electromyography (EMG), and respiration rate (RR). However, these 

types of indices may reflect other body activities not related to emotional reactions. Indeed, 

the physiological measures have limits due to the nature of the nervous system that can react 

to emotional events but also to visceral events, and also to noise in signal registration.  

Among the various instruments that are available to reveal the electrodermal activity, 

one source of detailed information regarding neural activity is the measure of the 

electrophysiological signals on the scalp, thus allowing recording directly of the central 

nervous system activity (Mauss & Robison, 2009). 
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Table 1.2 A summery of ANS emotional responses divided into sympathetic and parasympathetic system 
responses (adapted to Fox, 2008). 

 

 On one side, the instruments to measure the ANS activity are not only focused on 

electrodermal or cardiovascular responses, rapid eye closure for example it is another relevant 

tool. The rapid eye closure is one of the most reliable components of the emotional cascade 

reaction that constitutes the Startle Reflex. In the past, this reflex was measured by placing 

electrodes below the eyelid. Today, thanks to the arrival of non-invasive technology, eye-

tracking systems (De Lemos, Sadeghnia, Ólafsdóttir & Jensen, 2008) the lid closure can be 

measured unobtrusively. In addition, eye-tracking system can detect also pupil dilation, which 

can be used as a measure of physiological arousal. Besides eye movement tracking, this 

method may also register fixation points; these data allow for inferring immediate 

unconscious and uncontrollable emotional responses before they are cognitively perceived, 

interpreted, and biased by higher-order processes. 

On the other side, common neurophysiological tools to measure central system 

activity (Mauss & Robison, 2009) can be divided into: 1) electrophysiological 

approaches, such as electroencephalogram (EEG) (Ahern & Schwartz, 1985); 2) event-related 

Sympathetic ANS responses 
(dominant during arousal): 

Parasympathetic ANS responses  
(dominant during rest): 

- pupil dilatation 

- inhibition of saliva production 

- acceleration of the heart rate  

- bronchial tube dilation 

- digestion inhibition  

-adrenaline and noradrenaline release 

- increased conversion of glycogen into bile  

  - bladder contraction inhibition 

- pupil constriction  

- flow of saliva stimulation 

- heart rate slowing 

- bronchial tube constriction 

- digestion stimulation 

-- 

- stimulation of bile release  

- bladder contracted stimulation 
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potentials (ERP) (Vanderploeg, Brown & Marsh, 1987); 3) magnetoencephalogram (MEG) 

(Peyk, Schupp, Elbert & Junghöfer, 2008); and 4) neuroimaging methods (Panksepp, 1998) 

like PET and fMRI (for a review on the functional neuroanatomy of emotion, see Phan et al., 

2002).  

1.6 Conclusion and discussion  

In order to reduce the complexity around the emotion concept, the main issues 

concerning this concept have been discussed in the present chapter. Specifically, in the light 

of the many controversies surrounding the study of emotion, the aim of the current chapter 

was to establish a sound conceptual basis of emotions. 

While many studies have attempted to categorize and investigate different subtypes of 

emotions (e.g., fear, anger, and disgust), a more general vision of emotion has not been 

investigated so exhaustively (i.e., emotion in general without a specification of which 

subtype). As a short cut to this problem some of the studies in that area have approached the 

investigation of emotions in strictly behavioural, physiological, or cognitive terms. From this 

literature review emerges only limited unanimity in the ‘science of emotion’; however, one 

aspect of emotion seems to be accepted by all accounts of emotion—this regulatory function 

of emotions. As already suggested by Darwin (1872), emotions play a fundamental role in 

adaptive processes, and this adaptive purpose permits interaction between humans and the 

surrounding environment. Later, Lang argued that in particular basic emotions serve to 

perform this function (Finger, 1994). Depending on the theoretical perspective, action is 

mainly considered as either an adaptive consequence (i.e., output) of or cause (i.e., trigger) of 

emotional events. For instance, Lang’s (1979) bio-informational theory emphasises the 

importance of action units, which code associated behaviours (i.e., running) and relevant 

autonomic support (i.e., heart rate acceleration). Indeed, emotional reactions in humans often 
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primarily involve a disposition or preparation to action, instead of a clear overt expression of 

that action (Frijda, 1986; Lang, 1995).  

Moreover, as discussed in the second paragraph (1.2), the conceptualization of the two 

motivational systems (appetitive vs. defensive) perfectly matches this primarily adaptive role 

of emotions in humans, and may lead to a general and common definition of emotions in the 

future. Consistently, previous research has shown that variance in emotional 

meaning/labelling is mainly due to those two principal emotional dimensions (pleasure and 

arousal), which are naturally a simply reflection of motivation (Mehrabian & Russell, 1974).  

In the present work, emotion is seen as a process in which the activation of one of its 

components (i.e., physiological arousal, conscious/unconscious appraisal, action tendency and 

behavioural occurrence) causes the change and the stimulation of subsequent components. 

Indeed, from this perspective emotion is a multi-components phenomenon; despite of this, in 

literature for example there is still no one-to-one relationship between emotions and changes 

in ANS. Apparently, to generalise and label emotion categories in function of ANS changes, a 

‘modal emotions’ (Scherer, 2005) or ‘emotions families’ (Ekman, 1999) conceptualization 

can be used as more general concept, like an umbrella concept. Such concepts may help to 

group subtypes of emotions in function of their main differences in appraisal outcomes 

(Kreibig, 2010). Nevertheless, in empirical emotion induction, the selection of adequate ANS 

reactions measures is even more fundamental than the employed emotion definitions in order 

to identify emotion-specific ANS activation (Kreibig, 2010). 

 The literature on emotion causation theories reviewed in the third paragraph (1.3) 

highlighted agreement with the neo-Jamesian view: Our emotional experience is constructed 

by interoceptive information and proprioceptive information that becomes available when 

emotions produce changes in ANC activity (Levenson, 2011). However, this theory still does 
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not account properly for the cognitive component of emotion. The starting point of the 

cognitive process is a basic part in the determination of the emotional experience. Thus, 

identifying the moment in which the cognitive process starts is important to select the 

appropriate measurement method. Road supremacy (i.e., high road vs. low road) was not 

considered in the present work, and no arguments in favour of a subcorticocentric view or a 

corticocentric view of emotional processing were discussed (Pessoa & Adolphs, 2011). 

Stating the predominance of either the PFC (the ‘rational brain’), or the amygdala (‘the 

irrational brain’), would lead to a stance on the supremacy of cognition or of instinct. This 

statement can be done only considering the contextual condition in which the emotion is 

trigged and the type of trigger. In the present chapter the multi-level processing pathway of 

emotions is corroborated. The vision of a multi-level processing pathway of emotions (Pessoa 

& Adolphs, 2011) accounts for the potential parallel activation of both part of the brain 

(‘rational’ vs. ‘irrational’) and the predominance of one of each in function of the contextual 

factors.  

To fully understand the psychophysiology of emotion, the context of the emotional 

induction and the stimulus types must be specified; this is obviously simplified under 

laboratory conditions. Indeed, in the laboratory condition all the variables that may influence 

the emotion experience are potentially controlled. The most common emotion induction 

paradigms in psychophysiological studies will be discussed and presented in Chapter 2. 

Generally, every theoretical perspective or instrument adopted to measure emotions 

may change completely the interpretation given to the emotion itself. For example, the self-

report measures of emotions are totally based on the introspective evaluation of people 

feelings. The most common self-report questionnaires in emotion research have been 

developed in clinical psychology. This shows how defining and describing emotions is 
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paramount in that area to outline pathological disorders. If on one side, a self-report 

questionnaire gives very detailed information about the effective state of a subjective 

experience; on the other side, unfortunately this instrument is unable to identify and 

generalise such a complex construct as emotion is. Thus, the used of this kind of self-report 

instruments can have limitations. In fact, one of the most important limitation is the incapacity 

of humans to faithfully report their emotional states (Zillmann, 1978; Kreibig, 2010). To 

simplify this complex reality, it has been suggested to look at the emotion in terms of 

dimensions (i.e., pleasant/unpleasant vs. high arousal/low arousal), referring to the simplified 

view of the circumplex model, basically focusing only at the extremes of each axis that could 

synthesise biphasic and discrete views. For instance, the SAM test (Bradley & Lang, 1994) 

allows for overcoming all linguistic/cultural biases produced by self-report methods but at the 

same time, simplifies all information about emotional term shades.  

Moreover, to simplify and to reduce the complexity of the emotions’ stimulation using 

different sensory modalities, several self-report scales have been created ad hoc for each 

sense (i.e., the Geneva Emotional Music Scales, Zentner, Grandjean, & Scherer, 2008; the 

Geneva Emotion and Odour Scale; Chrea, et al., 2009). These scales are used to more 

accurately measure the effects of sensory stimulation on emotions but they have the same 

limitation of the other common self-report questionnaires. 

What does the term “emotion” mean? How can emotions be categorized? Those 

questions surrounding the definition and categorization of emotions are still unresolved—a 

unique answer is still lacking. Self-report and physiological measurements could give the 

general idea of activation and valence of the emotional episode.  

 Nevertheless, the only way to delineate a precise schema of emotional activation in 

humans appears to be a combined use of more recent neurophysiological approaches and self-
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report and behavioural measurements. Such a schema may define at least the basic emotions, 

from both a neurological and a behavioural perspective. However, an important issue that has 

not received any attention in the literature is whether specific receptors of emotions can be 

identified in the human body. Particularly, pain and pleasure can be conceptualised as the 

extremes of a continuum defining the emotional experience. While pain receptors have been 

extensively investigated in previous research (e.g., see Hagelberg et al., 2004, for a review; 

Woolf, 2011), to the best of our knowledge, research has not been conducted on pleasure 

receptors (see Gallace & Spence, 2014; Kringelbach, & Berridge, 2009). Interestingly, 

neuroimaging studies have shown that positive and negative emotions can share networks of 

activation in the human brain, the amygdala appears to be involved in both these antipodes 

emotions (Hamann et al., 2002). 

 In conclusion, despite the enormous literature on the topic of emotion, the gap 

between knowledge from the methodologies of investigation of Social Science and 

Neuroscience still stifles the enormous potential of an integrated, multidisciplinary research 

on emotions. 
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CHAPTER 2 − Emotions and Consumer Behaviour 

2.1 Preface  

Since the dawn of the western philosophy, Greek philosophers have tried to explain 

not only emotions but also the intricate relation between emotions and cognition. Aristotle, 

for example, claimed that cognition is a structural part of emotion, whereas the extreme 

fringes of the Aristotelian interpreters suggested that emotions are an integral part of adaptive 

cognitive processing (Ogren, 2004; Sadler, 2007). Currently, this intricate relation still 

remains an engaging issue for scientists; in fact the number of studies on this topic is 

constantly increasing (Angie, Connelly, Waples, & Kligyte, 2011; Isen, 2000, 2001). 

Nowadays, the role of emotions in cognitive processes is widely accepted but it is still unclear 

whether this influence is disruptive or facilitative (Miller, Galanter & Pribram, 1960; 

Grecucci & Sanfey, 2013; Sanfey, 2007). Indeed, how cognition, which is usually associated 

with “rationality”, can interact with emotions and influence behaviour is not completely 

understood.  

The purpose of this chapter is to describe the role of emotions in decision-making 

processes related to consumer behaviour, highlighting the role of olfactory influences on 

them. The literature on emotions and decision-making in consumer behaviour is vast (cf., 

Han, Lerner, & Keltner, 2007; Shiv, & Fedorikhin, 1999). However, theoretical framework 

applied to the study of emotions in consumers is variegated and frequently based only on field 

studies. Moreover, laboratory studies have mainly focused on visual and auditory stimulation 

to elicit emotions and even few studies investigated the interactions among senses and 

emotions. With the aim to shed light on this topic, in this chapter, first a critical review of the 

most commonly used methods to elicit emotions in laboratory is presented. Thereafter, the 
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relation between olfaction and emotion is discussed. In particular, the olfactory system, the 

common neural networks between emotions and olfaction, the issues concerning the 

complexity of olfactory stimuli (i.e., odorants), and the issues related with the administration 

of those stimuli will be synthetically presented. 

2.2 The role of emotions in decision-making and consumer behaviour  

Since the beginning of the nineteenth century, the consumer has been considered to be 

a rational decision-maker, a “logical thinker” or “homo economicus”, attempting to maximize 

utility (Lebergott, 1993). However, it has become evident over the years that, in many 

contexts and in particular when emotions are involved, humans appear to be “irrational”, since 

they violate the assumptions that underlie the model of the homo economicus. Consequently, 

this early concept of a rational consumer gave way to new theorizations of consumers, 

singling out for the first time the concept of “bounded rationality” (Simon, 1972; 1986) to 

account to consumer choices. In fact, humans have limited computational/cognitive ability; 

therefore, in the decision-making process, consumers are often unable to evaluate and 

consider all the information at their disposal, and thus to act in a controlled rational way. In 

this new perspective of the consumers’ bounded rationality, the affective\emotional side of 

decision-making starts to receive more attention. Hence, the theoretical framework of 

consumer behaviour is currently focused on the “experiential view” of consumption, 

developed within the classic “human information processing” approach that, however, has 

been also widely criticized (Bettman, 1979). In this line, recent work provided both 

theoretical and empirical accounts about how affect influences consume choices (Shiv & 

Fedorikhin, 1999). For instance, Holbrook and Hirschman (1982) suggested, for the first time, 

the importance of this “experiential view”. The experiential aspects of consumption are 

crucial in the attempt to predict consumer behaviour, since they focus on the symbolic, 
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hedonic, and aesthetic nature of consumption (Pine & Gilmore, 1999, 2004; Schmitt, 2006;). 

Indeed, the “experiential view” is based on the paramount importance of emotions in 

consumer behaviour and consequently the role played by ambient variables acquired 

importance as well.  

As already discussed in Chapter 1, emotions drive humans’ behaviour. Clearly, 

consumption is part of humans’ behaviour. Figure 2.1 schematically depicts the model of 

consumer behaviour introduced by Chaudhuri (2006). This model is based on a simplification 

of factors that intervene in consumer decision-making, distinguishing between individual (i.e., 

personal) variables and contextual external (i.e., environmental) variables. Interestingly, this 

model positioned emotional and rational responses toward a stimulus (e.g., a product) at the 

same level. In fact, decision-making is frequently determined by an interaction between 

rational and emotional factors. Since the traditional models that were developed to explain 

behaviour (Ajzen, 1991; Fishbein & Ajzen, 1975) clearly showed that the best predictor of 

behaviour is the intention to act, it was added to the model proposed by Chaudhuri (2006) to 

fully explain consumer behaviour.   
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Figure 2.1 Model of factors intervening in consumer behaviour prediction (adapted from Chaudhuri 2006, p. 2 

with the addition of “intention”). 
 

Another interesting perspective highlighting the importance of the interaction between 

emotions and reasoning in the decision-making process was suggested by Kahneman (2003). 

Kahneman distinguished between “effortless intuition” and “deliberative rationality”. On one 

side, the “effortless intuition” is represented by highly accessible concepts related with the 

context (e.g., information coming from perception), which helps to explain some of the 

heuristic processes he described (Kahneman, 2003) and the effects they produce (e.g., the 

framing effect). This intuitive judgment frequently leads to biased choices. On the other side, 

“deliberative rationality” is represented by high-level cognitive processes of reasoning that 

operates on less-immediately accessible concepts (e.g., evaluation of alternative information 

or application of rules). In the “effortless intuition” concept more than in the “deliberative 

rationality”, emotions can frequently influence and promote/impair decision-making 

(Dommermuch & Millard, 1967; Isen, Shalker, Clark, & Karp, 1978; Donovan & Rossiter, 
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1982). However, those two concepts (i.e., intuition and rationality) can interact and act in 

synergy to help the decision-making process.  

The literature on emotions and decision-making in consumer behaviour is vast (cf., 

Han et al., 2007; Shiv, & Fedorikhin, 1999) and frequently it focuses on specific behaviours, 

such as decision under risk (e.g., monetary risk) (Lerner, & Keltner, 2001). In the present 

paragraph, the role of emotions in decision-making and behaviour will be sketched out in 

general terms, without focusing on a particular process or behaviour nor on a specific 

emotion. 

Recently, an increasing number of studies have investigated the decision-making 

process, with an emphasis on the impact of emotions from a neuroscience perspective 

(Sanfey, 2007). Emotions can influence human goals, attitudes, and social decision-making 

(Forgas, 2003; Zajonc, 2000). The limbic system is connected with the prefrontal cortex 

(PFC) (see Chapter 1, paragraph 1.4) by the cingulate cortex. It has been stated that this 

connection between limbic system and PFC allows for encoding the somatic markers of the 

automatic nervous system associated with emotions and, in parallel, for integrating those 

emotional responses into cognition in decision-making (Bechara, Damasio, & Damasio, 

2000). However, even with the employment of advanced neuroimaging techniques, the 

difficulty in isolating the neural substrates related with emotional reactions from the neural 

substrates related with decision-making is still problematic. This complexity gives more credit 

to the high interconnection between emotions and decision-making from a neural activation 

perspective (Phan et al., 2002).  

The function of emotions in decision-making has been explained not only from a 

neuroscience perspective but also through a cognitive perspective, including, for example, the 

above-mentioned somatic marker theory proposed by Damasio (Damasio, 1994; Reimann & 
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Bechara, 2010). So-called “somatic markers” (i.e., automatic physiological responses to 

emotional stimuli) stimulate cognitive processes and prompt decisions. This theory describes 

how the information coming from the somatic markers plays a role in the determination of 

cognitive processes and behaviour. Interestingly, these somatic markers can bias behaviour 

even unconsciously (Damasio, 1994; Damasio, Everitt, & Bishop, 1996). The somatic 

markers theory clearly represents an effort to integrate neurophysiological knowledge and 

cognitive/behavioural knowledge.  

Generally, marketers and psychologists have long known that consumers behave 

differently in good moods in comparison to bad moods; the main dimension of emotions that 

affect judgment seems to be, in fact, the valence (i.e., positive vs. negative emotions) rather 

than the specific emotion (e.g., fear, happiness, sadness, etc.) (Han et al., 2007). A recent 

work by Han, Lerner, and Keltner (2007) presented a new emotional framework (Appraisal-

Tendency) as a starting point to predict the impact of different emotions on consumer choices. 

In particular, this framework is based on appraisal dimensions, and not only on the valence 

dimension, of emotions and distinguishes two emotional influences on choice: (1) integral 

emotion, that is emotions raising directly and intrinsically from the judgement or the decision 

processes, for example the fear or anticipatory regret in gambling task that influences the 

willingness to gamble (see Loewenstein & Lerner, 2003 for an example); (2) incidental 

emotion, that is emotions raising from external and irrelevant to the task variables, such as, 

for example, listening to music while making a judgment. The emotions elicited by music and 

unrelated to judgments, nevertheless have an influence on it (see Schwarz & Clore, 1983 for 

an example). The suggested distinction between these two type of emotion effects on choices 

is comparable to the distinction made by Berkowitz (1993) between lower-order emotional 

reactions, raising from automatic and spontaneous processes (e.g., external stimuli like 
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music), and high-order emotional reactions, raising from reasoned and more high-level 

cognitive processes (e.g., conscious thinking) and they have different influences on choices 

(Shiv & Fedorikhin, 1999). As discussed above, processing resources are limited, so 

spontaneously-evoked emotions rather than cognitively-evoked emotions tend to have a 

greater impact on choices. 

In the present thesis, only these incidental emotions or lower-order emotional 

reactions are considered as factor promoting and influencing consumer behaviour. In 

particular, impulse buying of food products (see Chapter, 3) will be investigated as an 

instance of consumer behaviour. For example, it has been shown that, when this type of 

emotions comes into play, consumers are more likely to choose the alternative that is superior 

on the emotional dimensions directly related with a product of the store (e.g., ambient 

variables in the store such as music or smell) (Shiv & Fedorikhin, 1999).  

2.3 Emotion elicitation methods in laboratory conditions 

Emotions can be evoked by a large variety of stimuli. Consequently, a considerable 

number of strategies for eliciting emotions have been developed. Indeed, emotions can arise 

through a variety of modalities, though the present thesis agrees the perspective that all 

sensory domains are equally effective, with no predominance of any single sense (Coan & 

Allen, 2007).  

The concept of emotions elicitation can be discussed from different perspectives. For 

example, focusing on the type of emotions that would be evoked (e.g., happiness, sadness, 

fear, angriness, etc.), or focusing on the type of stimulus (e.g., sensory vs. memories). 

However, in the present work, only methods to elicit emotions in laboratory settings are 

discussed. Considering laboratory conditions, the most common emotion elicitation methods 

can be divided into two main categories: (1) perception-based or passive methods and (2) 
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expression-based or active methods (Kory & D’Mello, 2014). Passive methods are constituted 

by the presentation of external stimuli (e.g., images, film clips, music, putting a hand in ice-

cold water, etc.) to participants; those external stimuli are specifically designed to evoke 

particular emotional states or moods. In contrast, in the context of active methods participants 

are instructed to interact with other people in order to recall emotionally relevant private 

episodes (e.g., the loss of a beloved person, scary or anxiety-inducing situations, etc.), or to 

perform particular behaviours that are spontaneously related to specific emotions (e.g., body 

postures, using certain facial muscles, etc.).  

In the present thesis, attention is focused exclusively on discussing the passive 

methods due to the fact that passive methods are more adequate in the field of consumer 

behaviour research. In fact, those methods allow for perfectly controlling the administration 

of the stimuli in addition to be more similar to what can happen in a real situation of 

consumption (e.g., think about the environment in a point of purchase). In particular, the great 

variety of laboratory contexts in which emotions can be induced (Lacey, 1967) are 

investigated only in terms of olfactory stimuli (e.g., food-related smells), auditory stimuli 

(e.g., arousing and relaxing music) and affective images (e.g., pictures with different contents 

of valence; see Chapters 3 and 4).  

The most common paradigms used to induce emotional reactions in 

psychophysiological studies have involved perception, anticipation, imagination, or action 

(not necessarily in a mutually exclusive way; see Bradley & Lang, 2000, p. 583). Paradigms 

involving perception and anticipation belong to the category of passive methods, whereas 

imagination and action are part of the active methods. With regard to the passive methods, 

perception-related elicitation refers primarily to affective responses triggered by sensory 

information (i.e., vision, audition, olfaction, touch and taste) that is presented to participants. 
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Anticipation-related elicitation refers to the emotional reactions that are elicited during an 

interval (anticipatory cue) in which participants are waiting for the presentation of an affective 

target stimulus (e.g., lights or pictures or cued rewards or gambling tasks). Those anticipatory 

cues have a critical role in modulating conditioning effects (Stern, 1972) (e.g., by increasing 

attention toward affective target stimulus) and the specificity of the anticipation can directly 

affect the anticipatory reactions. Indeed the anticipatory cue can be related/specific or non-

related/non-specific to the upcoming affective stimulus. 

With regard to the active methods, imagery-related elicitation refers to the mental 

retrieval or the mental creation of emotional events. Those events can be either completely 

fictional (i.e., they have not been experienced by the participants in real life) or non-fictional 

(i.e., they have been personally experienced by the participants). Previous research suggests 

that imaginary cues (Jones & Johnson, 1978) produce stronger physiological responses in 

participants than exposure to passive scenes (Miller et al., 1987; Lang et al., 1980). Not 

surprisingly, participants typically exhibit stronger physiological responses after retrieving 

events that they have personally experienced compared to when they imagine events that are 

not personally relevant (Miller et al., 1987).  

Moreover, passive methods to elicit emotions could be used without the awareness of 

participants. In fact, it is important to mention that emotions can be elicited by subliminally 

presented stimuli that do not reach consciousness of the participants (Flykt, Esteves, & 

Öhman, 2007; Öhman, Carlsson, Lundqvist, & Ingvar, 2007; Wiens, Peira, Golkar, & Öhman, 

2008).  

Next, a review of the most commonly used typology of emotion induction methods is 

presented. This review is based on an extensive work done by Kreibig (2010) that reviewed 

134 experimental studies on automatic nervous system responses to emotion elicitation. From 



 

48 

 

this review and from other works on emotion elicitation (Coan & Allen, 2007; Martin, 1990; 

Kory, & D’Mello, 2014), it became clear that the passive method – perception- or 

anticipation-related elicitation – most commonly used for inducing emotions in the laboratory 

are: (1) emotional film clips (Adamson et al., 1972; Averill, 1968; Baldaro et al. 1996, 2001; 

Boiten, 1998; Rottenberg, Ray, & Gross, 2007; Britton et al., 2006; Christie & Friedman, 

2004; Codispoti, Surcinelli, Baldaro, 2008; Demaree, Schmeichel, Robinson, & Everhart, 

2004; Eisenberg et al., 1988; Fredrickson & Levenson, 1998; Gilissen et al., 2008; Gilissen et 

al., 2007; Gross, 1998; Gross, Fredrickson, & Levenson , 1994; Gross & Levenson, 1993, 

1997; Gruber, Johnson, Oveis, & Keltner, 2008; Harrison et al., 2000; Hubert & de Jong-

Meyer, 1990, 1991; Kaiser & Roessler, 1970; Kreibig, Wilhelm, Roth, & Gross, 2007; Kring 

& Gordon, 1998; Kring & Neale, 1996; Kunzmann & Grühn, 2005; Kunzmann, 

Kupperbusch, & Levenson, 2005; Luminet, Rimé, Bagby, & Taylor, 2004; Marsh, 

Beauchaine, & Williams, 2008; Montoya, Campos, & Schandry, 2005; Palomba et al., 2000; 

Palomba & Stegagno, 1993; Rimm-Kaufman & Kagan, 1996; Ritz, George, & Dahme, 2000; 

Ritz et al., 2005; Rohrmann & Hopp, 2008; Rottenberg, Salomon, Gross, & Gotlib, 2005; 

Rottenberg, Wilhelm, Gross, & Gotlib, 2003; Sternbach, 1962; Theall-Honey & Schmidt, 

2006; Tourangeau & Ellsworth, 1979; Tsai, Levenson, & Carstensen, 2000; Tsai et al., 2003; 

Vianna & Tranel, 2006; Waldstein et al., 2000); (2) pictures viewing (Aue, Flykt, & Scherer, 

2007; Lang & Bradley, 2007; Bernat, Patrick, Benning, & Telligent, 2006; Bradley et al., 

2001; Codispoti & De Cesarei, 2000; Collet, Vernet-Maury, Delhomme, & Dittmar, 1997; 

Dimberg, 1986; Dimberg & Thunberg, 2007; Jönsson & Sonnby-Borgström, 2003; Klorman 

Weissberg, & Wiesenfeld, 1997; Lang, Bradley, & Cuthbert, 1993; Ritz, George, & Dahme, 

2000; Ritz, Thöns, Fahrenkrug, & Dahme, 2005; Sokhadze, 2007; Vrana & Gross, 2004; 

Williams et al., 2005; Winton, Putnam, & Krauss, 1984); (3) odorants (Alaoui-Ismaïli et al. 
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1997a; Robin, Alaoui-Ismaïli, Dittmar, & Vernet-Maury, 1998); (4) music (Etzel et al., 2006; 

Khalfa et al., 2008; Krumhansl, 1997; Nyklicek, Thayer, & Van Doornen, 1997).   

The use of passive methodologies to elicit emotions in laboratory settings allows for 

controlling many details about the stimulus, for example, the duration of the stimulus 

presentation, and the number of repetitions. For this reason, Rottenberg et al. (2007) 

suggested that procedures to induce emotions differ from each other in terms of seven key 

dimensions: (1) intensity (e.g., how strong and varied are the response strength and breadth); 

(2) complexity of the stimulus (e.g., film clips would be stimuli with high complexity); (3) 

attentional capture (e.g., masked or subliminal stimuli request limited demands from 

participants instead of complex stimuli such as film clips vision); (4) demand characteristics 

(e.g., pictures with erotic content differs from pictures with puppies); (5) standardization (e.g., 

the potential replication of the stimulus in the same manner by studies done by different 

experimenters or using various paradigms); (6) temporal consideration (e.g., emotions are 

rapid phenomenon but emotional reactions timing is highly correlated with stimulus type); (7) 

ecological validity (e.g., stimuli that can elicit emotions in everyday life).  

For instance, the picture stimuli commonly used as emotional triggers were classified 

and standardized in the International Affective Pictures System (IAPS, Lang, Bradley, & 

Cuthbert, 2005). This large set of coloured pictures currently includes around 1000 prototypes 

of human experience that refer to pleasure, arousal, and dominance. The IAPS pictures were 

selected and standardized based on female and male ratings in different countries; each 

picture of the IAPS is numbered (using 4 digits) and catalogued according to the mean and 

standard deviation of the affective rating (i.e., valence, arousal, and dominance). 

Unfortunately, this classification and standardization process turns out to be different and 

often more complex in case of other sensory modalities. For instance, some studies have 
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shown that, when using music as an emotional trigger (Scherer, et al., 2013; see Scherer & 

Zentner, 2001 for a review), certain structural properties of music can be regulated and 

controlled to elicit specific emotions (Gabrielsson & Lindström, 2010). For example, 

characteristics such as tempo can be varied to affect emotional valence and arousal response 

(Balch & Lewis, 1999; Gabrielsson & Lindström, 2001; Thompson & Robitaille, 1992). With 

the aim to create a set of affective stimuli comparable to the visual stimuli in the IAPS, 

emotion researchers have developed the International Affective Digitized Sound System 

(IADS) (Bradley, & Lang, 1999). This system provides a set of acoustic emotional stimuli for 

experimental studies and consists of 111 sounds varying along the affective dimensions of 

valence, arousal, and dominance. In the emotion literature, music has been generally assumed 

to convey emotional meaning (see Juslin & Laukka, 2003 or Juslin & Sloboda, 2010 for 

reviews). In an attempt to mirror the IADS, other studies have tried to classify and group 

music as a function of the emotion it primarily induces. A series of music features are 

manipulated with this aim: (1) the listening context (e.g., location), (2) the performing 

features (e.g., type of instrument, interpretation of the player, volume or pitch of the sound), 

(3) the listener features (e.g., expert or non-expert), and (4) the contextual features (e.g., 

aspects of performance) (Scherer et al., 2013). However, with olfactory stimuli the 

classification is more complex and the experimental control of affective olfactory stimuli is 

more difficult because of the more complex nature of odorants and odour perception. We are 

still far away from a classification or standardization of those types of stimuli (see section 

2.4.3 for a detailed discussion).  
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2.4 The smell of emotions 

Olfaction has been defined as the “poet” of sensory systems (Kay, 2011); it is much 

more than the simple detection of the stimulus in the surrounding ambient. Primarily, the 

detection of the chemicals present in the environment is a critical function for the survival of 

animals and humans. Secondly, odours can be viewed as a combination of chemical 

components (i.e., external molecular components) and internal learnt meaning associated to 

them. When it comes to olfaction, internal states can be defined as an activation pattern 

generated by the olfactory system due to contextual factors, internal predispositions, and 

learnt associations (e.g., food odour can generate hunger or nausea depending on whether 

people are satiated or whether people have associated this food smell with a bad event). Thus, 

the chemical molecules are only partially part of the stimulus. The olfactory system tends to 

complete the “sniffing process” by generating the appropriate associated internal components 

(Yeshurun & Sobel, 2010). In fact, even information evoked by the olfactory stimuli is more 

complex to elaborate in comparison with other information evoked by other sense. Recently, a 

study (Larsson, Willander, Karlsson, & Arshamian, 2014) has shown that personal 

information evoked by olfactory stimuli is different from information evoked by the primary 

senses (i.e., sight and hearing).  

Interestingly, in many animals, besides the common olfactory system dedicated to 

discriminate odours, a second olfactory system has developed which is dedicated to find 

receptive mates, the so-called vomeronasal organ (VON). The VNO is an accessory olfactory 

system that is separated from the main olfactory epithelium (Firestein, 2001; Keller & 

Vosshall, 2008). This system is fundamental for recognising species-specific olfactory signals 

in order to regulate sexual behaviour (e.g., information about hormonal level, productivity 

state, and availability) and other social behaviours (e.g., territoriality and aggression). In 
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parallel, in humans the VNO is vestigial in the embryonic phase and seems to disappear 

before birth. For this reason, although humans are lacking this accessory olfactory system, the 

sense of olfaction plays a main role in many humans’ behaviours (see Meredith, 2001 for an 

extensive review). One of the evidences of this paradox is the influence of pheromones on 

human behaviour (Rodriguez, Greer, Mok, & Mombaerts, 2000). In fact, the encoding of 

pheromones is mainly correlated to the VNO (Knecht, et al., 2003).  

In general, discriminating between pleasant and unpleasant smells is of primary 

importance for humans and other mammals (Khan et al., 2007). Emotional responses are 

commonly associated with odour perception (Savic, 2005); indeed, olfaction has always been 

considered to be an important sensory system for emotions (Yeshurun & Sobel, 2010). The 

response to odorants seems to be primarily emotional (Chu & Downes 2002, Epple & Herz 

1999, Herz, Eliassen, Beland, & Souza, 2004; Herz 2004, Herz & Cupchik, 1995, Herz & 

Schooler, 2002; Kirk-Smith et al., 1983). In fact, notice that odorants can both attract and 

repel. Pleasantness is the principal dimension in both emotion (Fontaine, Scherer, Roesch, & 

Ellsworth, 2007) and olfaction (Khan et al., 2007). Indeed, unpleasant odours often signal 

danger, thus requiring a rapid decision, while pleasant odours may differently attract our 

attention, therefore promoting an approach to the source of odours. In evolutionary terms, the 

capacity to move away from unpleasant odours and to move toward pleasant odours might 

also be crucial. This basic emotional response to odour can be easily compared to the two 

motivational systems of emotions (i.e., appetitive and defensive or “flight or fight”, see 

chapter 1) (Bradley et al., 2001; Frijda, 1986; Lang et al., 1997). Emotional valence is crucial 

in the processing of smell; humans even involuntarily categorize odours according to 

pleasantness (Bensafi et al., 2002b, 2003).  
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Interestingly, odour is part of the sensory channels involved in human communication, 

with an importance similar to vision and audition (Haviland-Jones & Wilson, 2010; Yeshurun 

& Sobel, 2010). Odours are a communication tool and, at the same time, a device to elicit 

emotions. Even if humans are not aware of their own abilities in olfaction (Sela & Sobel, 

2010; Lundström, Boyle, Zatorre, & Jones-Gotman, 2008), they indeed have an extraordinary 

sense of smell (Shepherd 2004; Zelano & Sobel, 2005). For instance, as body odours carry 

unique information about an individual, they represent the chemical basis of human 

communication (Lundström & Olsson, 2010; Pause, 2012) at the same level and importance 

of auditory or visual modalities (Semin, 2007). Chemical signals serve a variety of 

communicative functions (Semin & de Groot, 2013). Semiochemicals can influence 

emotional pre-attentive processes and affect emotions and high-level cognitive processes 

(Haviland-Jones & Wilson, 2010). Interestingly, people seem largely unaware that they 

themselves produce chemo-signals and that, at the same time, they are influenced by the 

chemo-signals produced by others. For instance, humans can detect the smell of fear in human 

sweat (Ackerl, Atzmueller, & Gramme, 2002; Chen & Haviland-Jones, 2000; de Groot, 

Semin, & Smeets, 2014), they select mates in function of body-odour compatibility 

(Wedekind & Füri, 1997), women have been observed to synchronize their menstrual cycle 

based on olfactory cues (Stern & McClintock, 1998), babies as young as six days can 

distinguish the smell of breast-feeding mothers from other mothers (Macfarlane, 1975; 

Schaal, 1986), and older kids can discriminate between the unique smells of their close 

friends (e.g., 9 years old) (Mallet & Schaal, 1998). 

The dual function of olfactory stimuli (i.e., as a tool to communicate and as influence 

of emotions) will be studied and presented more extensively in Chapter 3.  
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2.4.1 The olfactory system  

Compared to the olfactory system of most mammals, the human olfactory system is 

less developed (Stevenson, 2009). The term “olfactory system” does not only refer to one 

system but can refer to three distinct systems: (1) the actual olfactory system, (2) the 

trigeminal system (i.e., somatic arousal detection as temperature or pain; see Brand, 2006 for 

a review), and (3) the vomeronasal organ (see section 2.4) (Haviland-Jones & Wilson, 2010). 

In the present paragraph, only the actual olfactory system is presented, which is traditionally 

called and recognise as the olfactory sensory system. 

The olfactory system is composed of about 1.000 odorant receptors on the epithelium 

lining (3cm2) inside the nasal cavity; most of the odour molecules are detected by more than 

one receptor (Nef et al., 1992; Vassar et al., 1994). In fact, most receptors recognize several 

odours by detecting their corresponding chemical properties. The axons of the afferent 

sensory neurons merge to form the olfactory nerve, which, passing through the cibriform 

plate, distributes over the olfactory bulb (Mori & Sakano, 2011). For a detailed overview of 

olfaction and olfactory circuits see Mobley, Rodriguez-Gil, Imamura, and Greer (2014), Sela 

and Sobel (2010), and Yeshurun and Sobel (2010). In the olfactory bulb, different areas are 

sensitive to distinctive features of odours’ molecules; this multiple activation process leads to 

a vast combinatorial strategy in the encoding of the stimulus to the sensing of smells. The 

olfactory epithelium in the nasal cavity is relayed to the olfactory bulb, which projects directly 

to the primary olfactory cortex, in an ipsilateral modality (Brand, 2006). Interestingly, studies 

have shown how odour concentration enhances odour processing at the level of the 

epithelium; in particular, unpleasant odours generated larger amplitudes in comparison to 

pleasant odours (Lapid et al., 2009). In the present work, how the olfactory information is 

mapped in the brain is not discussed, a detailed discussion of the topic can be found in other 
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reviews (Buck, 2000; Mombaerts, 1999). Nowadays, thanks to the techniques of modern 

molecular genetics, the organization of the stimulus inputs coming from the olfactory bulb is 

known. Ressler, Sullivan and Buck (1994) provided evidence that information from widely 

distributed sensory receptors in the nose is transformed, thanks to the olfactory bulb, into a 

highly-organized spatial map in the olfactory cortex. However, the meaning of that variegated 

stimulus and the subsequently activation of physiological processing, in the bulb and in higher 

cortical levels then, still remain unknown. As suggested by Firestein (2001), the issues about 

‘how the human smell’, and how the unconscious process of olfactory perception is working 

are still not completely understood. Indeed, conscious awareness is not a prerequisite for 

eliciting physiological and emotional responses via olfaction (Bensafi et al., 2002a). 

2.4.2 Common brain networks between emotions and odours 

The olfactory sense is defined as an emotional system (Lundström et al., 2008). A 

number of neuroscience studies have shown that certain brain areas are activated both in 

odour processing and in emotional processing (Ehrlichman & Bastone, 1992), mainly in the 

common neural substrate of the limbic system (LeDoux, 2012). These common areas are: 

amygdala, hippocampus, insula, anterior cingulate cortex and orbitofrontal cortex (Price, 

1999; Rolls, 2004; see Soudry et al., 2011 for a review). In particular, the projections between 

the amygdala and the orbitofrontal cortex, which are implicated in emotion processing (Bass, 

Aleman, & Kahn, 2004; Britton et al., 2006), are bidirectional. The amygdala is involved in 

odour intensity perception, odour hedonic judgment, and odour memorization tasks (Pouliot 

& Jones-Gotman, 2008). 

Emotional responses are commonly associated with odour perception (Savic, 2005). 

Indeed, odour may have emotional responses even when presented under the absolute 

detection threshold. In fact, the amygdala is activated at the most primarily level of smell 
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processing. Another indication of the close relation between olfaction and emotion comes 

from clinical psychology: Olfactory disorders are regularly observed in case of depression or 

schizophrenia (Schneider et al., 2007). This finding suggests that the brain regions impaired 

by those types of disorders play a role in processing both emotion and odour.  

Additionally, odours and emotions seem to share the difficulty to be accurately 

recalled (Yeshurun & Sobel, 2010). The topic on what can be exactly recalled by the olfactory 

imagery has been debated (Stevenson & Case, 2005), but what seems to be prevalent recalled 

is the mainly pleasantness/unpleasantness valence associated with the odour (Bensafi et al., 

2003b; 2007).  

2.4.3 The complexity of olfactory stimuli and the diffusion issue  

The main issue in olfaction research is the so-called “stimulus problem” (Auffarth, 

2013). This problem is related to the fact that olfaction completely depends on sensing 

chemical molecules in the environment. Thus, the complexity of the olfactory stimulus is due 

to the mixture of the chemical molecules that compose each odorant. The term “odorant” is 

used as a synonym of olfactory stimulus; therefore odorant refers to any substance that has a 

distinctive smell and it is constituted by distinctive chemical components. 

The olfactory threshold is another crucial issue regarding olfactory stimulation. Other 

concepts frequently used as synonymous for olfactory threshold are flux or concentration of 

odorants over time (Firestein, 2001). Interesting, the olfactory thresholds measured in humans 

by means of psychophysical instruments are frequently lower than the thresholds detected in 

single-cell recordings (Firestein, 2001). This can be explained with the complexity of the 

olfactory decoding process. In fact, a study by Sobel et al. (2000), considering the assumption 

of a nostril differentiation in the air flow-rate, suggested that the intensity and the duration of 

the sniff are fundamental to investigate the olfactory threshold. Moreover, in order to 
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transform and encode the chemical components of odorants into the real perception of smells, 

more than one olfactory receptor and the epithelium nostril area need to be activated. The 

activation of combined areas needs relatively high in temporal resolution and integration time. 

This can suggest that the olfactory system is less quick than vision or audition. In humans, 

this consideration can be true only in the case of complex odours. Indeed, in this case, the 

olfactory perception starts with a slow timescale due to the numbers of chemical components 

that need to be encoded (Bowman, Kording, & Gottfried, 2012; Laing & Francis, 1989). 

However, literature on the olfactory threshold is very controversial, as variations in 

experimental protocols (i.e., method of stimulation, method of stimulus dilution, volume of 

inhalation and number of trials presented) often yield different detection thresholds for 

odours. Similarly, detection thresholds depend on variations in the effectiveness/potency of a 

specific chemical component to stimulate an effect on the nasal tissues (Abraham, Sánchez-

Moreno, Cometto-Muñiz, & Cain, 2011; Cometto-Muñiz & Abraham, 2008; Pierce, Doty, & 

Amoore, 1996). Recently, two protocols tested a large number of chemicals (> 60) using a 

standardized method. These two methods are the Japanese triangle odour bag (Nagata, 2003) 

and the odour squeeze bottle (Cometto-Muñiz & Cain, 1990; Cometto-Muñiz, 2001). The 

Nagata method covered 223 chemicals, whereas the odour squeeze bottle covered 59 

chemicals. The Nagata method works on a concentration descending method (see 

http://www.env.go.jp/en/air/odor/olfactory_mm/01method_2-2-2.pdf for a detailed 

description of the method) as well as the second method (see Cometto-Muñiz & Cain, 1990 

for a detailed description of the method). The descending methods are based on the constant 

reduction of the odour’ concentration to test which are the participants’ threshold. This 

descending method is particularly useful to avoid adaptation in the participants (Cain, 1989). 

Starting from the findings of those two methods, Abraham et al. (2011) tried to create an 
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algorithm to predict the values of the odour thresholds. This algorithm is able to detect 353 

odour thresholds in humans, which makes it a useful tool to use as a starting point for 

investigating complex odorants and their thresholds. In the present thesis, the issue of 

threshold level is not taken in account and only odorants above the detection threshold are 

used in the experimental studies (see chapters 3, 4, and 5).  

In addition, the feature that is really relevant to control using olfactory stimuli in a 

laboratory setting is not the quantity of smells that humans can detect (e.g., same relevance of 

determining how many colours we can see) but the chemical components that act upon the 

nasal tissue (e.g., certain volatility, solubility and stability). Taking into account the chemical 

components of the olfactory stimuli leads immediately to another issue: the intensity of those 

olfactory stimuli. The perception of the quality of an odour can change as a function of the 

stimulus intensity. Certainly, the perceived intensity of the odour depends on its concentration 

and the pressure with which it is diffused. Some studies have shown that, when the 

concentration of an odorant increases, additional glomeruli are recruited into the detection of 

the stimulus; in other words new receptors are activated following an increase in 

concentration (Rubin & Katz, 1999). That is, the exposition to highly concentrated smell can 

reduce the threshold of the olfactory detection (Fasunla et al., 2014). Amongst all odour 

attributes, odour concentration is a paramount attribute driving the olfactory detection process 

(Laing, 1983; Frank, Dulay, & Gesteland, 2003; Johnson, Mainland, & Sobel, 2003) and 

inducing by itself activation in the human primary olfactory cortex (Sobel et al., 1998).  

To limit the impact of the issues discussed in the present paragraph (i.e., intensity 

issue, concentration issue), a computer-controlled olfactometer was built (see Figure 2.2) to 

carry out the studies discussed in the present thesis. By using this instrument in order to 
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diffuse smells, the quantity, intensity, saturation, and duration of the olfactory stimulus 

presentation can be regulated and strictly controlled.  

In addition, the olfactometer permitted the delivery of odourised and odourless air. 

Specifically, the olfactometer is composed of three electro-valves activated via a parallel-port 

computer-controlled system, connected with a tank of compressed medical air (capacity 5 l at 

300 Bar, N. ONU 1002, class 2, GASTEC-VESTA® S.r.l.). The inflow of compressed air 

was controlled by directing the airflow into one of the three valves (each valve can be on-off 

activated, 0-8 Bar). The airflow was usually set at a constant pressure of 0.2 Bar-l/min (see 

chapters 3, 4, and 5 for additional details), through a manometer (0-10 Bar, Tecnocryo Harris 

Aria, En. 562). Each of the valves is connected to a small glass bottle that contains one 

odorant. All airflow pathways are carried through odourless plastic tubes with a diameter of 4 

mm. The odour can reach the participants’ nose through a medical mask or be diffused 

directly in the ambient. 
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Figure 2.2 Custom-built olfactomter. (A) Internal view of the olfactometer. Three electro valves and the way-in 

air pressured stabilizer. (B) The experimental setting. The olfactomer is connected with the air-compressed tank 

and the small glass bottle placed under the desk. 

 

Participant adaptation is another important issue that must be considered when using 

olfactory stimuli. The magnitude of such a habituation effect is highly correlated with the 

intensity and valence of an odorant. On the one hand, olfactory adaptation can lead to a 

decrease in the perceived intensity of odorants (Cain, 1969; Frank, Dulay, & Gesteland, 

2003). On the other hand, the persistent and repeated exposure to odorants induces affective 

habituation of perception (Ferdenzi, Poncelet, Rouby, & Bensafi, 2014). That is, odours are 

perceived differently in relation to their valence. Indeed, unpleasant olfactory stimuli lead to 

increase attention, due to the connection with potential dangers. However, repeated 

A B 
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presentations seem to reduce emotional saliency. This has been shown, for example, by the 

decrease of neural activation during persistent and repeated smelling of unpleasant odours 

(Croy, Maboshe, & Hummel, 2013). In addition, a recent study has demonstrated that the 

neural activity decrease is not only related to repeated smelling of negative odorant stimuli 

but also to repeated smelling of positive odorant stimuli (Ferdenzi, Poncelet, Rouby, & 

Bensafi, 2014).  These findings are in line with a pioneer work by Cain and Johnson (1978) 

that suggested how repeated exposure can shift the pleasantness ratings of odours toward 

neutrality (i.e, a phenomenon called “affective habituation”). In particular, frequent 

repetitions of a pleasant odour typically lead to a decrease in perceived pleasantness; 

conversely, repetitions of unpleasant odours lead to an increase in perceived pleasantness. 

Consequently, in all the three experimental studies that will be presented in the next chapters, 

the odorants were always presented at regular intervals instead of providing continuous 

stimulation lasting throughout the experimental session to avoid any problems of perceptual 

habituation. 

2.5 The influence of cross-modal interactions on consumers’ emotions and 

behaviour 

Cross-modal integration and correspondences between different sensory modalities 

have been extensively studied (see Spence, 2011 for a review). However, the effect of 

crossmodal integration and correspondences on emotions has received only scant scholarly 

attention. This is surprising, given that the integration of emotional cues across different 

modalities plays an important role for human survival. In fact, emotional responses and 

expressions are the result of the diverse information sources present in the surrounding 

environment (Griffiths & Scarantino, 2009; Smith & Semin 2004; Semin & Smith 2013). 

Many studies in the field of affective science have primarily investigated the interaction 
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between audition and vision (Magnée, Gelder, Van Engeland, & Kemner, 2007). Over the last 

few years, research on the effects of the olfactory modality in interaction with other senses on 

emotions or on cognitive performance has focused exclusively on the emotion of fear (cf. 

Chen, Katdare, & Lucas, 2006; Partan & Marler, 2005). For instance, a study by Zhou and 

Chen (2009) showed how an emotion signalled by one sense can modulate the same kind of 

emotion perceived in another sensory modality. Using a purely female sample, the authors 

investigated the interaction between olfactory cues (i.e., fearful sweat) and the perception of 

expression in faces (i.e., faces featuring an ambiguous vs. easily discernable expression). 

Those findings provided evidence that fear-related chemosignals modulate the perception of 

visual affective stimuli, a finding that is supported also by a recent study examining the 

interaction between olfactory and audiovisual (in-)congruent information on fear response (de 

Groot et al., 2014). In their study, de Groot and colleagues (2014) argued that emotions can be 

communicated not only via visual and verbal/linguistic cues, but also through the olfactory 

modality; specifically, olfactory fear signals may induce fear in an unconscious way. More 

generally, the response to threat signals is enhanced when communicated by a combination of 

more than one sensory modality (Partan & Marler, 2005).  

Humans rely on the successful integration of multiple sensory signals to function 

adequately (Schaal & Durand, 2012). In the consumer field, the multimodal elicitation of 

emotions and the coordinated presentation of multisensory cues are especially important to 

reach the consumers’ emotion and thus influence their evaluations and decision processes. 

Indeed, a number of studies has investigated direct effects of ambient conditioning and 

multi-sensory stimulation on consumer behaviour (Kotler, 1973; Belk; 1975; Markin, Lillis, 

Narayana, 1976; Gordon, 1989; Donovan & Rossiter, 1982; Babin, Darden & Griffin, 1994; 

Boedeker, 1995; Tai & Fung, 1997; Van Kenhove & Desrumaux, 1997; Hui, Dube & Chebat, 
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1997; Wakefield & Baker, 1998; Castaldo & Botti, 1999; Daucé & Rieunier, 2002). However, 

only few studies have highlighted the importance of the ambient variables on emotional 

reactions of consumers (Sherman & Smith, 1987; Donovan, Rossiter, Marcoolyn, & Nesdale, 

1994). From those referred studies can be argued that store “atmospherics” (Kotler, 1973) 

may affect consumers via two parallel routes: 1) a direct route (store atmospherics directly 

influence behaviour) and 2) an indirect route (store atmospherics influence behaviour through 

their effect on emotions (see Spence, Puccinelli, Grewal, & Roggeveen, 2014 for an extensive 

review). However, studies that investigated the effect of olfactory influences on consumer 

behaviour are limited (Bone & Scholder, 1994; Gulas & Bloch, 1995; Mitchell, Kahn & 

Kanoska, 1995; Morrin & Ratneshwar 2000; Spangenberg, Crowley, & Henderson, 1996; 

Spangenberg, Grohmann, & Sprott, 2005; Spangenberg, Sprott, Grohmann, & Tracy, 2006). 

Cross-modal interactions between audition, olfaction, and vision in the case of 

arousing emotions will be discussed in more detail in the experimental study presented in 

Chapter 4. 

2.6 Do emotions work as a heuristic in consumer behaviour? 

Emotions are an important source of information for humans in general and especially 

for consumers (Bagozzi, Gopinath, & Nyer, 1999; King & Slovic, 2014). The consumer’s 

evaluation process is driven by, and refers to, an emotional reaction toward the stimulus (e.g., 

a product, a brand, or a shopping ambience; Schwarz & Clore, 1988). This evaluation process 

is primarily guided by the valence associated to the stimulus (e.g., pleasure and good vs. 

unpleasant and bad; Finucane, Alhakami, Slovic, & Johnson, 2000). In the present work, the 

term “emotions” do not refer to the affective evaluation toward the target (e.g., a stimulus 

object such as a product), but mainly to the consumer’s emotion not related to a specific 

object. This affective evaluation is a crucial construct in decision-making	
   (Zajonc, 1980; 
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Kahneman, 2003; Peters, Västfjäll, Gärling, & Slovic, 2006; Clore & Huntsinger, 2009) and 

consumer behavior in general (Andrade, 2005). In fact, frequently consumers are not able to 

process all available information when evaluating and making decisions (see paragraph 2.2), 

for this reason consumers try to compensate for that lack. Emotions can drive, stimulate, and 

can be used to justify choices. Rather than scrutinizing all available information, consumers 

often deduct information from their emotions that is used as a mental shortcut to simplify 

decisions. These mental cognitive shortcuts are known as heuristics (Gigerenzer, & 

Gaissmaier, 2011; Schwarz & Clore, 1983; Tversky & Kahneman, 1974). 

It should be noted that the effects of emotions on consumer behaviour and intention to 

purchase are strongly dependant on the consumers’ perception of product category 

involvement and product value (i.e., high vs. low involvement) (Traylor, 1981; Dittmar, 2000, 

2001; Dittmar, Beattie, & Friese, 1996). In fact, the cognitive route of elaboration in the case 

of low involvement products has only a secondary role. In the classical attitude model 

(Solomon, 1997; Olivero & Russo, 2013), the low-involvement hierarchy together with the 

experiential hierarchy are the two main types of hierarchies forming attitudes in which 

emotions can play a crucial role. Particularly, this classical model suggests that (1) beliefs or 

cognition, (2) affect, (3) and behaviour are components of the attitude object (e.g., products or 

brand; Pachauri, 2002). The order of influence of such components defines the type of 

hierarchy or sequence for attitude formation (Solomon, 1997). In the low-involvement 

hierarchy (i.e., components order 1-3-2), consumers form attitudes by accumulating 

knowledge with regard to less information about product that lead immediately to create an 

emotional preference for that product. Contrary, in the experiential hierarchy (i.e., 

components order 2-3-1), consumers form attitudes developing an emotional preference 

toward a product thanks to intangible attributes of the product itself or of the point of 
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purchase. This emotional preference leads consumers, only after behaviour-related response, 

to cognitively evaluate information about product (Solomon, Bermossy, & Askegaard, 2002).   

In consumer behaviour, emotions influence high-level cognitive processes. Some 

studies have shown that positive emotions improve cognitive capacity (Mackie & Worth, 

1989, 1991) and motivation (Isen & Reeve, 2005; Schwarz, 2002), suggesting that positive 

emotions lead to using more cognitive heuristics (Isen, 2000, 2001, 2008). Consumers can 

employ positive emotions differently. On one side, consumers frequently use information 

available about a target object to draw inferences about the target’s attributes. Paradoxically, 

consumers are looking for a source of information even to a higher degree when information 

is unavailable (Huber & McCann, 1982; Kivetz, & Simonson, 2000; Levin, Johnson, & 

Faraone, 1984). This missing information may negatively bias consumers evaluation 

processing (e.g., Huber & McCann, 1982; Johnson, 1987; Johnson & Levin, 1985; Nagpal, 

2011). However, at the same time, this lack of source information can be perfectly 

compensated by the emotional state of the consumers (Noda, Takai, & Yoshida, 2007); this 

emotional state can be modulated and influenced by ambient variable at the point of purchase 

or by intrinsic characteristics of the products (e.g., colour, shape, odours, materials etc.; 

Spence & Gallace, 2011). On the other side, consumers can select and process information to 

rationally justify emotional instinctive choice (Damasio, 1994; Lindstrom, 2008; Pham, 

2007). In this perspective, consumers could buy products not only after having processed the 

main available information related to products’ characteristics but also when stimulated by the 

emotional sources in the surrounding environment or by the product itself. Consequently, 

consumers could retrieve only ad hoc information to rationally justify the instinctive choice.  

In sum, emotions are frequently used as a heuristic thanks to which humans can 

quickly interact with the surrounding environment. This function of emotions is particularly 
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useful if activated in the context of the consumer behaviour decision process (Argyriou, & 

Melewar, 2011; Zurawicki, 2010).   

2.7 Conclusion and discussion  

The literature review on emotions and consumer behaviour clearly shows a lack of 

studies accounting for the importance of multi-sensorial integrations in the definition of 

consumers’ behaviour. Human evaluation of object and events in the surrounding ambient 

completely depends on the information reaching our senses (Driver & Spence, 2000). Indeed, 

consumers generally perceive the world in a multisensory way, and the interaction between 

sensory information can differentially influence emotional response. Research has shown that 

environmental cues can influence consumers’ emotions, decisions, and experiences (see, e.g., 

Schifferstein, Talke, & Oudshoorn, 2011). Most of these studies, though, have focused on a 

stimulus-response (S-R) approach, in which environmental variables exert an influence on 

attitudes (e.g., satisfaction) and behaviour (e.g., buying; Mehrabian & Russell, 1974). 

However, in this approach, emotions have received limited attention (Sherman, Mathur, & 

Smith, 1997; Hui, Dube, & Chebat, 1997; Spangenberg et al., 1996; Daucé & Rieunier, 2002).  

Emotional states evoked by marketing stimuli have been found to exert a significant 

impact on consumer behaviour (e.g., Donovan & Rossiter, 1982; Dawson, Bloch, & Nancy, 

1990; Laros & Steenkamp, 2005; Swinyard, 1993; Watson & Spence, 2007). Moreover, 

among the ambient cues, smell has gain less attention. While some previous studies have 

looked at the smell of a specific product (Schmitt & Shultz, 1995), research in the past ten 

years has focused on ambient scent (see Roxana & Ioan, 2013 for a review). Some studies 

argued, for example, that the presence of a pleasant smell increases the time spent in a store 

(Babin & Darden, 1995; Hui & Bateson, 1991; Knasko, 1989; Leenders, Smidts, & 

Langeveld, 1999; Mitchell et al., 1995), the number of items examined (Spangenberg et al., 
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1996), the amount of time taken to evaluate products (Knasko, 1995; Morrin & Ratneshwar, 

2000), and the perceived quality of the environment (Mattila & Wirtz, 2001) and of the 

product (Demattè, Sanabria, Sugarman, & Spence, 2006; Baker, Grewal, & Parasuraman, 

1994). The limited amount of studies with olfactory stimuli in laboratory and in the real word 

is mainly due to the complexity of the olfactory stimuli itself (see paragraph 2.4.3.). 

From the literature review of instruments frequently employed in eliciting emotions, a 

critical point rises: Eliciting emotions in laboratory leads to a reduction of the ecological 

validity and, at the same time, of the emotional reactions and “naturalistic” value of emotions. 

This is certainly a common limitation occurring in laboratory experimental studies. In a 

laboratory condition, the control of all the features related to the stimulus (e.g., duration of the 

presentation, frequency definition or intensity, etc.) allows for perfectly linking the stimulus 

with the reaction and to reproduce the experimental paradigm. However, in the case of 

emotions’ elicitation through passive or perceptual-based methods, this limitation is even 

more salient. On the contrary, expression-based or active methods lead to a higher ecological 

validity and complete emotional reaction, that are obviously less intense compared to a real 

situation but more close to a “naturalistic” value of emotions.  

Talking about olfaction, it cannot be forgotten to highlight its relation with memory 

(see Schab & Crowder, 2014 for a review); in the present theoretical chapter the connection 

between odours and memory was not discussed. However, in the filed of consumer behaviour 

this relation is an additional plus besides the hedonic valence of smell (see Cahill, Babinsky, 

Markowitsch, & McGaugh, 1995; Chu & Downes, 2002; Willander & Larsson, 2006, 2007, 

2008). In fact, the “Proust phenomenon”, the sudden occurrence of a memory containing 

sensory and emotional components (Proust, 1922) was validated (Toffolo, Smeets, & Van den 

Hout, 2012): memories triggered by odours are older and more emotional than those triggered 
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by verbal cues (Chu & Downes, 2002; Herz, 2004; Herz & Cupchik, 1995; Willander & 

Larsson, 2007). The memories related to odours are defined as state-dependent because are 

directly linked with the event in which the odour was smelled for the first time (Aggleton, & 

Waskett, 1999; Baddeley, 1990; Herz & Engen, 1996). For those reasons, using smell in 

consumer behaviour context, the recall of product (Krishna et al., 2010; Morrin & 

Ratneshwar, 2003) and even the performance of memory in the recall of unfamiliar brand 

(Morrin & Ratneshwar, 2000) can be enhanced. Moreover, this long-lasting effect of odours 

on memory can be easily applied to improve the retrieval of point of purchases (Emsenhuber, 

2011). 

In sum, taken together the findings of the studies presented in this chapter, suggest 

how the effect of smell presented in ambient can lead to several influences on consumers. On 

one side, smell acts directly on both behaviour and intention, when congruent with product as 

reminder of products’ information (e.g., priming cue). On the other side, smell mostly works 

on emotions that, in turn, stimulate and facilitate behavioural responses and decision-making 

processes (cf., Hoffman & Turley, 2002). However, research have focused attention mainly 

on the effect of smell in ambient on emotions and consequently on intention and behaviour.  

The literature critically reviewed in present Chapter on emotions and consumers 

emotions elicitation in laboratory, and on olfactory influences on emotions, represents the 

theoretical framework for the following experimental chapters (see Chapters 3, 4, and 5). 
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CHAPTER 3 − Tempting Smells: The Effect of Ambient Food 
Odours on Emotions, Product Recognition, and Willingness to 

Consume 

3.1 Introduction 

The role of ambient smells in consumer behavior, especially when they are congruent 

with a given target product, has received increasing attention from the fields of both 

marketing and psychology in recent years. Research on this topic draws on previous literature 

emphasizing the role played by smells in influencing affective states as well as product 

discrimination, evaluation, and purchase behavior (Milotic, 2001; for a review Roxana & 

Ioan, 2013; Teller & Dennis, 2012). Besides the positive impact that pleasant ambient smells 

may have in improving the general hedonic experience within retail spaces (as first put 

forward by Kotler, 1973, with in his seminal work on ‘atmospherics’; Spence et al., 2014; see 

Turley & Milliman, 2000, for a review), both anecdotal and empirical evidence is also 

growing about the effect of product congruent smells on the potential purchase of related 

products. Although numerous business cases provide indications on the positive correlation 

between the in-store diffusion of product-congruent smells and related sales (Olivero & 

Russo, 2013) scientific research is still needed to further prove this effect and clarify the 

psychological factors underlying consumer decision making and behavior.  

Previous research has shown that the effect of pleasant ambient smells on consumer 

decision making depends on whether the smells are congruent or incongruent with the target 

product class (Bosmans, 2006). So, for instance, Mitchell et al. (1995) conducted an 

experiment in computer-aided product selection in rooms that had been smelled. Product 

congruent odours influenced information processing and facilitated product selection while 

cognitive difficulties were experienced by consumers who had been exposed to non-congruent 
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odours. When the ambient odour was congruent as opposed to incongruent with the product 

class, the participants spent more time processing the data. Interpretations of these results 

suggest that when the odour is congruent with the product class increased focus may be 

occurring. In contrast, when there is no match between the odour and the product class, 

cognitive interference may occur instead. When the information activated in memory is 

incongruent with the product class, the task becomes cognitively more demanding for the 

consumer (Mitchell et al., 1995). A few studies have previously pointed to the increase of 

attention and arousal associated with odours (Van Toller, 1998; Ehrlichman & Bastone, 

1992), whereas indications on the effect of fragrances on attention toward certain products 

have been suggested by research that investigated the effect of pleasant fragrances on memory 

(Morrin & Ratneshar, 2003). Morrin and Ratneshar found that smell increased both memory 

and attention to brand. In their experiments, they manipulated whether the smell was present 

at encoding or retrieval and found that the enhancement of brand memory was due to the 

presence of an ambient smell at encoding rather than retrieval. The ambient smell increased 

attention in terms of longer viewing times of the experimental stimuli. These effects are likely 

to have important consequences in a retail setting and research that clarifies the underlying 

mechanisms of the impact of congruent ambient smells on attention and behaviour is needed.  

Some understanding about the effect of odour-induced arousal on behaviour has been 

provided by experiments focusing on changes in task performance and reactions times. Millot, 

Brand, and Morand (2002) observed improved task performance with both pleasant and 

unpleasant fragrances and suggested that different explanations may apply. They suggest that 

pleasant odours would hinder the negative reactions associated with the experimental situation 

and reduce the effect of stress on task performance. Unpleasant odours would instead increase 

the level of arousal and, as a consequence, they would improve performance. According to the 

authors, although ambient fragrances constitute additional stimulations and could operate as a 
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distracting stimuli they appear to operate in an opposite way by conversely reducing reaction 

times in simple task performances (Millot et al., 2002). It is therefore possible that in the case 

of product-congruent fragrances, reactions times in product recognition tasks could be 

improved by the arousal effect generally associated with fragrances and also positively 

complemented by the effect of cognitive facilitation due to the increase of product salience 

(see Mitchell et al., 1995). 

Besides the increase of attention towards the product, the effect of fragrances on 

consumers’ emotions is the other main factor that could explain the observed impact of 

product-congruent odours on buying behavior. Literature on the emotional impact of 

fragrances is vast (Vernet-Maury et al., 1999; Knasko, 1992; 1995; Lehrner et al., 2005, 

Schiffman, Miller, Suggs, & Graham, 1995) and fragrances have been often adopted as ideal 

‘emotion-inducing stimuli’ in research on emotions (Ehrlichman & Bastone, 1992). Scholars 

agree that odours likely stimulate cortical and subcortical brain structures that are involved in 

the experience of emotions, mood, and affect (cf. Elsinger, Damasio, & Van Hoesen, 1982; 

Stellar & Stellar, 1985). Odour experience is naturally hedonic and studies of odour 

classification have clearly shown that their most salient attribute is pleasantness or 

unpleasantness (Engen, 1982). 

Research that has focused on the impact of fragrance-induced emotions in a consumer 

setting and confirmed the relation between fragrances and emotions has also pointed to their 

significant impact on the perception of the retail environment and of product quality 

(Bradford & Desrochers, 2009; Gulas & Bloch, 1995; Michon, Chebat, & Turley, 2002; 

Spangenberg, et al., 1996). However the current understanding of the effect that fragrances 

have on emotions and choice is far from conclusive. For instance, de Wijk and Zijlstra (2012) 

assessed the influence of ambient smell on mood, arousal, and choice, and found that smells 

such as vanilla and citrus can have differentiated effects on the people’s affective experiences. 
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In this study, the citrus smell had higher impact compared to the vanilla condition, on choice, 

arousal, and (less) negative emotions.  

This research aims to replicate previous results on the effect of pleasant product 

congruent fragrances on emotions and to extend the current understanding on cognitive and 

behavioural effects, such as product recognition and buying behaviours. We conducted two 

experiments to test the effect of chocolate and coffee smells on the enhancement of positive 

emotions, on the discrimination time for smell-related products, and on willingness to buy. 

We expected that ambient olfactory cues would reduce recognition time, stimulate positive 

emotions, and willingness to buy. 

3.2 Experiment 1 

3.2.1 Materials and methods 

 Thirty undergraduate and graduate students enrolled at the University of Milan-

Bicocca (12 males and 18 females, aged 19 to 35 years, M = 23 years, SD = 1.59) took part in 

the experiment. The students received course credit for taking part. The experimental 

procedure was explained to the participants and after that, they verbally agreed to take part. 

The experiment was performed in accordance with the ethical standards laid down in the 1964 

Declaration of Helsinki. None of the participants reported having olfactory dysfunctions or 

any knowledge or familiarity with the Chinese, Japanese, or Korean languages (this was a 

requirement for the hedonic evaluation test). We assessed the presence of any olfactory or 

sensorial dysfunctions and linguistic knowledge in the recruitment procedure, by means of a 

short questionnaire. 
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A chocolate smell (commercial name 24236) obtained from Agieffe International® 

(Milan, Italy) was used in the study1. This alcohol free and water-soluble smell (25% pure 

essential oil) was diluted at a concentration of 10% in water. 

In addition, four pictures of chocolate desserts and four pictures of bread (12cm wide 

x 9cm high; RGB colour scale; 72 dpi), were used as target stimuli in the reaction time (RT) 

test. The pictures were taken from the free on-line database (Shutterstock®). Further, the 

target picture that was used in the intention-to-consume questionnaire was an image of a 

chocolate dessert (12cm wide x 9cm high; RGB colour scale; 72 dpi). This image was also 

taken from the same online database aforementioned (see Figure 3.1). 

  

                                                Figure 3.1 Pictures used for measuring willingness to consume. 

 

The study included four different measures. The first one consisted of ratings of 

ideographs. The affective state of the participants after they had been exposed to the ambient 

smell was measured indirectly by assessing their liking ratings towards 8 black and white 

                                                

 

 

1 In order to select the olfactory stimulus for this study, which was created in accordance with the 
European Commission Directives (ECDIN; Penning, Roi, & Boni, 1990), a set of five alcohol-free and water-
soluble scents were tested. The selection was based on three dimensions: liking (‘How much do you like it?’), 
congruence-to-product (‘How much this scent remind you of chocolate dessert?’) and intensity (‘How much do 
you like this scent intensity?’). The fragrances were rated on these dimensions by using 7-point Likert scales (0 
= not at all, 7=very much). Thirty participants, with a mean age of 22 years, were involved in this preliminary 
study, and the scent that obtained the higher mean ratings (M = 5.25, SD = 1.5) in all dimensions, was selected 
for the Experiment 1. 
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Chinese ideographs, which have been selected as affectively neutral stimuli (Murphy & 

Zajonc, 1993). The order of presentation of the ideographs was randomized. This allowed the 

comparison of the hedonic evaluation both before and after ambient olfactory stimulation. 

The second measurement consisted of reaction times. In order to investigate any effect 

of the chocolate smell in product recognition, a computerized reaction time test was used. In 

this test, the participants had to discriminate between images of chocolate (experimental 

condition) and bread (control) as rapidly as possible. The task consisted of two blocks (20 

practice trials and 40 test trials), in which four target pictures (images of chocolate products) 

and four neutral pictures (images of bread) were used. Initially, the target images (chocolate 

products) were mapped to the ‘e’ key on the left side and the neutral images and negative 

words on the right (‘i’ key), for the first block. In the second block, the stimulus-response 

mapping was inverted. The participants were instructed about the mapping of the stimuli 

before starting the task. The names of the categories remained on the right and left side of the 

screen throughout the experiment as a reminder to the participants. 

The third measure included in the study was the Profile of Mood States Questionnaire 

(POMS). The emotional experience was measured using a 30-items version of the profile of 

mood states questionnaire (POMS; McNair et al., 1992; Reddon, Marceau, & Holden, 1985). 

The items consisted of different adjectives used to describe the emotional experience of the 

participants. Each adjective was rated on a five-point Likert scale (0 = not at all, 5 = 

extremely). Only the scores of two dimensions were calculated, which were arousal/energy 

and valence. Predictions concerning the other subscales (Tension-Anxiety, Anger-Hostility, 

Fatigue-Inertia, and Confusion-Bewilderment) were not considered in the analysis. That said, 

the entire form was administrated in order to avoid tampering with its psychometric properties 

(McNair et al., 1992). This questionnaire was used to investigate the participants’ emotional 

response post-stimulation. 
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Finally, an explicit intention measure was used. In order to measure the participants’ 

willingness to consume smell-related product, a 4-item self-report questionnaire rated on a 7-

point Likert scale (from 0= totally disagree to 7= completely agree) was used. The four items 

presented were: ‘I can’t wait to eat it’, ‘At this moment, I really would like to have it’, ‘I feel 

a need to have this product’ and ‘I would like to taste it’. These sentences were designed to 

evaluate the self-report intention of participants, to consume a smell-related product, a 

chocolate dessert (see Figure 3.1). 

3.2.2 Procedure  

The experimental procedure consisted of a between-participants experimental design 

with two conditions. Fifteen participants were randomly assigned to each condition: a 

chocolate smell condition and a control condition (no smell). The experiment was composed 

of four parts all programed in E-prime (version 2). The experiment was conducted on a laptop 

(1280 x 800 pixel screen resolution, 60 Hz refresh rate) positioned on the desk directly in 

front of the participants. 

The olfactory stimulus was presented with a custom-built computer controlled 

olfactometer that allowed for the regulation of the saturation of the smell in the room and to 

replicate the same experimental condition for each participant.  

After the participants arrived they were invited to sit comfortably on a chair 

approximately 70 cm from the laptop screen that was positioned on a desk. All of the 

participants were informed about the structure of the experiment. They were not, however, 

told anything about the ambient smell. The participants listened to white noise (55 dB), using 

an over ear headphone, for the duration of the experiment. 

In the first part, the participants were asked to evaluate liking of the 8 black and white 

ideographs (Murphy & Zajonc, 1993). They had to rate their liking of each ideograph using 
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the mouse and selecting the button that corresponded with their evaluation. Afterwards, in the 

RT test, the participants were instructed to respond as rapidly and accurately as possible to the 

images presented, using the keyboard of the laptop. Whenever the participant made an error, 

in the categorization task, a red X was presented on the screen for 300ms. During this task, 

the smell of chocolate was diffused in the room through the olfactometer (constant diffusion 

for 6000 ms with smell and 2000 ms of clean air, for 8 trials).  

In the third part, the 8 black and white ideographs, already evaluated in the first part of 

the study, were rated again in random order. Next, the participants were instructed on how to 

answer the items in the POMS questionnaire (McNair et al., 1992; Reddon et al., 1985). The 

participants had to use the mouse in order to select how the adjective presented matched their 

emotions (from 1 to 5). Then, in the last part of the experiment, the participants had to rate, 

using the mouse to select the corresponding button as in the previous part but this time from 1 

to 7, the self-report questionnaire on their willingness to consume chocolate products. The 

experiment lasted for approximately 40-50 minutes. 
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3.2.3 Results  

 A 2 (smell: no smell vs. chocolate smell) X 2 (ideographs liking: pre-stimulation vs. 

post-stimulation) mixed ANOVA was performed; the smell condition was considered as a 

between factor while the ideographs liking as a within-subjects factor. The implicit 

measurement of emotions through ideographs evaluation revealed a significant effect of 

chocolate smell on the liking rating for the eight tested ideographs; in the retest, participants 

exposed to the chocolate smell rated the ideographs as more likeable (F(1, 28) = 10.48, p < 

.05). The liking mean score post-stimulation (M = 4.43, SD = .79) with smell significantly 

increased in comparison to the control condition (M = 3.77, SD = 1.01). Moreover, there were 

no differences between the ratings of the control group (both pre and post stimulation), and 

the rating prior the stimulation of the group exposed to the chocolate smell (F(1, 28) = 1.78, p 

> .05).  

Regarding the RTs, all of the participants responded correctly on more than 80% of 

the trials. A mixed factorial design was used to analyse the effect of smell on the participants’ 

RT in the discrimination task of target stimuli (bread or chocolate pictures). The presence of 

the chocolate smell (smell vs. control group) was considered as a between factor, while the 

eight different pictures were grouped by target category (either bread or chocolate), and 

considered as a within-participants factor. The mixed ANOVA results showed a main effect 

of odour on the reaction times for both chocolate and bread pictures (F(1,28) = 10.9, p < 

.001); RTs of the control group were significantly slower in comparison to the experimental 

group (see Table 3.1). However, no effect of product category was found on RTs (F(1,28) = 

1.44, p = .22). 
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Table 3.1 Reaction time mean scores in determination task, Experiment 1 and 2. 

 

In the third part of the experiment, participants were asked to rate their emotional state 

on a POMS scale. In the smell condition, a trend that indicated the increase of positive 

emotional ratings and the decrease of negative emotional ratings was observed. Ratings were 

subjected to a factor analysis to further investigate this trend. Based on the screeplot, we 

estimated two factors as sufficient to explain the variability in the data. Chi-square statistics 

validate this hypothesis (p < .01). Plotting the data on a two dimensional space, as well as on 

a dendrogram, allowed us to interpret the two factors as “arousal” and “valence”(Bradley & 

Lang, 1994). 

 

Experiment 1: 

Chocolate smell 

                    Condition 

Smell 

 

No smell 

 M SD M SD 

Bread Pictures 674 ms 358 ms 805 ms 454 ms 

Chocolate Pictures 669 ms 321 ms 818 ms 499 ms 

 

Experiment 2:  

Coffee smell 

 

    

 M SD M SD 

Water Pictures 663 ms 410 ms 719 ms 416 ms 

Coffee pictures 644 ms 319 ms 683 ms 384 ms 
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As previously suggested, the trend in the data would appear to be related with the 

arousal dimension, with the attribute interpreted as “positive valence” having a higher score in 

the condition where the chocolate smell had been presented and by contrast, the “negative 

valence” having a lower score. Next, we assessed the effect of the smell on all the scores of 

the positive emotions pooled together, and on all the scores of the negative emotions pooled 

together (see Figure 3.2). Results from a paired t test (95% confidence interval) revealed a 

significant improvement of the scores of positive emotions in the smell condition (p < .05).  

 

Figure 3.2 Positive and negative emotions ratings in the two conditions (control group, chocolate smell group). 

Asterisk represents significant differences at p < .05. 
 

Finally, we analysed the intention to consume (α = .944). We examined the effect of 

the smell on the participants’ ratings concerning their willingness to consume the product. A 

t-test (95% confidence interval) revealed that the participants wanted to consume a chocolate 

product significantly more after being exposed to the chocolate smell (t (28)= 4.146, p < .01). 

In order to assess whether the participants’ emotional reactions to the smell increase the 

willingness to consume smell-related products the factors of arousal and valence were 

extracted, from the previous factorial representation (using the Bartlett method). The two 

emotional factor scores were regressed together with the grouping factor (no smell vs. 
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chocolate smell) on the intention to consume ratings. The regression model was significant 

(R2 = .44; F (5,24) = 3.72, p < .05); in particular, the results revealed a significant main effect 

of the group on the intention to consume (β = .656, p < .001), confirming the results of the 

previous t-test. No effects of arousal and valence on intention to consume were found. 

3.2.3 Discussion  

 The results of Experiment 1 showed that ambient smell had an effect on the self-

reported willingness to consume smell-related products. Previous literature provides little 

evidence that smells increase the number of products sold or the amount of money spent 

(Knasko, 1993), our results show that product-congruent fragrances stimulate the intention to 

buy congruent products and thus indicating the potential role of cognitive priming of smell on 

consumers’ decision making. Mitchell et al. (1995) showed that the presence of an ambient 

odour in the consumer marketplace promotes the retrieval of information about the related 

product and the product saliency. We hypothesized that ambient smell has an effect on the 

emotional state of participants. Data confirmed this effect and revealed a significant 

enhancement of positive emotions with the presence of chocolate smell. Moreover, this was 

confirmed by the increase in the liking ratings of ideographs after participants had been 

exposed to the smell. This result is consistent with previous findings where participants 

exposed to pleasant odours reported being in a better mood (Knasko, 1992; 1995; Lehrner et 

al., 2005, Mitchell et al., 1995; Schiffman et al., 1995; Vernet-Maury et al., 1999).  

Further, we expected a reduction of the reaction times in the product discrimination 

test in case of smell-related products. This hypothesis was only partially confirmed because 

the decrease of reaction times was found but for all the products.  Participants when exposed 

to chocolate smell were significantly faster in the products recognition test both for target 

products (chocolate pictures) and for control products (bread pictures). 
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3.3. Experiment 2 

3.3.1 Materials and methods  

Thirty undergraduate and graduate students (16 males and 14 females, from 20 to 40 

years old, M = 23 years old, SD = 2.7 years) took part in Experiment 2. They were all 

psychology students at the University of Milan-Bicocca and received course credit for taking 

part in the study. Participants had the same selective restriction parameters as in in 

Experiment 1. 

3.3.2 Procedure  

Experiment 2 adopted the methodology and procedure of Experiment 1 to test the 

effect of coffee smell2, provided by Agieffe International® (commercial name 24238). Images 

used in the reaction time test were four pictures of espresso cups and four pictures of water 

glasses (12cm wide x 9cm high; RGB colour scale; 72 dpi), which were found in an on line 

free database (Shutterstock®). A picture of espresso cup (see Figure 3.1) was used as target 

image in the explicit intention measure.  

  

                                                

 

 

2 In order to select the olfactory stimulus for this study, a set of five alcohol-free and water-soluble scents, which 
were created in accordance with the European Commission Directives (ECDIN; Penning, Roi, & Boni, 1990), 
were tested. As in the previous pretesting, the selection was based on three dimensions: liking (‘How much do 
you like it?’), congruence-to-product (‘How much this scent remind you of espresso coffee?’) and intensity 
(‘How much do you like this scent intensity?’). The fragrances were rated on these dimensions by using 7-point 
Likert scales (0 = not at all, 7 = very much). Thirty participants, with a mean age of 23 years, were involved in 
this preliminary study, and the scent that obtained the higher mean ratings (M = 5.4, SD = 1.2) in all dimensions, 
was selected for the Experiment 2. 
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3.3.3 Results  

Similarly to Experiment 1, a 2 (smell: no smell vs. coffee smell) x 2 (ideographs 

liking: pre-stimulation vs. post-stimulation) mixed ANOVA was performed; the smell 

condition was considered as a between-subject factor, while the ideographs liking as a within-

subject factor. Implicit emotion measurements through ideographs evaluation revealed an 

effect of coffee smell on the liking ratings of the ideographs (F(1, 28) = 19.37, p < .001); after 

the stimulation of the coffee smell, participants rated the ideographs as more likeable. Liking 

mean score of the experimental group post-stimulation was significantly higher (M = 4.20, 

SD = .70) than the one of the control group (M = 3.55, SD = 1.23). Participants’ error rates 

were checked in order to control for possible unreliable participants. Again, none of the 

participants presented an error rate superior to the 20%, therefore no participants were 

discarded. As in the previous analysis, a mixed ANOVA was used to analyze the effect of the 

coffee smell on the participants’ reaction time in the discrimination task (pictures of water 

glasses or coffee cups). The presence of the coffee smell in a group (smell vs. control group) 

was considered as a between factor, while the eight different pictures were grouped by 

product category (either water or coffee) and considered as a within factor. The mixed 

ANOVA results showed a main effect of the coffee smell on the reaction time both on coffee 

cup and water glass pictures (F(1, 28) = 12.49, p < .001). Participants were faster in 

responding in the coffee smell group, when both coffee cup pictures and water glass pictures 

were shown (see Table 3.1). However, no effect of product category was found on reaction 

times (F(1, 28) = 1.46, p = .22).  

The results on the POMS scale were in line with the results of the experiment using 

the chocolate smell. Ratings seemed to follow the trend of the previous experiment. Ratings 

associated to the more positive attributes seemed to increase in the coffee smell condition, 

while the ratings concerning the negative attributes seemed to decrease. Once again, we 
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performed a factor analysis on the participant ratings on the 30 items constituting the POMS. 

The two factors sufficient to explain the variability of the data were again interpreted as 

“arousal” and “valence” (Bradley & Lang, 1994).  

We then repeated the procedure used before, assessing the effect of the smell on the 

positive emotions, and on the negative emotions mean scores (see Figure 3.3). The results 

from a paired t test (95% confidence interval) showed a significant enhancement of the scores 

of positive emotion in the smell condition (t(28) = -3.48, p < .001), and a significant decrease 

of the ratings relative to the negative emotions (t(28) = 2.01, p < .05).  However, the positive 

trend of the arousal in the coffee smell group was not significant (p > .05). 

 

Figure 3.3 Positive and negative emotions ratings in the two conditions (control group, coffee smell group). 

Asterisks represent significant differences at p < .05.  

 

Finally, we assessed the intention to consume (α = .931). We examined the effect of 

the coffee smell on the product willingness to consume. A t-test (95% confidence interval) 

showed that participants’ self-reported intention to consume increased significantly after 

being exposed to the coffee smell (t(28)= -3.48, p < .01). Once again in this case, we extracted 

the arousal and valence factors, from the previous factorial representation (using Bartlett 
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method) in order to test whether enhancing positive and high arousal emotions may predict 

the intention to consume coffee products. The arousal and valence factor scores were 

regressed together with the group condition (no smell or coffee smell) on willingness to 

consume. The regression model performed was significant (R2 = .35; F(5,24) = 2.50, p < .05). 

The results revealed a significant effect of the group on the willingness to have the smell-

related product (β = .44, p < .05); smell stimulation predicts the intention to consume coffee 

products. Arousal and valence had no significant effect on willingness to consumer.   

3.3.4 Discussion  

 Consistent with the results of Experiment 1, the ambient coffee smell increased 

significantly the participants’ self-reported willingness to consume smell related-products. As 

in the previous experiment and in line previous literature, coffee smell increased participants’ 

positive emotions and decreased negative ones (Knasko, 1992; 1995; Lehrner et al., 2005, 

Schiffman et al., 1995; Vernet-Maury et al., 1999). 

The results of the product discrimination task, once again, showed a reaction time 

reduction in the smell condition for both target and control pictures (coffee and water 

pictures). Coffee smell, as chocolate smell, significantly reduces participants’ reaction times 

in products discrimination task although without any difference for smell-related products.  

3.4 General discussion and conclusion 

The results of the present work suggest that the ambient smell related to products 

could impact impulse buying in the shopping context (for a review, see Muruganantham & 

Bhakat, 2013).  

Odours operate as a cue that, either consciously or unconsciously, activates target 

objects information and affective information (Degel, Piper, & Köster, 2001). Conversely, an 
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odour, which is not congruent with the target object will activate inappropriate information 

that may lead to cognitive interference (Mitchell et al., 1995). Our two studies provide further 

evidence to the argument for which both the pleasantness and the congruence of the smells 

with given target products can increase the intention to buy related products. In-store ambient 

stimuli drive the consumer to buy unplanned products because these operate as reminders of 

shopping needs (Abratt & Goodey, 1990). Previous research indicated that smells may 

influence the recalling of target products with the same accuracy as verbal, visual, tactile and 

musical cues; they also elicit more emotional memories than the other memory cues (Herz & 

Cupchik, 1995; Schifferstein & Blok, 2002). This critical olfaction-emotion relationship has 

been shown to be primarily due to the shared common brain pathways of emotions and odour 

processing (Ehrlichman & Bastone, 1992; Savic, 2001; see Soudry et al., 2011, for a review). 

Impulsive buying has been theorized as an hedonic experience characterized by the 

common presence of high emotional activation and lack of cognitive control (Arnould, Price, 

& Zinkhan, 2002; Morrin & Chebat, 2005; Strack, Werth, & Deutsch, 2006; Weinberg & 

Gottwald, 1982; Rook, 1987). Our findings show that the hedonic valence of smells has 

general effects on consumers’ emotions but significant evidence on the influence of positive 

emotions on the intention to buy was not found.  

Previous research has indicated that olfactory detection is faster when there is a cross-

modal semantic congruence between odours and related pictures (Gottfried & Dolan, 2003). 

Reaction times in the detection of odours are significantly faster when odours appear with 

semantically congruent pictures, thus suggesting a cross-visual facilitation of human olfactory 

perception (Gottfried, Deichmann, Winston, & Dolan, 2002; Zald & Pardo, 1997; Zatorre, 

Jones-Gotman, Evans, & Meyer, 1992). We argue that the olfactory visual integration could 

be verified in the reverse case. Previous eye-tracking studies suggested that odours can 

enhance attention towards visual objects. The priming effect of odours was shown to increase 
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selective attention for congruent visual objects as compared to a control condition without any 

odour (Seo et al., 2010).  We have attempted to verify the priming effect of odours on odour-

congruent products, however our results showed an overall decrease in the reaction times of 

the recognition task for all the products, including the control ones that had no congruency 

with the odour. The sole presence of the odours reduces the reaction times for all the target 

products. This result is in line with previous findings that explained the decrease of reaction 

times in the presence of both pleasant or unpleasant odours as the consequence of the arousing 

effect of olfactory stimulations (Millot et al., 2002). In fact, relaxing effect of certain odours 

does not lead into an increase of alertness (Schifferstein et al., 2011). Paradoxically, 

participants can perceive and experience a sense of relaxation but at the same time an increase 

of arousing level (Chrea et al., 2009). In accordance with these findings our results suggest 

that is plausible that the observed overall reduction of the reaction times be caused by the 

alertness effect of odorants’ stimulations. It is interesting to note that these effects are not 

usually shown in self-report questionnaires. Literature has shown an inability in participants’ 

self-evaluation of smell effects on autonomous nervous system activity (Alaoui-Ismaili et Al., 

1997). A change in the arousal state is normally uncountable only beyond conscious 

awareness; participants’ self-reports of arousal do not highly correlate with the awareness of 

physiological activation (Li, 2008; Zillmann, 1978). Nevertheless, our results seem to be in 

contrast with other findings showing how pleasant odours positively affect mood and decrease 

arousal, suggesting that only strong negative odours may induce higher arousal (Bensafi et al., 

2002c; Royet et al., 2003; Heuberger, Hongratanaworakit, & Buchbauer, 2006). Future 

studies should clarify further the arousing effect associated with odours and, in particular, it 

seems important to investigate whether there might exist consistent differences between types 

of odors and how these odour-specific effects may further vary according to specific features 
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of the odour (e.g., pleasantness vs. unpleasantness) and given target-object categories in the 

reaction time tasks.   

In conclusion, our results have significant implications for sensorial marketing in the 

retail settings (Spence et al., 2014). Although we could not find a significant impact of 

positive emotions on intention to buy, an important result is the impact of product-congruent 

(pleasant) fragrances on the intention to buy. Again, future research should investigate further 

this relation and clarify what is the potential role of emotions when they are stimulated by 

fragrances which appear to have an impact on willingness to consume. The evidence we have 

found on the effect of products-congruent ambient smells on intention to buy, on positive 

emotions and on the product recognition task unequivocally emphasizes the potential of 

adopting a multisensory congruence strategy in the retail setting (Spence et al., 2014). 

However, if our studies provide further support about the enhancing role of multisensory 

congruent stimuli in food consumption (see Spence, Shankar, & Blumenthal, 2011; Spence, 

2012) more empirical research is needed to clarify the relative contribution of the diverse 

stimuli on both the general hedonic experience of the consumer and the specific 

neurocognitive correlates beyond decision making and buying behaviours.  
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CHAPTER 4 − The Effect of Crossmodal Correspondences 
between Smell and Sound on Emotions 

4.1 Introduction  

 Emotions are considered as action disposition-motivational tendencies that serve 

immediate survival functions (see chapter 1 for a detailed discussion). Basically, emotions are 

organized around two motivational systems (i.e., appetitive and defensive), due to the primary 

role of the valence dimension of the emotional triggers (Bradley et al., 2001; Lang et al., 

1997). In addition to hedonic valence, arousal also represents a basic parameter in these two 

motivational systems. In fact, arousal cannot be viewed as having a separate substrate but 

rather as reflecting variations in the activation (i.e., metabolic and neural) of one or both 

systems (see Cacioppo & Berntson, 1994).  

Generally, valence determinates which system must be activated (i.e., “flight or 

fight”), while arousal determinates which trigger stimulus could promote an emotional 

reaction (i.e., emotional threshold). In particular, pleasant emotions are associated with the 

activation of the appetitive system, the innate tendency to approach; whereas unpleasant 

emotions are more frequently associated with the activation of the defensive system, the 

innate tendency to escape. Moreover, the emotional arousal level modulates humans' attention 

resources (Bradley, 2000; Lang et al., 1997) and then the subsequent intensity of the 

emotional response (Sloboda & Juslin, 2001). Particularly, arousal typically refers to the 

physiological activation that in turn triggers automatic nervous system responses (Khalfa, 

Isabelle, Jean-Pierre, & Manon, 2002). Common tools to investigate these automatic nervous 

system reactions are the skin conductance (SCR) and the heart rate measurements (HR) 

(Lang, 2014; Kreibig, 2010).  
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In humans, the integration of information from different sensory modalities is 

fundamental for interacting with the surrounding environment and respond to external triggers 

(Darwin, 1872). Emotional responses can be elicited by stimuli in different sensory modalities 

(Gomez & Danuser, 2004). Imagine, for example, to watch a highly arousing video without 

sound. Then, add a congruent, highly arousing sound. Would the emotional response be any 

different? Marin, Gingras, and Bhattacharya (2012) have demonstrated that there is a 

crossmodal transfer of arousal from the auditory to the visual domain. These authors 

suggested that emotional information in one sensory modality could influence the processing 

of emotional information in other sensory modalities. In fact, other studies supported the idea 

of an integration of the affective multimodal information (see Spreckelmeyer et al., 2006): 

Humans integrate information from both verbal and nonverbal emotional cues during emotion 

processing (de Gelder, Böcker, Tuomainen, Hensen & Vroomen, 1999; de Gelder & 

Vroomen, 2000; Van den Stock, Rightart, & de Gelder, 2007). Over the last few years, 

olfaction has also been considered within this crossmodal approach. However, research on the 

effects of the olfactory stimuli in interaction with other senses on emotions or on cognitive 

performance has focused exclusively on the specific emotion of fear (cf. Chen et al., 2006; 

Partan & Marler, 2005).  

To the best of our knowledge, research on the influence of sensory information on emotions 

has hardly focused on how crossmodal interactions may influence emotional arousal. While 

several studies have shown the effects of emotion elicitation through visual scenes and 

pictures (e.g., Lang & Bradley, 2007; Rottenberg et al., 2007), empirical studies on the 

combined effect of music (Baumgartner, Esslen, & Jäncke, 2006; see Gerdes, Wieser, & 

Alpers, 2014 for a review; Khalfa et al., 2002) and smell (Banks, Hg, & Jones-Gotman, 2012; 

Pollatos et al., 2007) on the processing of affective pictures are, as of yet, missing. Indeed, 
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music is frequently described as an emotional language (Peretz, 2006); tempo is well known 

as a structural property of music that conveys information regarding valence (Hevner, 1935, 

1937) and arousal of the musical piece (Balch & Lewis, 1999; Gabrielsson & Lindström, 

2001; Thompson & Robitaille, 1992). It has been shown that listening to sonatas by Mozart 

can induce arousal that subsequently enhances cognitive performance, for instance increasing 

spatial-temporal abilities (Rauscher, 1999). Indeed, the “Mozart effect” modulates not only a 

listener’s general arousal state but rather and specifically the “enjoyment arousal” (Husain, 

Thompson, & Schellenberg, 2002; see Chabris, 1999 for a meta-analysis). Furthermore, the 

ability of music to induce arousal is reflected in patterns of frontal electroencephalographic 

(EEG) activity; the increase of the overall frontal EEG activity is greater for intense music 

than for calm music (Schmidt & Trainor, 2001). Thus, music is a powerful elicitor of emotion 

(Altenmuller, Schürmann, Lim, & Parlitz, 2002; Krumhansl, 1997) that can trigger a clear 

physiological response, due to both the arousal and the valence dimensions (Baumgartner et 

al., 2006;  Husain et al., 2002).   

Just like pictures and music, also smell can directly elicit emotional responses due to 

the shared common brain pathways of emotions and olfactory processing (Ehrlichman & 

Bastone, 1992; Savic, 2001; see also paragraph 2.4.2 and Soudry et al., 2011, for a review). 

Valence and intensity are the main attributes commonly associated with smells, and both 

those attributes have a direct effect on the amygdala activation (Anderson et al., 2003; Herz et 

al., 2004). However, the capacity to induce arousal is also an important attribute associated 

with smells (Lorig & Roberts, 1990; Millot et al., 2002; Torii et al., 1988). The arousal-

inducing capacity of a smell is directly linked to its intensity (Bensafi et al., 2002c, 2002a, 

2002b). Indeed, previous research has shown that odours can induce activation or relaxation 
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states by provoking changes in physiological responses (i.e., HR or SCR) (Alaoui-Ismaili et 

al., 1997; Bensafi et al., 2002; Ilmberger et al., 2001).  

Taking into account also the classical literature on crossmodal correspondences 

(Crisinel, Jacquier, Deroy, & Spence; 2013; Gilbert, Martin, & Kemp, 1996; see Spence, 2011 

for a review), we decided to investigate to investigate the combined effect of auditory and 

olfactory stimuli on processing of emotional pictures. Specifically, olfactory and auditory 

stimuli that are congruent/incongruent in terms of their arousal level were selected: two kinds 

of smell (i.e., orange and lavender) and the same piece of classical music with two different 

tempi (i.e., 165 and 60 bpm) were used as ambient stimuli. The goal of this study is to assess 

the arousing effect of congruent versus incongruent olfactory and auditory cues, in the context 

of ambient stimulation, on the processing of affective pictures (i.e., International Affective 

Picture System, Lang, Bradley, & Cuthbert, 1999). To this purpose, implicit and explicit self-

report emotional assessment and physiological measurements (i.e., SCR and HR) were used 

in the experiment. The emotional responses were measured while participants viewed pictures 

with varied affective (i.e., pleasant and unpleasant) and neutral contents.  

4.2 Materials and Methods 

4.2.1 Participants  

Sixty-six participants, split into four groups according to 2 (high and low arousal 

smell) ×  2 (fast and slow tempo music) between-participants experimental design were 

recruited at the University of Oxford and took part in the study (27 males, M = 24.4 years, SD 

= 4.92 years, range 18-34 years). 

The Central University Research Ethics Committee of the University of Oxford 

approved the experiment. The experiment lasted for approximately 40-50 minutes. Before 
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taking part in the experiment, all participants read the information sheet and gave written 

consent. People who claimed to be affected by any olfactory or auditory dysfunction, as well 

as people who were affected by temporary conditions known to alter olfactory or auditory 

functions were excluded from the experiment.         

4.2.2 Stimuli  

Two smells were used to modulate the arousal level of the participants. Specifically, 

orange smell (100% Citrus, pure essential oil) was selected as a stimulating odour, while 

lavender smell (100% pure essential oil) was selected as a relaxing odour (Diego et al., 1998; 

see Herz, 2009 for a review; Hongratanaworakit, 2004). In order to obtain a smell-saturated 

environment, the smell was diffused in the experimental booth, rather than being directly 

administered to the nose of the participant by means of an olfactometer: A burst of smell was 

diffused every 6000 ms throughout the duration of the experimental session. In this way, a 

consistent exposure to the smell was ensured.  A computer-controlled olfactometer was used 

in order to perfectly control the quantity, intensity, pressure, and duration of the olfactory 

stimulation, with the aim to replicate the same stimulation for each participant.  

The same piece of music presented in two different tempi was used to modulate the 

arousal state of the participants. The two types of music tempo (fast and slow tempo) were 

obtained by computer-editing the MIDI file of the first movement of Mozart’s sonata K. 448 

(MIDI file created and used by Husain et al., 2002) using the open-source software 

Audacity®. The movement was performed by a single piano; its key was D major. The tempi 

of the sonata for the fast and slow versions were 165 and 60 bpm (Balch & Lewis, 1999; 

Holbrook & Anand 1990). The music was played back using stereo computer speakers at a 

level of 55 dB.  
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Moreover, to assess the interactive effect of environmental stimuli on emotional 

responses, a series of pictures from the International Affective Picture System (IAPS, Lang et 

al., 1999) were selected: twenty pictures with neutral valence, seven pictures with pleasant 

valence, and seven pictures with unpleasant valence (see Figure 4.1, B, C, and D). The 

pictures were selected to be similar in term of rated affective arousal but necessarily varied in 

rated hedonic content. 

 

Figure 4.1 The set of experimental visual stimuli selected for the experiment. (A) The 21 Chinese ideographs 

selected for the implicit measurement of emotions, presented after pictures exposition. (B) The 20 neutral IAPS 
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pictures selected to be used for the baseline biofeedback measurement and the experimental phase. (C) The 7 

unpleasant IAPS pictures selected to be used in the experimental phase. (D) The 7 pleasant IAPS pictures 

selected to be used in the experimental phase. 

 

 In addition, a selection of 21 black Chinese ideographs (see Figure 4.1, A) presented 

on a white background screen was used as target, allowing the participants to report the 

emotion that they were experiencing immediately after the priming with the emotional 

pictures. The implicit emotional assessment is made through the liking of these ideographs, 

on a seven-point Likert scale, where 1 = not at all and 7 = very much. Chinese ideographs 

have commonly been considered as affective neutral stimuli (Cacioppo, Priester, & Bernston, 

1993; Murphy & Zajonc, 1993). Simultaneously, the participants’ physiological response was 

registered in order to investigate the anatomic nervous system reactions to the emotion 

elicitation. The biofeedback was collected from sensors by an 8-channel encoder at a 

sampling rate of 100 Hz (sensors and encoder by Thought Technology Ltd., Montreal, CA.) 

The overall emotional experience was measured using a 30-item version of the profile 

of mood states questionnaire (POMS; McNair et al., 1992; Reddon et al., 1985). The items 

consist of different adjectives used to describe the emotional experience of the participants 

(i.e., explicit emotional assessment). Each adjective is rated on a seven-point Likert scale (1 = 

not at all, 7 = very much). Scores were calculated only for two sub-dimensions of the scale—

arousal/energy and valence. Ratings for the other subscales (Tension–Anxiety, Anger–

Hostility, Fatigue–Inertia and Confusion–Bewilderment) were not considered in the analysis, 

but the entire form was administrated in order to avoid tampering with its psychometric 

properties (McNair et al., 1992). This questionnaire was used to investigate the participants’ 

overall emotional response to the experimental procedure.  
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4.2.3 Procedure  

The procedure followed a 2 (smells: orange and lavender) x 2 (music tempi: fast and 

slow) between-subject experimental design. The volunteer was comfortably seated on a chair 

in a darkened experimental booth, approximately 70 cm away from a desktop computer 

(resolution 1280 x 960 pixels, refresh rate 70 Hz). Immediately after, participant was 

informed about the division of the experiment in two separate parts.  

In the first part of the experiment, a baseline of participant’s physiological indices was 

recorded, for approximately 8 min. All the sensors were placed on the participant’s left hand, 

and the participant had to remove any wristwatches and rings prior to the physiological 

measurement. Particularly, skin conductance response (SCR) was measured from electrodes 

placed on the second and fourth fingertips, blood volume pulse (BVP) was measured from a 

photoplethysmograph placed on the third finger, and skin temperature was measured from the 

fifth finger. After the application of all the sensors, the participant was instructed to avoid any 

movements during all physiological measurement while watching a series of pictures that 

would appear on the monitor, and to keep attention for the entire time of permanence of that 

picture on the screen. Thirteen IAPS pictures with neutral content valence were shown in 

random order. Each picture remained on the screen for 15 s and was preceded by a fixation 

point; the duration of each fixation point varied randomly between 5 to 8 s.  

In the second part of the experiment, the participant was informed, both with oral and 

written instructions, about the ambient stimulation that would be presented and about the 

ideograph rating procedure. The liking rate of ideographs was made on a seven-point Likert 

scale, using the mouse. In particular, two screens containing all instructions were presented. 

In addition, they were informed to limit the movements to only the use of the mouse with the 

right hand (i.e., to select the ideograph’s liking) and to keep the attention on the centre of the 
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screen for all the duration of the pictures’ vision. In the booth, the presentation of the Mozart 

sonata and smell began simultaneously, with the appearance of the second screen of the 

instructions. In contrast with the first part of the experiment, all twenty-one IAPS pictures, 

with the three content valences, were randomly presented for 15 s each. A frame containing 

the ideograph and the liking rate of that ideograph followed each picture. All visual stimuli, 

pictures and ideograph liking, were separated by a screen with a fixation point with randomly 

chosen duration between 5 to 8 s (in steps of 1 s). The outline of the experimental procedure 

is presented in Figure 4.2. 

 

Figure 4.2 Timeline of the study, schematically represented.  

 

Finally, in the post-stimulation phase the participant was asked to assess their explicit 

emotional experience. Every single adjective of the POMS questionnaire was rated on a 

seven-point Likert scale, where 1 = not at all and 7 = very much. We subsequently debriefed 

the volunteer.  
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4.3 Results 

In the present experiment we collected two types of self-assessment measures of 

emotion: an implicit measure, through an ideograph rating procedure (Cacioppo et al., 1993; 

Murphy & Zajonc, 1993), and a direct measure, using a self-report questionnaire (POMS). 

Furthermore, participants’ measures of the physiological indices (HR and SCR) were 

collected throughout the emotion elicitation phase. These measures were used to assess the 

combined effects of congruent versus incongruent arousing music and smell on the processing 

of emotional pictures. The analyses performed on these measures (i.e., dependent variables) 

are presented and discussed separately. We have not analysed data regarding participants’ 

temperature, due to technical problems of the specific sensor.  

Ideograph liking. We used a linear mixed model to test the interactive effects of 

visual (IAPS pictures), music (fast and slow tempo music), and olfactory (orange and 

lavender smells) stimuli on participants’ emotional state. 

 First of all, the assumption of the emotion neutrality of each ideograph used was 

tested. However, this assumption was not confirmed (p < .01). To ensure that, we removed 

data of ideographs with a distance of one or more standard deviations from the overall mean 

scores. The data of the remaining 18 ideographs satisfied the assumption of neutrality (p > 

.05).  

To estimate the model we used the software R (R Core Team®, 2013) with the lme4 

package (Bates, Meachler & Bolker, 2013). We analysed the ideographs liking ratings as a 

function of the music, the smell, and the expected pictures valence, adding all their respective 

errors. We used a mixed model to account for the variability due to a repeated measures 

design, in which the subjects represented the grouping factor. The intercepts and the expected 

valence slopes were specified as random effects. Since the linear mixed-effect model 
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estimates these intercepts, it constitutes a better tool to investigate variability in participants 

and in expected valences than other traditional analysis methods, such as mixed multi-factor 

ANOVA (Baayen, Davidson, & Bates, 2008). The two within-subjects (i.e., smell and music) 

and the one between-subjects (i.e., three expected pictures valence: negative, neutral, and 

positive valence) factors, were specified as fixed effects, thus resulting in a mixed 2 x 2 x 3 

design model. Formally, the fitted model can be expressed as:  

  Yij = S + M + Ex + si + ij + εij 

where “Yij” is the liking rating of ideographs for participant (“i”) and picture (“j”), 

“S”, “M”, and “Ex” are the fixed effects of the independent variables (i.e., “S”= smell, “M”= 

music, and “Ex”= expected pictures valence), “si” and “ij” are the random effects accounting 

for between-subjects’ and expected picture valences’ variability and “εij
” is the overall error of 

the model.  

As expected, the analysis revealed a statistically significant priming effect of the picture 

valence on the ideograph judgment ratings (F(2, 79.05) = 7.03, p < .01). The exposure to 

neutral and positive valence of the IAPS pictures increased the liking ratings of the 

ideographs, compared to the exposure to negative valence pictures. The main effects of the 

music and smell were not significant, as well as the two-way interaction effects between each 

of the three independent variables (i.e., expected valence and music, expected valence and 

smell, smell and music). Finally, the three-way interaction effect was statistically significant 

(F(2, 79.05) = 3.31, p < .05). More specifically, the mean of the ideographs judgments 

significantly varied in function of the experimental condition and of the expected valence of 

the pictures to which the participant was exposed immediately before judging the ideographs. 

This indicates that the type of visual, olfactory, and auditory stimulation influences this 

judgement. In fact, when participants were exposed to neutral pictures with the auditory and 
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olfactory congruent combination (i.e., high-arousal smell and fast-tempo) the mean score of 

the ideograph liking ratings was higher and significantly different from the congruent low-

arousal condition (i.e., low-arousal smell and slow music tempo) (t(56.94) = 2.57, p < .05) 

(see Figure 4.3). 

 

Figure 4.3 The predicted mean values of the ideographs’ liking rate for the 3 factors of interactions:  3 expected 

pictures’ valence (negative pictures valence, neutral pictures valence, and positive pictures valence), 2 levels of 

smell (i.e., low-arousal: lavender, high-arousal: orange) and 2 levels of music (i.e., low-arousal: slow-tempo, 

high-arousal: fast-tempo).  
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Profile of mood state questionnaire (POMS). In the last part of the experiment, 

participants were asked to rate their emotional state post-stimulation through POMS. To 

further investigate this hypothesis and in order to group the emotional adjectives of the 

POMS, we performed an explorative factor analysis (EFA) on the participants’ ratings for the 

30 items constituting the POMS (see Table 4.1). The EFA produced six groups of emotions 

distributed across two dimensions (factor 1 = valence, factor 2 = arousal) (Bradley & Lang, 

1994): positive (α = .892), positive high-arousal (α = .779), positive low-arousal (α = .886), 

negative (α = .901), negative high-arousal (α =  .745) and negative low-arousal (α = .778) 

valence. 

 

Table 4.1 Two-factor solutions, resulting from the EFA performed on participants’ ratings of 30 POMS 

items. Factor 1 represents the valence dimension, whereas Factor 2 represents the arousal dimension. 
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Next, we performed a series of 2 × 2 (i.e., two levels of smell and two levels of music) 

ANOVAs to evaluate the effects of music and smell on the six groups of emotion valence 

obtained with the EFA.  

The results showed an interaction (see Figure 4.4) effect between music and smell on 

positive high-arousal emotional state (F(1,57) = 7.652, p < .05). In both the conditions of 

congruent arousal stimulation (i.e., high-low arousal smell and fast-slow tempo), positive 

high-arousal state was rated higher than in the incongruent conditions.  

 

Figure 4.4 Mean scores of the positive high arousal and positive low-arousal emotional states scored in self-

report questionnaire POMS: 2 levels of smell and 2 levels of music.  
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However, the Tukey post-hoc comparisons showed a marginal trend toward 

significance (p = .07) in the mean score of the positive high-arousal state between the 

congruent and the incongruent condition of high-arousal ambient stimulation, and the mean 

score in the incongruent condition.  

 

Heart rate (HR). Recordings of the blood volume pulse (i.e., BVP) sensor were 

analysed in terms of heart rate (i.e., HR). Primarily, high and low pass Butterworth filters 

were applied to the raw signal of the heart rate waveforms, in order to account for eventual 

drift and to clean signal noise (see Haag, Goronzy, Schain, & Williams, 2004).  The HR was 

measured as the number of beats within one minute. The HR delta scores were calculated for 

each participant and each trial (i.e., each picture presented with different content of valence) 

as the difference between the HR mean scores post-stimulation and the HR mean scores pre-

stimulation (2 s before pictures’ viewing). The HR change, occurring between 0 and 6 s of 

picture viewing, was considered the HR post-stimulation. Participants with more than 70% of 

missing data were excluded from the analyses and data of twelve participants were omitted, 

due to technical errors during the recording process. Thus, scores of fifty-four participants 

were analysed.   

As for the previous analyses, we used a mixed model to assess the trend of the HR 

changes during the stimulus presentation. Nevertheless, in contrast to the previous model used 

to analyze ideographs ratings, we modelled the HR time changes by using a mixed-effect 

polynomial model and testing for cubic, quadratic, and linear time effects (Bradley et al., 

2001). All higher-order parameters were included to test a nonlinear trend changing over 

time; thus, linear, quadratic, and cubic effects were added to the model, both for fixed and 

random effects.  
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A cubic model provided appropriate fit for the HR changes: in fact the HR changes 

had not a linear distribution (p > .05). The three-way interaction effect between music tempo 

(i.e., fast and slow tempo), smells with different arousal level (i.e., orange and lavender), and 

expected pictures’ valence was significant (F(2, 10190) = 5.42, p < .01) (see Figure 4.5). In 

particular, in the high-arousal condition and in the case of the priming with neutral pictures, 

the maximum interaction effect between ambient variables on the HR changes were scored. 

Significantly different to HR changes in the low-arousal condition and in the case of the 

priming with pleasant pictures (t(10190) = 2.70; p < .01).  

Figure 4.5 Graph of the mean scores of the HR predicted changes of the cubic mixed-model tested, in function 

of the different valence contents of pictures 
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However, neither the main effects of music and smell nor the main effects of expected 

valences were significant (p > .05). Interestingly, in the condition of congruent arousal 

activation, the HR was higher than in the other condition, even though with the priming of 

neutral pictures a deceleration of HR was observed (p < .01).  

In sum, the analyses of the HR changes have shown that expected valance of pictures 

affected the cardiac response. Additionally, the cardiac response was reduced when one of the 

two ambient stimuli were presented at low-arousal level. This suggests that the HR is only 

increased in congruent high-arousal setting, that is, when fast tempo music and a high-arousal 

scent are perceived. 

 

Skin conductance response (SCR). For the analysis of the skin conductance 

response, the maximum change occurring after the picture onset, from 0 to 6 s, was scored. A 

log transformation (log [SCR +1]) was performed to normalize the data. The SCR delta scores 

were calculated for each participant and each trial (i.e., each presented picture valence) as the 

difference between the SCR mean scores pre-stimulation (2 s before pictures presentation) 

and the SCR post-stimulation scores. Participants with missing data were excluded from the 

analyses; the scores of fifty-four participants were analysed. Similar to the analysis of the HR 

change, a polynomial mixed model was used to analyse SCR changes, testing for cubic, 

quadratic, and linear time effects (Bradley et al., 2001). Thus, as in the HR model, linear, 

quadratic, and cubic effects were added to the model, both for fixed and random effects. A 

cubic model perfectly fitted the data (p < .05). The three-way interaction between music, 

smell and the expected content valence of the pictures was significant (F (2, 12608.48) = 

4.22, p = .01). Moreover, the expected content valence of pictures (F (2, 49.19) = 6.75, p < 

.01) and the interaction effect between expected valence and music tempo (F (2, 12610.76) = 
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4.83, p < .01) significantly influenced the SCR change (see figure 4.6). The results showed 

that the effect of the congruent arousal stimulation on the SCR change post-pictures viewing 

was more marked, in comparison with the HR change after pictures viewing.  

 

Figure 4.6 Graph showing the mean scores of the SCR (µSiemens) predicted changes of the cubic mixed-model 

tested, in function of the different valence contents of pictures. 
 

Particularly, in the condition of maximum arousal activation (i.e., fast-tempo and 

orange smell) the SCR change score was higher and the effect was observable longer than in 

the other experimental conditions, however only with the negative pictures priming. In 
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addition, no evident effects on SCR change in the incongruent arousal condition were 

detected. Pictures with pleasant content were perceived as less attractive and less activating 

by participants, indeed they seem to get rapidly used to those pictures with a pleasant valence. 

That is, the SCR change during the viewing of the pictures with pleasant content was less 

intense and less persistent than that related to pictures with unpleasant content.  

4.4 General discussion  

4.4.1 Summary of results  

The present findings are of theoretical and practical importance. We showed that 

arousal congruence versus incongruence of auditory and olfactory environmental cues can 

influence the emotional response to visual affective stimuli (i.e., IAPS pictures). We used the 

implicit and the explicit assessment of the perceived emotions and the physiological responses 

(i.e., HR and SCR) to the visual, auditory and olfactory cues.  

In particular, the four main results of the present work overall showed how varying the 

valence contents of pictures presented with a different arousal ambient stimulation (i.e., 

congruent vs. incongruent) determinates a different implicit emotional assessment, besides a 

different physiological pattern of activation. First, an interaction effect of music and smell on 

the implicit assessment of emotion was showed only after the priming with neutral valence 

pictures; consequently, in both the congruence combination of the ambient cues (i.e., high-

arousal and low-arousal stimulation) the rate of ideograph liking was higher in comparison to 

the incongruent conditions of stimulation (i.e., fast-tempo music and lavender, slow-tempo 

music and orange). Second, the self-report questionnaire to assess the emotional state of 

participants after the experimental manipulation revealed once again an interaction effect of 

the two ambient variables (i.e., music and smell) on the positive high-arousal state. Indeed, in 
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the congruent condition of stimulation, the perceived high-arousal emotional state was rated 

higher in comparison with the incongruent condition (i.e., fast-music and lavender smell, 

slow-music and orange smell). On the contrary, the positive low-arousal state of emotions 

was influenced only by the music tempo; with the presence of slow-tempo sonata participants 

rated this perceived state higher compared to the conditions with fast-tempo music. Third, the 

measure of the HR changes showed a priming activating effect of the expected valence of the 

pictures in addition to an interaction of this priming effect with the two ambient variables we 

manipulated (i.e., music and smell). Particularly, in the condition with fast-tempo, high-

arousal smell and priming with neutral pictures, the maximum interaction effect of ambient 

variables were observed on the HR changes, in comparison with the condition of slow-tempo 

music, low-arousal smell and the priming with pleasant pictures. Fourth, a priming effect of 

the expected pictures valences, in addiction to an interaction between this priming effect, the 

music tempo and the smell on the SCR changes, were observed. In particular, in the condition 

of fast music and high-arousal smell with the priming of both neutral and pleasant pictures, 

the maximum effect of the ambient was registered, in comparison with the priming effect of 

unpleasant pictures in the condition of low-arousal stimulation (i.e., slow-tempo and lavender 

smell). In general, one more time, the interaction between smell and music on the SCR 

changes was clearly different in function of the arousal congruence of those two sensory 

modalities stimulation. 

4.4.2 Discussion  

Classical music with different tempo and smell with different affective state, taken 

together, can markedly enhance the emotional responses to affective pictures. These findings 

are in line with previous literature on the synergic effect of affective music and pictures on 

emotions (Baumgartner et al., 2006; Koelsch et al., 2004). However, to our knowledge, the 
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present study is the first one that tried to assess the combined effect (congruent vs. 

incongruent) of multisensory arousing stimuli on the emotional experience evoked by 

affective pictures.   

In particular, the emotions perceived by the participants were investigated using 

implicit tests and self-report questionnaires. On one side, the task to rate the liking of neutral 

Chinese ideographs allowed the participants to implicitly report the valence of the emotion 

that they were experiencing immediately after the exposition to pictures with neutral contents 

and with different valence contents of emotions (i.e., pleasant and unpleasant). The results of 

this implicit assessment of emotions clearly showed that listening to classical music and 

smelling affective scents could significantly influence the subsequent evaluation of those 

ideographs. This ambient effect was larger and significant for the priming with neutral 

pictures; particularly, the congruent combination of both auditory and olfactory cues 

increased the liking rates, despite of the arousal level of those ambient cues. Instead, the 

visual affective information seemed to be more salient and predominant on the other two 

sensory channels (Campbell, 2008; Recanzone, 2009; Smith, 2007). In fact, a clear interaction 

effect between music and smell did not emerge in the implicit evaluation of emotion after the 

exposition to unpleasant and pleasant pictures. Therefore, the emotional content elicited by 

pictures (i.e., unpleasant and pleasant) cannot be completely modulated by ambient stimuli. 

On the other side, the measurements of how the participants perceived their emotional state 

post-stimulation, through POMS questionnaires, permitted to evaluate the overall arousal 

level after the experimental manipulation. The results of this explicit assessment of emotion 

interestingly showed a higher rate of positive high-arousal emotion, in conditions of a 

congruent combination of arousal stimulation. As we expected, there was not a marked effect 

of the arousal level of the stimulus types (i.e., lavender and slow-tempo, orange and fast-
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tempo) on the self-assessment of emotion, despite of a marked effect of the combined 

congruent ambient cues. In the self-assessment of emotions, the higher level of the high-

arousal state estimated by participants in the congruent ambient condition (high-arousal vs. 

low-arousal stimulation) can be maybe due again to the combined additive congruency effect 

of ambient stimulation rather than to the expected arousing levels.  In contrast, with the effect 

of congruent combination of arousal ambient cues (i.e. fast-tempo and orange smell, slow-

tempo and lavender) on the participants’ perception of the high-arousal emotional state, the 

positive low-arousal emotional states had a strong correlation with only congruent low-

arousal stimulation. In particular, in the condition of lavender smell and slow-tempo, this 

emotional state was scored higher in comparison with the rates of the other conditions. 

However, this result seemed to be mostly due to the predominance of the music tempo, in line 

with previous studies that showed that music can transfer emotion to visual stimuli 

(Logeswaran & Bhattacharya, 2009). Prior research has also shown that participants can self-

evaluate their autonomic nervous system activity with difficulty (Alaoui-Ismaili et al., 1997): 

Participants’ self-reported arousal does not correlate highly with their awareness of their 

physiological activation (Li, 2008). 

In summary, the results of the emotions’ self-assessments interestingly highlighted 

how affective stimuli presented in distinct modalities (i.e., auditory and olfactory) were 

mainly considered as more incisive and so with high influence on the emotional response of 

the participants, when presented in a congruent affective condition. In the present study, the 

cross-modal affective stimulation was modulated in the case of congruent ambient cues in 

terms of emotional arousal (i.e., music with different tempo and smells with different arousing 

level). Indeed, this multimodal integration of affective information stimuli supported the 

assumption that humans automatically evaluate afferent affective stimuli information thanks 
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to an evaluative decision mechanism (Hermans, Baeyens, & Eelen, 1998; Zajonc, 1980). The 

main effect of the affective congruence stimuli on the perceived emotions was confirmed as a 

strategic cognitive process for simplifying the arousing information coming from the same 

temporal and spatial window form the surrounding environment. Indeed, when the arousing 

ambient cues were incongruent, they had a reduced impact on the evaluation of the emotions, 

even in presence of modality predominance (i.e., visual affective pictures).  

The physiological indices (i.e., HR and SCR) of the participants were collected 

throughout the emotion elicitation phase (i.e., IAPS pictures exposition) with the aim to 

evaluate different automatic reactions due to the combined ambient cues (i.e., music and 

smell) stimulation with congruent and incongruent arousal dimension intensity. Our findings 

show a differentiation of physiological responses in function of the valence of the priming 

pictures and of the music tempo and arousing smell congruence stimulation. 

 In general, the physiological responses to affective cues are determined by a co-

activation of both sympathetic and parasympathetic systems (Cacioppo et al., 1999). These 

physiological indices are typically characterized by cardiac deceleration, followed by a shift 

toward acceleration (Graham, 1979) and moderate electro-dermal increase (Vasey & Thayer, 

1987). Normally, the affective visual stimuli in a passive viewing mode provoke a transitory 

physiological response that varies in function of the presented pictures valence (Baumgartner 

et al., 2006). The current results of the HR changes clearly highlighted an initial cardiac 

deceleration as response to the affective priming with pictures. However, this deceleration is 

marked in the condition of congruent high-arousal stimulation, with all type of pictures, and 

the HR per minutes before the pictures exposition seemed to be higher than the other 

condition. In general, participants were extremely activated by the combined stimulation with 

fast-tempo music and orange smell; this activation amplified the cardiac deceleration in 
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response to all the affective pictures. Though, the pattern of that cardiac response was 

different in function of the pictures valence the participants were exposed to. On one side, in 

the case of the priming with pleasure pictures, there was no correlation with metabolic 

demands and thus evoked moderate automatic activation; this result is in line with previous 

literature (Bradley et al., 2001). Indeed, our results of the HR change showed an initial cardiac 

deceleration that remains stable for all picture exposition, paralleling results that were 

obtained with neutral pictures. Thus, positive emotions may recover faster from the 

cardiovascular activation than negative emotions (Levenson, 1994). On the other side, in case 

of priming with unpleasant stimuli, some scholars proposed a similarity with animal reactions 

on the basis of the physiological reactions to aversive stimuli (Bradley et al., 2001; Lang et 

al., 1997): Just like other mammals, human participants in the laboratory may react to the 

negative valence of pictures with a freezing state, consistent with the defence cascade model 

(Bradley & Lang, 2000; Lang et al., 1997). Our findings showed a marked cardiac 

deceleration after the exposition to negative pictures, which involved an arousal reaction 

greater than that elicited by the exposition to neutral and pleasant pictures.  

Besides the results of HR changes, our findings of the SCR changes showed an 

electrodermal response to the affective priming with pictures, in line with previous research 

(Bradley et al., 2001). However, once again, as with the HR responses, the pattern of the 

electrodermal increase was different in function of the picture valence to which participants 

were exposed. 

In the case of priming with pleasant pictures, as in the HR changes, there was a 

moderate automatic activation; this result is consistent with previous literature (Bradley et al., 

2001). In fact, the SCR changes after the priming with positive pictures showed a rapid 

habituation effect with a subsequent immediate decrease, which was the consequence of the 
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pleasure of relaxation coming from the exposition to positive pictures. Instead, the SCR 

responses after neutral pictures had an initially slow increment that was rapidly backed to the 

normal electrodermal activity in few seconds after picture exposition.  

On the other side, the priming with negative pictures, as explained in the paragraph 

about the HR results, showed a rapid marked SCR increase. These affective responses serve a 

survival function consistent with the defence cascade model and reflect the motivational 

system (Bradley & Lang, 2000; Lang et al., 1997). This marked increase was higher in the 

condition of congruent high-arousal stimulation (i.e., fast music and orange smell) than in the 

condition of low-arousal congruent stimulation and in both incongruent conditions.  

In summary, in our study, the physiological indices rapidly changed (i.e., HR 

decreased and SCR increased), mainly in the condition in which music and smell were in the 

congruent high-arousal condition (i.e., orange smell and fast-tempo). In a situation with high-

arousal level, participants were prepared to promptly react to aversive stimuli. Moreover, the 

current findings were perfectly in line with the assumption that SCR is more reactive to the 

arousal dimension (Bradley & Lang, 2000; Khalfa et al., 2002; Sokhadze, 2007), while HR 

seems to be more related to the affective valence of visual stimulation (Lang et al., 1997; 

Sokhadze, 2007). 

From a neuroanatomical prospective, the impact of the combined stimulation with 

congruent and incongruent auditory and olfactory ambient cues on the processing of 

emotional visual stimuli supports the integration theory of emotional neural network 

substrates. Indeed, the amygdala is a fundamental structure in emotion detection, both in 

animals and humans (see Armony, 2013 for a review): Empirical evidence from imaging 

studies have shown that the amygdala plays an important role in the processing of emotional 

visual (Phan et al., 2002), auditory (Klinge, Eippert, Röder, & Büchel, 2010) and olfactory 
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cues (Gottfried et al., 2002). Our findings strongly support this evidence; the interaction 

between olfactory and auditory cues directly influences the processing of emotional visual 

cues. Future studies using neuroimaging techniques are needed to identify the brain areas 

involved in this multisensory integration, in the case of arousal. 

In conclusion, in the present study, the cross-modal interaction between emotional 

stimuli presented in different modalities (i.e., visual, auditory, and olfactory) was tested using 

both behavioural and physiological measures. The presentation of visual affective cues in the 

same temporal window of congruent and incongruent (in terms of arousal intensity) auditory 

and olfactory cues showed a main effect of congruence of the ambient stimuli on the implicit 

and explicit perception of the emotional state. Our findings, relative both to physiological and 

self-report measurements, are in line with previous studies that investigated emotional 

reactions associated with the processing of affective pictures (Lang et al., 2001). Even the 

different effect, as experienced by participants, of the affective stimuli in three sensory 

modalities on the perceived emotional state (i.e., implicit and self-reported) and the profile of 

the physiological reactions support previous findings on the effect of scents on emotions 

(Chrea et al., 2009; Schifferstein et al., 2011). More importantly, this study specifically 

showed that it is the congruency between the affective information arriving from different 

sensory modalities (i.e., olfactory and auditory) that operates like a sort of “emotional 

synaesthesia”, amplifying the emotional reactions to affective pictures, in this case based on 

congruency and not on coherence of the ambient sensory information (e.g., consistent 

synesthetic perception) (Banks et al., 2012; Hochel et al., 2009). To the best of our 

knowledge, this study is one of the first studies that showed how the crossmodal congruency 

could improve the emotional experience.  
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4.4.3 Practical implications 

The investigation of multisensory integration in the cause of emotions has enormous 

implications in the consumer behaviour research. From a practical perspective, emotional 

states evoked by marketing stimuli have indeed been found to exert a significant impact on 

consumer behaviour (e.g., Donovan & Rossiter, 1982; Donovan et al., 1994; Dawson et al., 

1990; Laros & Steenkamp, 2005; Swinyard, 1993; Watson & Spence, 2007). For instance, 

Sherman, Mathur and Smith (1997), basing their work on the stimulus-organism-response 

framework, suggested that the environment of the store and consumers’ emotional states 

could influence purchase behaviour. Walsh, Shiu, Hassan, Michaelidou and Beatty (2001), 

found that store-related cognitions influence emotions and particular emotions could mediate 

the relationship between cognition, satisfaction, and loyalty. Moreover, Cheng, Wu, and Yen 

(2009) found that store atmospherics (e.g., music and colour) can play an important role in 

consumers’ emotions in online settings, which in turn can influence consumer behaviour. 

Furthermore, sensory information can directly influence consumers’ emotions and subsequent 

behaviours (e.g., Krishna, 2012). Mattila and Wirtz (2001) showed that, when the arousal 

levels of ambient smell and background music matched consumers’ evaluations of the 

shopping experience, the shopping experience definitely can be enhanced. Moreover, 

Schifferstein, Talke and Oudshoorn (2011) demonstrated that ambient smells could influence 

consumer’s mood in a nightlife setting.   

It is important to note that consumers generally perceive the world in a multisensory 

way, and the interaction between sensory information can influence emotional responses 

differentially. For example, Morrison, Gan, Dubelaar, and Oppewal (2011) showed that both 

the volume of music and the presence of a vanilla aroma can have a significant impact on 

shoppers’ emotions and satisfaction levels. Spangenberg et al. (2005) demonstrated that the 
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effects of an ambient Christmas smell are moderated by the nature of the background music 

and, in particular, that non-congruent combinations are unlikely to elicit favourable outcomes. 

Michon et al. (2005) observed that the interaction between (arousing) fast tempo music and 

citrus ambient odour triggers some cognitive processing through shoppers’ perception of the 

mall environment. Taken together, these results provide evidence for the idea that there is a 

relationship between sensory information, emotional processes and consumer behaviour. 

Consequently, it is fundamental to thoroughly investigate the multisensory integration in the 

case of emotion elicitation. The present study is the first laboratory research that attempted to 

test the influence of music and smell on visual affective stimulation. The literature, previously 

discussed, showed how the manipulation of the sensory information influences the emotional 

processes and so the consumer behaviour. Indeed, the present findings have important 

practical implications in the sensory marketing field. For instance, from those results future 

research can be developed to investigate this combined multisensory interaction on the 

evaluation of products’ quality or on the general experience of consumers.     

4.4.4 Limitations and further research  

There are some limitations that need to be mentioned. First, there is no possibility to 

have a control condition in which both smell and music would be neutral, as a neutral 

stimulus could not be used as a music piece because every type of music transmits emotional 

information (Baumgartner et al., 2006; Krumhansl, 1997). Second, the timing of emotional 

processing represents an issue that needs to be controlled (Sabatinelli et al., 2009); for 

example the time of exposure to pictures and the number of pictures presented could modify 

the emotional processing, reactions, and even influence the habituation effects (Carretié, 

Hinojosa, & Mercado, 2003). In our study, the experimental paradigm of picture presentation 
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closely resembled the one already used by Bradley et al. (2001) in their research to avoid any 

timing bias.   

Third, it is possible that the self-report questionnaire for the explicit assessment of the 

emotional experience may have induced linguistic and/or cultural bias in participants (i.e., 

different interpretation of the same emotional label due to language differences). In order to 

avoid those kinds of biases, future research designs should not use such item-based self-report 

questionnaires. Instead, more consistent explicit measures of emotion, such as the Self-

Assessment Manikin (Bradley & Lang, 1994) could be used to avoid any problem regarding 

linguistic and cultural bias (Levenson et al., 1992; Stearns & Parrott, 2012). The self-report 

questionnaire used (i.e., POMS) in the present work aimed to investigate the participants’ 

introspective assessment of emotions. The measure of the perceived emotions through 

questionnaires based on adjectives that describe emotional state give extensive knowledge of 

the emotional state of people but at the same time, it requires a homogenous sample of 

participants, in terms of cultural background.   

In addition, an issue that could be of great theoretical and practical importance is to 

consider a cross-cultural sample. Few studies have investigated the cross-cultural comparison 

in the emotional responses to music (e.g., Gregory &Varney, 1996; Higgins, 2012) and to 

odours (e.g., Ayabe-Kanamura et al., 1998; Ferdenzi et al., 2011; Levitan, et. al., 2014) and 

there is lack of studies on the combined effect of music and odour in different countries.  

In general, basic research such as in the present study provides new knowledge on the 

cross-modal interaction in the context of affective information, in the case of arousal. In doing 

so, the present study can be expected to stimulate further research in both neuropsychology 

and sensory marketing. The interaction between different sensory modalities (i.e., vision, 

audition, olfaction, taste, and touch) in terms of affective responses (i.e., positive and negative 
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emotions) and affective modulation (i.e., reduce or increase an affective reaction), is far to be 

extensively investigated.  
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CHAPTER 5 - Crossmodal Correspondences between Odours, 
Sounds, Shapes, Colours, and Emotions: A Preliminary Study 

5.1 Introduction  

From birth, humans are surrounded by a myriad of chemical molecules that stimulate 

the perception of smell in every moment of their life. The olfactory system is virtually able to 

recognize and discriminate among millions of different chemical compounds (see Chapter 2, 

paragraph 2.4). However, during the course of evolution, humans have accumulated mutations 

that disrupted olfactory receptors. Interestingly, those mutations are thought to have occurred 

faster than in any other species sampled (see vomeronasal organ– VNO, paragraph 2.4), for 

example apes. This process is probably still in progress, and it is likely due to an increased 

dependence of humans on sight and, at the same time, to a decreased chemosensory 

dependence, compared to apes or other animals (Gilad, Man, Lancet, & Pääbo, 2003). Despite 

this disruptive process of humans’ olfactory receptors, recent work using non-invasive near-

infrared spectroscopy to detect oxygenation levels during cortical activity has shown that the 

human olfactory system in infants is perfectly functional from the first months. For instance, 

vanilla smell can stimulate the olfactory cortex (lateral and anterior orbitofrontal gyri of the 

frontal lobe) in new-borns from 6 to 8 h after birth (Bartocci et al., 2000). In contrast, some 

other sensory modalities have not yet matured at birth (i.e. sight). Furthermore, infants whose 

mothers ate anise during pregnancy have shown a stable behavioural marker of attraction 

when exposed to anise odour. On the contrary, infants whose mothers had not eaten anise 

displayed aversion or neutral responses to it. These results surprisingly demonstrated that the 

mother’s diet during pregnancy influences the initial hedonic olfactory responses of their 

neonates (Schaal, Marlier, & Soussignan, 2000). 
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However, olfaction remains the least investigated and understood of the senses (Keller 

& Vosshall, 2004). The combined effects of information from different sensorial modalities 

directly influence olfactory perception (Marks, 1975). Indeed, these complex crossmodal 

influences are of paramount importance when studying olfaction, as has already been 

demonstrated for crossmodal influences on other sensory modalities (see Spence, 2011). In 

fact, several crossmodal associations have been demonstrated by previous studies, for 

example between vision and olfaction during grasping movement (Castiello et al., 2006; List, 

Iordanescu, Grabowecky, & Suzuki, 2012; Chen et al., 2013). Participants were requested to 

smell an odour and grasp an object (e.g., a strawberry). The results suggested that participants 

frequently opened their fingers wider when the odour evoked a large object (e.g., orange) as 

compared to an odour evoking an object of smaller size (e.g., almond) or with no-odour. 

Similarly, Lundström, Boyle, and Jones-Gotman, (2006) showed that an individual’s body 

position can alter olfactory sensitivity. The authors, during an experiment with phenylethyl 

alcohol PEA (i.e., rose odour) demonstrated that participants had a greater olfactory 

sensitivity when smelling the PEA in an upright compared to a supine position.  

Moreover, crossmodal associations have also been reported between odours and 

auditory stimuli. Belkin, Martin, Kemp and Gilbert (1997) demonstrated that a series of 

smells were differently matched to a scale anchored on one side to a low-pitched tone and on 

the other side to a high-pitched tone. Recently, crossmodal interactions between smells and 

sounds have been shown. In fact, Crisinel and Spence (2012) demonstrated that some odours 

(i.e., apricot, blackberry, musk, vanilla and raspberry) are preferentially matched to a specific 

kind of instrument (i.e., piano, strings, woodwind and brass) depending on the pitch of the 

note played. Furthermore, Velasco, Balboa, Marmolejo-Ramos, and Spence (2014) showed 
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that participants rated a series of odours as less pleasant and sweet when matched to a white 

noise with respect to either a congruent or incongruent music selection.  

In a pioneering experiment, Gilbert et al. (1996) used an adapted version of a 

questionnaire-based experimental paradigm to quantify the synesthetic relations between 

some sensory modalities and emotions (Rader, 1979; Rader & Tellegen, 1987), and, 

furthermore, to investigate the link among odours, colour, mood and line elements. This study 

was composed by two experiments. In Experiment 1, participants matched 20 odours with 11 

names of colours. Subsequently, in Experiment 2, participants matched the same sequence of 

smells (i.e., 20 odours) to a series of Munsell odour chips: 13 essences were matched 

consistently with the previous associations colour-name of Experiment 1.  

Previous research has also demonstrated the existence of crossmodal correspondences 

between smells and colours (Kemp & Gilbert, 1997; Morrot, Brochet, & Dubourdieu, 2001, 

Schifferstein, & Tanudjaja, 2004), using a variant of the implicit association test (IAT) 

(Demattè, Sanabria, & Spence, 2006). The authors found significant associations, for 

example, between strawberry and pink and red colour, and between spearmint and turquoise. 

Furthermore, even the crossmodal correspondences between odours and the classical visual 

“Bouba-Kiki” shapes of Gestalt psychology have been investigated (Hanson-Vaux, Crisinel, 

& Spence, 2013). The authors used a series of 20 odours and asked their participants to rate 

them on scales anchored with rounded and angular shapes (“Bouba” and “Kiki”, 

respectively). Hanson-Vaux et al. (2013) found that lemon and pepper odours were 

significantly associated with the angular shape, while raspberry and vanilla were linked to the 

rounded shape. Furthermore, Seo et al. (2010) showed that odours generally judged as 

pleasant are associated with circle or curve-shaped abstract symbols, whereas unpleasant 

smells are mainly associated with square or angular-shaped symbols. Moreover, these 
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researchers demonstrated that phenylethanol PEA (i.e., violet odour) and 1-butanol (i.e., 

parmesan odour), rated as pleasant and unpleasant respectively, were judged as more intense 

when associated with congruent shapes (i.e., rounded or angular) compared to no symbol (i.e., 

a white area). In addition, Seo et al., (2010) demonstrated that the association between a 

specific smell and the appropriate congruent shape results in a greater amplitude and shorter 

latencies in the N1 peak of olfactory event-related potentials. Thus, there seem to be robust 

associations between visually-presented shapes (i.e., rounded and angular shapes), colours 

and odours; those associations seem to be ascribed to different to different characteristics of 

smells themself (e.g., semantic association and hedonic value). Therefore, an increasing body 

of research confirms the existence of crossmodal associations between the sense of smell and 

other senses (see Spence, 2011; Stevenson & Boakes, 2004; Stevenson, Rich, & Russell, 

2012). Such a conclusion was reached through a series of experiments that have mostly 

separately investigated crossmodal associations between a large series of odours and specific 

dimensions of sensorial modalities (e.g., Deroy, Crisinel, & Spence, 2013; Hanson-Vaux et 

al., 2013; Crisinel et al., 2013). Indeed, those studies have identified some smells connected to 

certain crossmodal associations (Belkin et al., 1997; Crisinel & Spence, 2012; Stevenson & 

Boakes, 2004). Starting from these findings, the aim of the present preliminary study is to 

investigate the effects of crossmodal interactions in smell perception. In particular, 

crossmodal interactions between smell and different sensory modalities and emotions (Gilbert 

et al., 1996; Schifferstein, & Tanudjaja, 2004) will be investigated by means of an association 

task. Indeed, the investigation of those associations (i.e., crossmodal and with emotions) is 

crucial in order to identify the main attributes related to an odour. The identification of those 

main attributes allows classifying odours in function of their distinctive attributes, in terms of 

associations with other sensory modalities and emotions. A restricted pool of common odours 
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was selected as olfactory stimuli, which have already significantly demonstrated their 

associations and interactions with other senses (i.e., vanilla, lemon, strawberry, and rosemary) 

(Belkin et al., 1997; Crisinel et al., 2013; Demattè et al., 2006, 2009; Deroy et al., 2013; 

Hanson-Vaux et al., 2013). To the best of our knowledge, this is the first research that tries to 

classify smells using attributes distinctive of other sensory modalities. 

 

5.2 Materials and methods  

5.2.1 Participants  

Seventy participants (M = 23 years, SD = 2.9, 50 female) took part in the experiment. 

The procedure followed a between-subject experimental design. All the participants gave 

written consent prior to their participation. The experiment described here was performed in 

accordance with the ethical standards laid down in the 2008 Declaration of Helsinki and was 

approved by the local ethical committee. The experiment lasted for approximately 20-30 

minutes. People who reported to be affected by any olfactory or auditory dysfunction, as well 

as by temporary conditions known for altering the sense of audition and olfaction (i.e., cold or 

flu) were excluded from the experiment. 

5.2.2 Stimuli  

Four odours were used as olfactory stimuli. Specifically, vanilla (commercial name 

4398), lemon (commercial name 8592), rosemary (commercial name 22331), and strawberry 

(commercial name 24631) obtained from Agieffe International® (Milan, Italy) were selected 

as olfactory stimuli. These alcohol-free and water-soluble odours (25% pure essential oil) 

were diluted at a concentration of 10% in water. The olfactory stimuli were selected based on 
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previous literature (Belkin et al., 1997; Crisinel et al., 2013; Demattè et al., 2006, 2009; Deroy 

et al., 2013; Hanson-Vaux et al., 2013) arguing that some odours (i.e., vanilla and strawberry) 

are more frequently associated with rounded shapes, red colour, and low sound pitch, while 

some other odours (i.e., lemon and rosemary) are frequently associated with angular shapes, 

yellow colour, and high sound pitch. In addition, a neutral odour (i.e., compressed medical 

air) was used as control olfactory stimulus. 

The olfactory stimuli were delivered by a custom-built computer-controlled 

olfactometer that allowed regulating the exact timing of the olfactory stimulation and the 

saturation of the odour perceived by the participants. In addition, the olfactometer permitted 

the delivery of odourised and odourless air. This airflow was set at pressure of 0.2 Bar, 

through a manometer. One of the valves was connected with a small glass bottle that 

contained one odour at a time for each of the experimental sessions. The odour was delivered 

to the participants’ nose through a medical mask.  

 In order to avoid any habituation effect, the odour was presented at regular intervals 

rather than in a continuous manner throughout the experimental session. Particularly, the 

odours were diffused every two stimuli and the stimulation lasted until the participant’s 

response.  

The nineteen pairs of attributes selected as visual and auditory stimuli for the 

evaluation of the four odours (i.e., angular and rounded shapes, colours, emotions, phonemes, 

hedonic and sensory adjectives, and sounds) were used as anchors of the visual analogue 

scales (VAS). Specifically, in order to investigate the sound-symbolic associations between 

odours and graphemes, the visual shape stimuli (Hanson-Vaux et al., 2013)(see Figure 5.1) 

and two pairs of non-word phonemes (i.e., “bouba-kiki” and “maluma-takete”) were used, as 

originally outlined by Köhler (1929). The colours selected to investigate the associations 
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between odours and colours were two pairs of colours that differed in terms of colour 

temperature (i.e., yellow-violet and red-blue; Gilbert et al., 1996; Schifferstein & Tanudjaja, 

2004). Each colour was presented as a circle with a diameter of 1 cm. The pairs of adjectives 

used to investigate the emotional valence of the odours were selected on the basis of Ekman’s 

basic emotions (i.e., sad-happy, attracted-disgusted, not scared-scared, indifferent-surprised, 

not angry-angry; Ekman et al., 1972), with the addition of a state related to the arousal level 

(i.e., relaxed-energetic). Furthermore, five pairs of adjectives were selected to investigate 

attributes of odours related to sensory perception (i.e., soft-hard, salt-sweet, short-tall, light-

heavy). In addition, two additional pairs of attributes were selected to verify the hedonic 

characteristics of these odours (i.e., pleasant-unpleasant, embracing - repulsive) and gender 

traits (i.e., male-female).  

Figure 5.1 The angular and rounded shapes used as visual stimuli during associative task. 

 

The cross-modal association between odours and auditory cues was investigated. The 

auditory cues were created with the software Audacity (Audacity 2.0.5®, the Free, Cross-

Platform Sound Editor) for a duration of 500 ms and were presented over stereo headphones 

(Sennheiser HD 280 PRO) at a level of 40 dB. The auditory trials consisted of four sine 

sounds (stereo, 44100 Hz, 32 bit): two low-pitched sounds (110 Hz, A2) and two high-pitched 

sounds (1500 Hz, between F#6 and G6). The sounds were presented in pairs of two, in a 

counterbalanced order (i.e., low-pitched and high-pitched; high-pitched and low-pitched). In 
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particular, the sounds were arranged in pairs of two high-pitched and low-pitched sine sounds 

in a dichotic way (i.e., high-pitched presented on the left ear and low-pitched presented on the 

right ear); this series of sounds was repeated two times with a pause of 4 ms in-between (i.e., 

high-pitched/low-pitched, pause, and again high-pitched/low-pitched). In order to simply the 

association of the odours with the two types of sounds (i.e., low and high pitched) the VAS 

scales were anchored with the adjectives corresponding to the attributes of sounds (e.g., low 

pitched-high pitched), presented on the left or on the right. 

5.2.3 Procedure  

The procedure followed a between-participant experimental design and the experiment 

was designed and conducted using the E-Prime 2.0 software (Psychology Software Tools, 

Inc.). The participants were randomly assigned to one of the five experimental sessions, 

corresponding to the four odour conditions plus the no-odour control condition. The 

volunteers were comfortably seated on a chair in the experimental booth approximately 60 cm 

from a laptop (resolution 1024 x 768 pixels, refresh rate 60 Hz) and were asked to wear the 

earphone and the medical mask to smell the odours.  

The participants were instructed to rate the odour presented through all the nineteen 

pairs of trials, by means of 150 mm long visual analogue scales (VAS)(see Figure 5.2). The 

VASs were presented in the centre of the PC screen and the participants had to use the mouse, 

with the right hand, in order to select the desired point on the scale. All the pairs of stimulus 

to be evaluated in association with the odour were randomly presented in a counterbalanced 

order of presentation, this was done to avoid any lateralized anchor position effects or order 

effects. In fact, every participant was exposed to forty-two trials, half of the trials with the 

order of anchors left-right and the other half of the trials with the reversed order right-left 

(e.g., “kiki”-“bouba” and “bouba”-“kiki”).  
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Figure 5.2 An example of the VAS scale used to measure the association between smells and the nineteen-pairs 

of attributes selected. Participants used the mouse to select the desired point on the scale the VAS presented on 

the PC screen. 

5.3 Results  

The data were analysed with STATISTICA 6.0 (StatSoft, Italy). The relationships 

between all independent variables (i.e., nineteen pairs of attributes) were assessed by 

calculating the Pearson’s correlation coefficients. This analysis revealed the presence of 

significant positive and negative correlation between some of the variables considered (see 

Table 5.1).  

Afterwards, a between-participant MANOVA was performed to assess score 

differences of the nineteen pairs of attributes (dependent variables) among the four odour 

conditions (i.e., vanilla, lemon, rosemary, strawberry) plus the no-odour condition (i.e., air) 

(independent variables). These analyses of variance revealed a significant main effect of 

odours on attributes related to the sensory perception of weight (F(4,65) = 3.32, p = .022) and 

on auditory cues related to pitch (i.e., low and high pitched). In particular, New-Keuls post-

hoc tests showed that pure air was rated as significantly heavier than vanilla (p = .019), 

rosemary (p = .023), and strawberry (p = .032) (see Figure 5.3, A). Additionally, New-Keuls 

post-hoc tests indicated that pure air was perceived as more associated to low-pitched sounds 

than lemon (p = .049), rosemary (p = .012), and strawberry (p = .009), which were perceived 
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as more associated with high-pitched sound (see Figure 5.3, B), instead. No additional 

significant differences were found for all the remaining attributes (all 1 ≤ F (4,65) < 2; n.s.). 

Moreover, twelve mixed-ANOVAs with type of smell as a between-participants factor 

and pairs of attributes as a within-participant factor were performed, from the results obtained 

by the Person’s correlation coefficient matrix (r > .35, see Table 5.1). In particular, the 

following differences were tested: (1) between auditory cues (i.e., low-high pitched) and 

attributes related to weight (i.e., light-heavy), (2) between attributes related to colour (i.e., 

red-blue) and attributes related to emotional activation (i.e., relaxing-energetic), (3) between 

the two types of phonemes (i.e., kiki-bouba and maluma-takete), (4) between emotional 

attributes (i.e., attracted-disgusted and embracing-repulsive), (5) between attributes related to 

emotions (i.e., attracted-disgusted) and attributes related to hedonic valence (i.e., 

pleasantness-unpleasantness), (6) between attributes related to hedonic valence (i.e., 

pleasantness-unpleasantness) and emotional attributes (i.e., embracing-repulsive), (7) between 

emotional attributes (i.e., not angry-angry) and attributes related to sensory perception (i.e., 

short-tall), (8) between emotional attributes (i.e., embracing-repulsive) and attributes related 

to sensory perception (i.e., salt-sweet), (9) between emotional attributes (i.e., embracing-

repulsive) and attributes related to sensory perception (i.e., hard-soft), (10) between attributes 

related to sensory perception (i.e., sweet-salt and hard-soft), (11) between attributes related 

hedonic valence (i.e., pleasantness-unpleasantness) and phonemes (i.e., maluma-takete), (12) 

between emotional attributes (i.e., embracing-repulsive and not angry-angry) and phoneme 

(i.e., maluma-takete). However, the results showed only a significant interaction effect of 

odours and pairs of attributes (i.e., low-pitched – high-pitched and light – heavy; F (4,65) = 

5.787, p < .01).  
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Figure 5.3 Participants’ mean association scores of each odour with attributes related to the sensory perception 

of weight (i.e., light and heavy) (A) and attributes related to pitch of auditory cues (i.e., low and high pitched) 

(B). Asterisks represent Newman-Keuls significant differences at p < .05. 
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5.4 Discussion and conclusion 

 The findings of this preliminary study highlight the existence of crossmodal 

associations among odours, sensorial attributes (i.e., attributes related to the perception of 

weight), and auditory pitch (i.e., low-pitched and high-pitched sounds). 

In particular, the first significant result showed that the majority of the smells that 

were tested (i.e., lemon, rosemary, and strawberry) were perceived as and associated to high-

pitched sounds, compared to the control smell (i.e., air). In fact, the association between 

odours (i.e., perfume smells) and pitches (see Belkin et al., 1997), as well as the matching of 

certain odours with specific musical instruments (Crisinel & Spence, 2012) have been 

previously shown. From these literature findings, it becomes clear that fruit smells would 

seem to be associated with higher-pitched sounds. The present results thus are in line with 

previous research that has shown an association of two main qualities of fruit taste (i.e., sour 

and sweet) with high pitch (Crisinel & Spence, 2010). 

Unexpectedly, one out of four smells tested in the present study (i.e., vanilla) did not 

show this association with high pitch, despite the findings reported in previous studies. In 

fact, vanilla is a smell that has been linked to high-pitched sounds (Belkin et al., 1997; 

Crisinel & Spence, 2010, 2012). In the present study, the lack of significant results in the case 

of vanilla smell might be caused by the specific chemical compounds of vanilla essence that 

were employed in the present study and that were different compared to earlier studies, and 

also by the perceived intensity of the smell. However, those issues (i.e., differences in the 

chemical components and perceived intensity) make it hard to directly compare the evidence 

of the current study with previous results. 

The second significant result obtained showed that the participants perceived the 

majority of the tested smells (i.e., vanilla, rosemary, and strawberry) as lighter compared to 
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the control smell (i.e., air). This effect, to the best our knowledge, is reported here for the first 

time in the multisensory literature. Two explanations of this novel finding are possible: First, 

the association between smells and weight may be driven by the combination of a crossmodal 

link between odour and size and a link between size and weight. Previous research has 

demonstrated that odours are related to the perception of the size of an object (Castiello et al., 

2006). Then, the automatic semantic association between objects linked to a smell may allow 

participants to judge that smell as heavier in comparison to a smell linked to a smaller object. 

Clearly, this kind of interpretation needs to be investigated further. For instance, in a work by 

Castiello and colleagues (2006), this interaction occurred between smells of two fruits of 

different dimensions (i.e., orange and strawberry), and not between those smells and air. In 

fact, even in the present study, air did not show significant this kind of association effect.  

Second, the association between smells and weight may be explained by crossmodal 

links between odours and colours, and between colour and weight. Crossmodal associations 

between odours and colours have been investigated previously (Demattè et al., 2006; Kemp & 

Gilbert, 1997; Morrot et al., 2001; Schifferstein, & Tanudjaja, 2004). These automatic 

crossmodal associations between colours and odours may transfer properties that are usually 

associated with colour to smell, such as in this case the perception of weight (see Spence, 

2011). In parallel, pitch of sounds has been shown to be associated with perceived weight and 

colour as well (Simpson, Quinn, & Ausubel, 1956; Eitan & Timmers, 2010). Higher-pitched 

sound is typically associated with brighter colour. This interpretation is also corroborated by 

the results obtained in the present research regarding auditory pitch. Once again, this kind of 

interpretation needs to be investigated further.  

Moreover, in previous research it has been demonstrated that different sounds 

differently modulate emotions. For example, low-pitched music is associated with unpleasant 
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emotional states, (i.e. sadness), while high-pitched music is connected to pleasant emotional 

states (i.e. happiness) (Hevner, 1937; Huron, Yim & Chordia, 2010). Given that such effects 

have been robustly demonstrated in the literature, the marginal significance of some of the 

findings in the present study may simply be related to the statistical power of the study. For 

this reason, some associative effects that were marginally significant in the present study 

might have reached significance if statistical power would have been higher (e.g., if the 

sample size would have been bigger). 

In the psychological literature, other sensory stimuli have been classified to create a 

universal database based on the main characteristics of the stimulus’s type, see for example 

the IAPS for pictures (Lang et al., 2005) and the IADS for music  (Bradley, & Lang, 1999). 

However, in the case of odours, this classification seems more difficult to implement, and has 

barely been attempted (Spangenberg, et al., 1996; Peck & Childers, 2008). In many recent 

studies, the smells contained in the “Nez du Vin” odour set were used as olfactory stimuli (see 

cf., Crisinel & Spence, 2012; Hanson-Vaux et al., 2013). However, this odour kit was not 

originally created for scientific purposes, but rather to train amateur wine testers to recognize 

and describe different aroma profiles in wine. Usually, this kit is employed in scientific 

research to cover a broad range of odours and most importantly to compare and generalize 

results from past studies. Indeed, the issue of using a standardized stimulus (e.g., a previously 

tested odour) is crucial for olfaction and psychology research. In the case of odorants, this 

issue seems to be more complex but not completely impossible. In general, in the field of 

marketing various smells have been classified focusing only on the affective quality of the 

smell (i.e., pleasantness and arousing effect) and on its intensity (Spangenberg et al., 1996; 

Peck & Childers, 2008)—a property that is inherently related to the perceived pleasantness of 

a smell. This preliminary study has attempted to solve this gap in the literature, thus creating 
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new knowledge on the crossmodal associations between olfaction and other sensory 

modalities, in addition related to the features of emotions.  

How can smells be categorized and classified? This question is still largely 

unanswered. Starting from the attributes related to emotions and crossmodal associations used 

in the current research, an additional goal of this preliminary study was to extend this 

classification methodology to a broad range of common smells. Indeed, on one hand the 

subsequent aim is to create a universal dataset of smells to be used in experimental research. 

On the other hand, the aim is to create a dataset based on identified features of odours―a sort 

of classification of the “personality traits” of odours.  

Odours are basically a mixture of chemical molecules, the standardization and 

classification of odours is highly relevant from an applied perspective, especially in order to 

reduce and understand the complexity of the smell and its effects on consumers’ behaviour. 

For instance, marketers and market researchers would strongly benefit from a systematic and 

scientifically valid classification of odours―a dataset of the personality traits of smells. Such 

a classification would allow them to more systematically imbue brands or products with smell 

in a congruent manner and to create additional identifying olfactory markers for brands or 

products. Such marketing actions would complement current trends in sensory marketing, 

such as the frequent use of synesthetic and crossmodal language in advertising and marketing 

(Nelson & Hitchon, 1999; Hanson-Vaux et al., 2013).  

In summary, a classification of odours may be extremely useful for marketers and 

consumer behaviour researchers. In fact, marketers and consumer behaviour researchers 

should consider the importance of smell in designing product packaging and or consumption 

experience. In fact, smells can synergistically enhance consumers’ expectation, consumers’ 

experience, consumers’ satisfaction, quality perception of products/services, and at the same 
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time elicit consumers’ emotional responses (cf., Bone & Jantrania, 1992; Schifferstein et al., 

2011; Spence et al., 2014).  

However, some limitations of the current study need to be accounted for. First, as 

mentioned above, some results that were only approaching a significant level, but in line with 

previous studies, can be expected to become significant when using a larger sample size. 

Furthermore, increasing the sample size could also allow conducting a series of factorial 

analyses on the attribute pairs used to classify odours. Second, as previously discussed in 

Chapter 2, the main issue related to odour pleasantness is the intensity (i.e., the diffusion 

intensity of an odour can modify the perceived pleasantness of it). For this reason, future 

research may start by investigating the perceived intensity of each smell that is used. In fact, 

the modulation of the intensity of odorants by using different levels of concentrations (e.g., 

more or less dilution in water) allows to test which concentration fits better, in terms of 

pleasantness, with each smell (e.g., more dilution for odours perceived as “strong” vs. less 

dilution for “soft” odours). Moreover, perceived intensity is also related to the pressure with 

which odorants are delivered to the participants. Therefore, future research should account for 

pressure to modulate intensity and consequentially also pleasantness.  

In sum, Spence (2011, p. 973) has defined crossmodal correspondences as 

“compatibility effects between attributes or dimensions of a stimulus (i.e., an object or event) 

in different sensory modalities (be they redundant od not)” (see Spence, 2011 for a review). 

Despite many studies that have previously attempted to identify a set of such attributes and 

dimensions for odours, no general agreement has been reached (Crisinel & Spence, 2012). 

Addressing this unresolved question, the present study provided additional evidence as to 

which attributes from different sensory modalities can best represent the perceptual features 

of specific odours.  
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CONCLUSION 

“…the present, the (unobserved) past, like the future,  

is indefinite and exists only as a spectrum of possibilities.” 

Stephen Hawking & Leonard Mlodinow (2010), The Grand Design, p.82 

 

This final section attempts to provide a general discussion of the results of the 

experimental studies presented in this thesis. The idea that inspired the single studies and 

guided the literature review was to improve our understanding of how olfactory stimuli 

influence emotions and consumer behaviour. In particular, each of the studies considered one 

specific aspect of this broader topic, that is: (1) product-related smells, emotions, and 

intention to consume (Chapter 3); (2) the combined effect of affective stimuli arriving from 

different sensory modalities (i.e., olfactory, auditory, and visual stimuli) on emotions (Chapter 

4); (3) studying olfactory stimuli (i.e., common smells) from a crossmodal perspective 

(Chapter 5). In doing so, each of the three experimental studies focused on and investigated a 

single component of the thesis topic (i.e., emotions, consumer behaviour, and the nature of 

olfactory stimuli).  

The first study (Chapter 3) investigated how smells that are associated with food 

products can stimulate impulse buying of the related food products, through their effect on 

emotions and by increasing the salience of the products (i.e., perceptual fluency; Coelho, 

Idler, Werle, & Jansen, 2011). In two experiments, the effect of chocolate and coffee smells 

on emotion was tested by assessing emotional states using different measures: an implicit 

measure (liking evaluation of Chinese ideographs; Murphy & Zajonc, 1993) and a self-report 

measure (a 30-items version of POMS; McNair et al., 1992). Additionally, a discrimination 

time task and a self-report questionnaire were used to investigate the effect of smells on 
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product salience and willingness to consume, respectively. The results revealed that smell has 

a significant and positive effect on emotions and on impulse buying. However, the results of 

the reaction time task that was used to test whether the environment food-related cues (i.e., 

coffee and chocolate smells) facilitate the categorization of the associated food-products 

target (e.g., coffee cup or chocolate cake) did not reveal a significant effect. Rather, faster 

reaction times were obtained for categorizing both congruent and incongruent target products 

in presence of the smells (compared to the no-scent condition). It was argued that this overall 

decrease in reaction times is caused by a general activating effect of odours on participants’ 

physiological arousal level even if participants did not report a general increase of arousal 

level in the self-report questionnaire. Taken together, those findings support the idea that 

odours operate as a cue that, either consciously or unconsciously, activates target objects 

information and affective information. Moreover, this first study showed that the hedonic 

valence of smells has general effects on consumers’ emotions; however, significant evidence 

on the influence of positive emotions on the intention to buy was not found. Nevertheless, 

from a practical perspective, those results suggest a way to explain how the ambient smell 

related to products could impact on impulse buying in the shopping context. However, in a 

real shopping context, more than one emotional cue may reach consumers at the same time. 

More implications of these results for consumer experience strategies in the retail context 

were discussed in the chapter.  

The second study (Chapter 4) investigated whether the combined influence of 

olfactory and auditory affective environmental stimuli may influence the processing of 

affective pictures (IAPS pictures). Emotional responses were measured while participants 

viewed pictures with different valence (i.e., positive, negative, and neutral valence). Implicit 

and self-report measures (i.e., liking evaluation of Chinese ideographs and a 30-items version 
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of POMS) and various physiological measures (i.e., heart rate and skin conductance 

responses) were used to assess the participants’ emotional reaction. The results indicated that 

emotional responses related to affective pictures are affected by the arousal congruency of 

smell and music. In fact, the combined effect of congruent arousing stimulation, across 

sensory modalities, markedly enhanced the emotional experience evoked by the affective 

pictures. In particular, ambient cues that were congruent in terms of arousal enhanced the self-

reported rate of a high-arousal emotional state. Surprisingly, congruent arousal levels of 

ambient cues resulted in increased self-reported arousal even if the two ambient cues (i.e., 

smell and music) were both low in arousal value. In the case of self-reported emotional state, 

participants seem to be influenced by the congruence of both ambient cues (i.e., additive 

congruence effect) more than by the specificity of the stimulus type (i.e., high or low arousal). 

In contrast, the physiological responses to the affective ambient cues revealed a principal 

main effect of the congruency, but in this case only for congruent high-arousal ambient cues 

(i.e., fast-tempo music and orange smell). However, further basic research on the main 

characteristics of smells (e.g., relaxing vs. arousing effects) is needed, from both a self-

perceived and a physiological-reaction perspective. Beside the theoretical implications, those 

findings have practical implications as well. The investigation and the understanding of 

multisensory integration in the case of emotions have enormous implications in consumer 

behaviour research. Consumers generally perceive the world in a multisensory way, and the 

interaction between sensory information can influence emotional responses differentially. The 

findings of this study shed light on how (in)-congruent ambient stimulation leads to different 

emotional reactions depending on the measurement instrument (i.e., self-perceived versus 

physiological measures). 
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The third study (Chapter 5) investigated whether everyday smells (e.g., vanilla, 

rosemary, strawberry, and lemon) may be distinguished and classified using distinctive 

attributes from other sensory modalities and attributes related to emotional states. In fact, as 

recently suggested by Deroy et al. (2013), olfactory experiences are a domain to which 

crossmodal associations can easily be applied (e.g., taste, vision, touch, and hearing). Indeed, 

attributes from other sensory modalities are reliably used by humans to describe and define 

differences between odours. A computerized association task was used to assess the main 

crossmodal interactions between smell, different sensory modalities, and emotions. The 

results of this preliminary study showed the existence of crossmodal associations between 

odours, sound pitch, and sensorial attributes (i.e., attributes related to perception of weight). 

First, the majority of the odours used (i.e., vanilla, rosemary, and strawberry) were perceived 

as lighter in comparison to a control stimulus (i.e., pure air). Second, the majority of the 

smells tested (i.e., lemon, rosemary, and strawberry) were more associated with high-pitched 

sounds than low-pitched sound, as compared to the control stimulus (i.e., air). Interestingly, 

these findings shed light on new knowledge from the literature on crossmodal 

correspondences, particularly with regard to crossmodal correspondences between odours and 

contingent features of other sensory modalities. In addition, the study clearly showed also the 

importance to consider and to pre-test one of the main issues related to the perceived 

pleasantness of olfactory stimuli (i.e., the intensity of olfactory stimulation). Finally, those 

findings may work as an incentive for further research to create a standardized dataset of 

common odours, which can be used in applied contexts (e.g., part of marketing strategy) or in 

pure research contexts (e.g., stimuli for lab experiments).  

Taken together, the results summarized above represent a valuable contribution to our 

understanding of emotions, of olfactory stimuli, and of the influence between emotions and 
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olfactory stimuli on consumer behaviour, from both a theoretical and an empirical 

perspective. Interestingly, the findings of the first two experiments (Chapter 3 and 4) showed 

a clear differential effect of smell on the subjective self-reported perception versus the 

physiological activation dimensions. In fact, on one side, the inability of participants in self-

perceiving the effect of the smell on the autonomous nervous system activity is widely 

supported in the present thesis. Apparently, the relaxing or arousing effect of a smell does not 

preclude a perceived increase in alertness or vice versa a perceived decrease in relaxation. In 

the effect of smell on emotions emerged from the self-report measures, the valence level of 

smell (e.g., pleasant chocolate smell) seems to be preponderant, while in the case of other 

sensory stimuli (e.g., music), the congruency between those stimuli (e.g., high-arousal music 

and smell and music and low-arousal smell) appears to be the most influential factor.  

On the other side, the physiological activations (i.e., heart rate and skin conductance 

responses) (Chapter 3) clearly showed, once again, an effect of congruency only in the high-

arousal condition (e.g. high-arousal smell and music). These automatic nervous system 

reactions are due to the distinctive characteristics of the smell in term of emotional arousal, 

thus humans can be unconsciously alerted by smells. From a neuroanatomical prospective, the 

impact of the combined stimulation of congruent and incongruent auditory and olfactory 

ambient cues on the processing of emotional visual stimuli supports the integration theory of 

emotional neural network substrates (Gottfried et al., 2002; Klinge et al., 2010; Phan et al., 

2002). 

However, some general shortcomings of the present thesis need to be mentioned. The 

first limitation arises from intrinsic limits regarding the processing of emotions and the 

encoding process of olfactory stimuli. In fact, the processing of those two complex constructs 

(i.e., smells and emotions) is highly dependent on the cultural background of an individual. 
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Cross-cultural studies have identified intercultural differences in the learnt associations and 

meanings attributed to smell and emotions. Primarily, using a self-report questionnaire for the 

explicit assessment of the emotional experience may potentially lead to linguistic and/or 

cultural biases (e.g., different meaning of shame in function of which country participants 

belonged to). To mitigate the potential influence of this limitation, the second study used 

physiological measures in addition to self-report measures in order to check the emotional 

reactions of the participants. Secondly, further research to classify some of the basic common 

smells, as well as other emotional stimuli (especially cross-culturally), is indeed needed. The 

third experiment represented a preliminary effort in this direction; however, the high level of 

complexity of the olfactory stimulus itself made this goal hard to accomplish. A third 

limitation stems from the restricted types of consumer behaviour that were taken into account 

in the present thesis. As already mentioned in Chapter 3, only consumers’ consumption of 

food products was considered. This kind of behaviour has specific characteristics, which are 

different, for example, from the consumption of other product types (e.g., beauty products or 

clothes). Indeed, using food products necessarily involves all attitudes related with eating 

behaviours (e.g., dietary treatments or eating disorders). Further studies should extend these 

findings to other types of products and consumers’ choices and other aspects of consumer 

behaviour. Finally, several measurement methods have been employed in the present thesis to 

investigate the effect of smell on emotions and on consumer behaviour (i.e., implicit, self-

report, physiological measures). Additional research methods (e.g., fMRI), however, could be 

employed in future studies to contribute to an even deeper understanding of the effects of 

smell and to highlight the effect of olfactory stimuli on emotions and consumer behaviour in 

terms of neural activation.  
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Nevertheless, in the discussion section of each chapter, some new interesting research 

questions and some practical implications have already been proposed. Those new potential 

research questions may enhance and broaden the range of aspects considered compared to 

those addressed in the present work. Certainly, future research perspectives may consider 

two-step study designs consisting of laboratory testing and field studies (see Olivero & 

Maggioni, 2013a for an example). In fact, a synergetic combination of lab studies and field 

studies can be expected to strongly advance the theoretical knowledge, specifically when it 

comes to the practical application of scent marketing in real store environments. The current 

findings can be applied in other areas covering a wide spectrum of applied contexts, from 

health care spaces (e.g., hospital environment or intensive-care facilities) and work places 

(e.g., manufacturing company) to entertainment/cultural venues (e.g., cinema or museum). 

The implementation of a multisensory congruence strategy seems to be a cutting-edge method 

to drive and influence consumers’ behaviour (see Spence et al., 2014 for an example), besides 

providing new knowledge about the decision-making processes that determinate humans’ 

behaviour. Undoubtedly, more empirical research is needed to clarify the relative contribution 

of the diverse ambient stimuli on both the general hedonic experience of the consumer and the 

specific neurocognitive correlates beyond decision making and buying behaviours. Moreover, 

as already discussed in Chapter 1, an important issue that has not received attention in the 

literature is whether specific receptors of emotions can be identified in humans. In fact, pain 

and pleasure can be conceptualised as the extremes of a continuum defining the emotional 

experience. While pain receptors have been extensively investigated in previous research 

(e.g., see Hagelberg et al., 2004, for a review or Woolf, 2011), to the best of our knowledge, 

research has not been conducted on positive emotions’ receptors (Kringelbach, & Berridge, 

2009). 
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To conclude, the present findings provide corroborating evidence in support of the 

initial hypothesis stating that olfactory stimuli influence consumer behaviour. Specifically, 

olfactory stimuli have been shown to unconsciously act both as emotional triggers and as 

priming cues of product information. In fact, among the senses, olfaction generally has a 

double function as a communicative tool and as an emotional trigger, potentially outside 

human consciousness. Therefore, emotions triggered by smells can be used as a cognitive 

heuristic when buying everyday products (e.g., not high-involvement products; see Olivero & 

Maggioni, 2013b for an additional example). 
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