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Abstract 
 

Odorants are very emotionally arousing, as evident by the direct connection between the olfactory 

system and the emotional structures of the brain. With the emergence of neuroscientific devices, 

measuring subconscious emotional responses to odorants has become possible, which was not 

possible years ago.  

This opens opportunities for businesses that rely on odorants like fragrance companies or 

businesses that utilize scent marketing to obtain customer insights, which previously was not 

attainable. 

Previous behavioral economic research has found that consumers tend to use price as a proxy for 

the quality of a product, where higher prices indicate better quality of a product. However, 

whether that framing effect also will occur in the context of fragrances is unclear. 

This study aims to investigate whether the framing effect exists on fragrances. Specifically, it 

investigates whether a higher price leads to increased emotional arousal and a better subjective 

rating on the scent. 23 participants were recruited to a pupillometry experiment in Senselab at 

Copenhagen Business School to test the proposed hypotheses.   

 

The results showed that the framing effect does not exist in the context of fragrances. Increasing 

the price of the same fragrances did not generate arousing responses, nor did it lead to a better 

likening. 
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1. Introduction  
 

The subject of human behavior is an exciting topic that has occupied some of the most prominent 

scientists for many years. 

 

The English naturalist Charles Darwin is best known for contributing to the science of evolution. 

The term was coined Darwinism back in the 1880s. He stated that all species with organism rises 

and develops through natural selection of minor and inherited variations that improve their ability 

to compete, survive, and reproduce. A simplified version of the theory is that organism with the 

strongest and desirable trait is the one who stays. Naturally, this also was the case for the Homo 

sapiens, which was another product of evolution (Tattersall, 2008). 

 

Even though Darwin himself was not a behaviorist in a modern, he is by some considered to be the 

first behaviorist, because a lot of his work was centered around the expression of emotions, he 

wanted to examine how animals and humans expressed their emotions and were able to 

document evolutionary continuity between animals and human, illustrating the universality of 

behavior and expression (Eshleman, 2002 and Thierry, 2009). 

 

Modern-day behavioral sciences have their origins in the early 1990s, where one of the pioneers 

was John B Watson, a professor of psychology teaching at John Hopkins University. The fields deal 

with understanding human behavior and try to encapsulate multiple sciences such as psychology, 

economics and neuroscience, biology, psychiatry, political science, and law. 

 

Understanding human behavior has been an interest of the researcher for as long as he can 

remember. Consequently, when the opportunity arose to dive into the subject, there was no 

hesitation on the author's part. 
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In the past several decades, significant advances have been made within those fields, and through 

neuroscientific a device like an fMRI scanner, it is now possible to scan the brain to understand the 

cognitive processes, which was not possible before, which gives an in-depth understanding of 

human behavior unlike before (Amthor, 2016) 

 

There are many aspects of behaviorism, and a field is a human decision-making, but that is a vast 

field, and there are many ways to study decision-making. However, recent research has shown 

that up to 95% of human brain activity is unconscious. This is very important because there is a 

driver of behavior and decision-making hidden in the unconscious. 

 

Research in the last couple of years suggests that emotions shape human behavior and decision-

making a lot. With the emergence of neuroscientific devices, a unique opportunity arises to 

analyze the human subconscious response to external stimuli (Andrade & Ariely, 2009). 

 

Moreover, if there is one sense highly emotional, it is the sense of smell. The olfactory system, 

which processes odorants, arouses emotion maybe even more than other senses.  

 

The connection between odorants and emotional arousal is of great interest to the researcher, 

and consequently, this thesis will center on this topic. 

 

If there is an industry that exists on this connection, it is the industry of fragrances. Natural oils 

and synthetic oils are mixed with trying to create a scent profile that will emotionally please the 

consumer, and that is reflected in the fact, the global perfume market was valued at 31.4 billion 

US Dollars in 2018, making it one of the most popular beauty products for both females and 

males. Furthermore, the demand for luxury fragrances will increase in the coming years due to 

higher income levels with improving living standards on the global market (Grand View Research, 

2019). 

 

The connection between the olfactory system and emotional responses has been researched. 

However, very few neuroscientific studies have been conducted on the topic of fragrance, which is 
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interesting because it is a billion-dollar industry, and one could wonder whether new knowledge 

awaits to be discovered for the good of the industry. 

 

This thesis wants to contribute by creating new knowledge within the field and help fill a gap 

within consumer neuroscience and the subject of odorants, more specifically fragrances. 

 

Generating new knowledge is done by proposing hypotheses, and that can be a vast and complex 

challenge to develop the right ones. Sandberg & Alvesson (2011) suggests two strategies for 

formulating one, where the first strategy is the gap-spotting, and the second one is 

problematizing. 

As mentioned in the previous segment, there are some neuroscientific studies conducted on the 

subject of odor. However, through synthesized coherence, it is possible to draw connections 

between studies and subjects that have not typically been tied together to suggest that this could 

be an underdeveloped research area, which is the case in a neuroscientific fragrance context. 

Henceforth, the selected strategy for creating the main hypothesis is gap-spotting. 

2. Problem formulation 

 

2.1 Fragrances 

 

Throughout this paper, the name `fragrance´ will be used repeatedly, and even though many 

people have an idea of what a fragrance is, I will spend this next part defining the term for the 

sake of clarification. 

 

A fragrance or perfume is a fragrant liquid containing hundreds of ingredients, either comprised of 

essential oils derived from naturally aromatic plants or ingredients and synthetic aromatic 

chemicals classified by alcohols and aldehydes. They also have solvents, the liquid in which the 

perfume oil is dissolved, and it often consists of 89% ethanol and 2% water. Additionally, a 

perfume has fixatives, natural or often synthetic substances, to increase the odor strength and 

stability and decrease the evaporation rate. 
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Fragrances are created to accommodate their concentration level and the scent family they 

belong to, which influences the notes of a fragrance (Herz, 2012). 

The concentration of the perfume is the indication of the odor intensity and sometimes duration 

on the skin. There are three main classifications: The Parfum concentration is the strongest that 

consists of 15-30% aromatic compounds; Eau de Parfum contains 8-15%, whereas the Eau de 

Toilette consists of 4-8%. 

The other category of perfume grouping is the scent category and their subtypes. This is used to 

classify and describe a smell, and some of the main scent families are the floral, fresh, oriental, 

and woody (ibid). 

 

2.2 Literature review 

 

In this next section, the researcher will review the scientific papers that has some relevance for 

this paper. 

 

Rachel Herz et al. (2004) conducted an fMRI study to assess past behavioral reports of emotional 

distinctiveness of odor-evoked memories. The scan wanted to compare activation regions during 

revealing triggered by olfactory and visual cues connected to a meaningful personal memory in 

both olfactory and graphical form. The respondents all had to identify a perfume whose sight and 

scent triggered a particular, pleasant, and personal memory. The fMRI scans showed significantly 

greater activation in the amygdala and hippocampus regions, both parts of the limbic system 

involved in the human behavioral and emotional responses. It is also a critical region with regard 

to memory. 

 

The same author also published a paper where two experiments were conducted to test whether 

olfactory hedonic responses are acquired through associative learning with emotion (Herz, 2005). 

Odor novelty is crucial prior to associative learning because if the odor is already known, it may 

become associated with previous experiences. In the experiment, the participants were randomly 

assigned to an experimental group that would receive an odor and an emotional association. It 

was found that when a novel odor was paired with a certain emotional event, the hedonic 
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perception of that odor was altered in accordance with that associated emotion. When the 

participants were in a positive emotional experience paired with an unpleasant target odor, the 

scent was being viewed more positively. Whereas, when the participants were paired up with a 

negative emotional experience with a pleasant target odor, that odor was reported as more 

unpleasant. Past studies have provided sufficient evidence to support the hypothesis that odor 

hedonic perception and odor-related behavior are based on a learned association between an 

odor and the emotional context where the odor was first encountered. 

 

The concept of emotion is very troublesome but fascinating. The term has a pivotal role in this 

thesis, and it is a field studied in fields such as psychology and the different branches of 

neurosciences.  

For example, Kleinginna & Kleinginna (1981) found 92 definitions from various sources of 

literature. However, the precise definition of the word will be dealt with in the theoretical part. 

Emotional responses mainly occur in the subcortical parts of the brain, in the limbic system, and 

emotions can be described in a few dimensions, wherein the most important one for this thesis is 

the dimension of arousal, which refers to the intensity of emotion felt. 

 

Masaoka et al. (2012) asked the participants to identify an odor that had a specific, pleasant and 

personal memory, three months prior to the experiment. It was found that the selected fragrances 

induced specific emotional responses during memory retrieval, arousal level of the memory, and a 

feeling of pleasantness and familiarity with the scent. 

 

An eye-tracking master thesis by Nørsgaard & Rasmussen (2013) wanted to find out whether odor 

cues could enhance brand recognition. They found was found that odorants do create a significant 

emotional reaction in pupil dilation when presented with a scent. Nonetheless, it did not have 

importance in generating a superior recognition of the brand. The findings showed that a 

conditioned response between an odor and a brand needs to be experienced more often and 

through repletion to create a conditioned response with a higher chance for brain recognition like 

seen in a sound logo. 
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Ramsøy et al. (2017) combined pupil dilation and body posture to assess both emotional arousal 

and valence, and consequently, provide a more precise answer to the emotional responses to 

stimuli and purchasing behavior. It was found that when the participants leaned forward, the pupil 

dilation was related to a better likening and an increased chance of buying the wine, whereas, 

when the subjects learned backward, the increased pupil dilation had a negative impact on 

likening and purchasing. 

 

Cuesta et al. (2020) conducted a multi-method study using conventional techniques like surveys 

and neuromarketing techniques like the Electroencephalogram brain scanner (EEG) and an eye-

tracking device. The EEG showed that the women participant’s frontal lobes had a strong cerebral 

activation, which influenced their decision making, as they were exposed to different fragrances, 

whereas men had low brain activity. The eye-tracking scan also showed that women paid more 

attention to detail when purchasing a fragrance than men, who just paid attention to the shape of 

the bottle and brand logo. 

 

The decision to price a product has always been one of the most significant challenges for 

businesses. Consumers often tend to use price as a proxy, which creates a positive correlation 

between prices and product likening, and that is known as the “price-quality” (P-Q) heuristic. This 

means that higher prices also set higher expectations. If the price is high and the quality is 

relatively low, the consumers would evaluate that product more negatively than a product where 

the quality and price are low (Gneezy et al., 2014). This is very interesting because it highlights 

that price indeed sets an expectation for the quality of a product. If the expectation is not met, 

then the consumer will evaluate the product even more negatively. 

However, Ashton (2014) found that wine consumers do not consider price as a helpful cue in 

likening, so it may be uncertain whether the price quality-heuristic translates to all product types. 

 

Based on the mentioned concepts above, one could wonder whether it would be possible to 

change the perception of a fragrance by simply framing it differently? 
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If simply changing the framing of the fragrance could lead to increased emotional stimuli or alter 

the liking or disliking of a scent, then it could potentially lead to a different odor hedonic 

perception that would change odor-related behavior.  

Ultimately, it means that companies specializing in odors, like fragrance companies, could use the 

framing effect to manipulate the likening of their products. 

 

2.3 Hypotheses 

 

The Herz paper found that odorants activate the emotional parts of the brain, and the Nørsgaard 

& Rasmussen (2013) and Ramsøy et al. (2017) paper found that odorants generate a pupillary 

response.  

Nonetheless, there are not a lot of neuroscientific papers on the subject of fragrances, and if one 

goes on the Copenhagen Business School library search engine or Google Scholar, one may find 

articles that somehow touch upon the field. However, the scientific papers that are upright 

dedicated to combining the field of fragrances and neuroscience were found to be less than 20, 

whereas, two of the few papers were the Masaoka et al. (2012) and Cuesta et al. (2020). 

Rachel Herz (2012) also claimed that perfume has rarely been studied from a neurobiological 

perspective before, and additional research in perfume neuroscience would be an embellishment 

to the field. It would be interesting to combine the emotional responses to fragrances with the 

literature on framing effect with the price because it has never been studied previously, 

particularly from a consumer neuroscientific perspective. 

It is natural to assume that the more expensive product will also be seen as a higher quality 

product, and if that is true, then the pricier option could generate a more emotional arousing 

response. It will be interesting to see whether that would be the case in a perfume context, 

because that has never been studied before, and henceforth, this paper will dive into unchartered 

territories, and subsequently, the main hypothesis of this paper will be formulated as: 

 

H1: “The more expensive fragrances will be more statistically significant more emotional arousing 

than cheaper fragrance” 
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On top of the main hypothesis, the researcher has also proposed some under-hypotheses.  

 

This next part will establish the scientific groundwork for the hypotheses, however, the in-depth 

explanation for the terms will be found in the theoretical chapter. 

 

As mentioned before, there seems to be a price-quality heuristic, even though that may not 

always be true. Rao & Monroe (1989) conducted a meta-analysis on the framing of price, brand 

name, store name, and the effect on the evaluation of the product. They found that the perceived 

relationship between the brand name and perceived product quality is statistically significant, and 

the same goes for the relationship between price and perceived quality. They found that more 

prominent framing of price had more significant effects on consumers making quality inferences. 

That could also explain the inconsistency in price-quality heuristic studies because of weak price 

manipulations. Alongside that, the Cuesta et al. 2020 paper found that both males and females 

equally rank price as the second most crucial factor when making a purchasing decision on a 

fragrance, after the scent itself. Based on those factors, the author has decided to come up with 

this second hypothesis: 

 

H2: “The more expensive fragrances will be statistically significantly better liked than the cheaper 

fragrances.”  

 

There is evidence that odors can be experienced having a specific temperature. For example, the 

odor of mint can be characterized as having a cool scent, whereas chili has more of a hot smell 

(Wnuk et al., 2017 & Laska, 2001). This may not come as a surprise because fruits, vegetables, or 

spices are often associated with a season. Citrus fruits are often associated with the season os 

summer (Leong and Oey, 2012 & Matheyambath et al., 2016), whereas, spices such as cinnamon, 

cloves, nutmeg, and ginger have become synonymous with the winter months. However, Seo et al. 

(2009) could scientifically prove that there is, in fact, a congruency between the odor and the 

season of the year, which affected the olfactory familiarity and the hedonic response. The aroma 
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of cinnamon was reported as being more familiar and pleasant during Christmas than in the 

summertime. 

Based on those elements, the researcher will propose the following two hypotheses listed as: 

. 

 

H3: “There will be a statistically significantly difference in emotional arousal between the fresh and 

spicy scents.” 

H4: “Fresh scent will be statistically significantly better liked than spicy scents.” 

 

The overall scientific view is that women have better olfactory abilities, and a meta-analysis by 

Sorokowski et al. (2019) confirmed that. Bengtsson et al. (2001) concluded that the superiority in 

accessing olfactory information and the identification of women is probably due to a cognitive 

effect. Doty et al. (1985) conducted an experiment in odor identification that included Black 

Americans, White Americans, Korean Americans, and Native Japanese participants. They found 

that women amongst all cultural groups consistently outperformed their male counterparts, and 

the overall data indicated that the sex differences were probably not due to ethnic or cultural 

factors.  

However, women have also been shown in the Almenberg & Dreber (2011) to perhaps be more 

accessible to the price-quality heuristic, however, as women are better at detecting odors, then 

this should also mean that women may not be less influenced by the price, and henceforth the 

next two null hypotheses are formulated as: 

 

H01 / H5: “Women will not be more statistically significantly emotionally aroused by the framing 

effect than men.” 

H02 / H6: “Women will not show statistically difference in likening based on the framing of price.” 
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The last proposed hypothesis builds on the fact that the participants' emotional responses will be 

measured through pupil diameter, which is a reliable tool for measuring people's emotional states. 

More specifics on how that will happen will be touched upon later in the paper. 

The processing of both positive and negative stimuli results in more significant pupil dilation than 

neutral stimuli (Partala & Surakka, 2003). There are some papers that seem to suggest that a 

negative emotional stimulus creates a more arousing response than a positive stimulus. 

Nonetheless, there does seems to at this point not seem any scientific consensus, whether 

positive or negative stimuli creates the most increase in pupil dilation, and henceforth, the 

researcher has proposed this final hypothesis, which this paper will try to answer: 

 

 

H03 / H7: “There will be a not be statistically significant correlation between emotional arousal 

and likening.” 

 

3 Structure of thesis 

 

The next chapter will dive in to the research philosophy, hence the reader can understand 

philosophical background of the research, which sets the foundation for the rest of the thesis. In 

the fifth chapter, the researcher will dive into the theoretical frame work to understand the 

terminology and also to what served as an inspiration for the hypotheses. Afterwards, the 

methodology will describe what tools that will be used in the experiment and the reasoning 

behind that. The seventh chapter will describe the experimental design, where it will describe the 

process of the experimental conduct. The eight chapter is where the data from the experiments 

will be analyzed to see whether the proposed hypotheses will be rejected or accepted, and 

discussion and interpretation of the results will be dealt with in the ninth chapter. Chapter 10 will 

be the conclusion to this thesis, summarizing the most important findings, and chapter 11 will 

offer suggestion for future research and on how businesses can apply the results to their 

advantage.  
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4 Research philosophy  

 

The research philosophy is the belief in how data about a particular phenomenon is gathered, 

analyzed, and used. This is very important because it serves as a foundation for the entire paper, 

on which kind of data to gather, and what interpretation is seen as legitimate. This is why it is 

important for the reader to understand the foundation to which this scientific experiment and 

research are built upon.  

 

4.1 Positivism 

 

The research philosophy that is the most ideal for this research is positivism, and It states that 

factual knowledge is only attained through observation with our senses and measurement (Collin 

& Køppe, 2014). The ontology of positivism is that the world is a single reality, that can be 

objectively understood, identified, and measured regardless of the researcher’s perspective or 

belief. Consequently, it takes a controlled and structural approach in conducting research having a 

defined research topic, and on these grounds, the researcher will construct a hypothesis and 

adopt a specific research methodology to provide a satisfactory answer. The epistemology of 

positivism is to obtain knowledge objectively.  

The researcher’s role is limited to gathering the data and interpreting it objectively, and they also 

seek to explain and predict variables, and because of that, it is very important that the science 

remains value-free and only judged by logic because that will lead to the truth which is congruent 

with reality.  

The researchers or participants are not allowed to influence the development of the study, and 

henceforth, they must remain detached from the participants of the research because the 

distinction between reason and feeling is fundamental.  

Positivism operates in the realms of dualism and objectivity. Dualism is the belief that it is possible 

to separate the participants and researchers. By following strict protocols, the two entities are 

separated to reduce bias and ensure objectivity in the study.  
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Positivism often tries to focus on researching the explanatory or casual relation between variables 

in the study, which is often the case in natural sciences. It emphasizes conducting research in 

settings where the variables can easily be controlled and manipulated, and henceforth, the 

researcher often must create artificial elements that minimize external factors. That is only 

possible by isolating and controlling potential influences, so the key variables are isolated. 

Positivistic research also aims to discover general laws, and because of that, the research is often 

experimental in design because the researcher wants to test their hypothesis. Because of that, the 

experiment will generate new scientific knowledge by either scientifically verifying or falsifying the 

hypothesis. (Park et al., 2020).  

 

An essential essence to positivism is the ability to conduct objective research, wherein, the 

research and the results will be as unbiased and impartial as possible. Furthermore, the research 

needs to be conducted in a manner in which it will be able to measure emotional arousal. Based 

on those two criteria, the pupil diameter measurement by the usage of an eye-tracking camera 

will be an excellent tool that can do both of those things. It is also a reliable tool frequently used in 

neuroscientific studies, It will provide objective and quantifiable data that will be interpreted to 

either accept or reject the hypotheses of this paper. (dos Santos et al., 2015). 

 

4.2 Research approach 

 

Scientists have developed and explored ways of acquiring reliable knowledge within their 

respective fields. It is crucial to select a specific approach when proceeding with the research, 

because if not, the study can become incomprehensible for both the researcher and reader. There 

are three different forms of logical reasoning used in research, and they serve as the reasoning to 

form the basis of a study. However, they are not concepts, methods, or data analysis tools but a 

means to connect and generate ideas. They may not be meant to function as upright data analysis, 

but they will bring order to the data web. The three reasoning forms that serve as intellectual 

building blocks of research are: abduction, deduction, and induction.  
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The deductive approach begins with a general statement or a hypothesis, where the researcher 

tests that hypothesis through a case to get to an observed result, where the hypothesis is either 

verified or falsified (Flick, 2014). Deduction is beneficial for testing predictions such as a 

hypothesis. That also means that deduction tends to convey the “old and familiar truth,” just like 

induction; the strength of a deductive approach does not lie in producing a new one (Timmermans 

& Tavory, 2012). 

A vast majority of the applied neuroscience studies follow a deductive approach, where the 

researcher has a hypothesis that can be refutable and testable is empirically tested (Seidi’s text).  

This research is built on the hypothesis that more expensive fragrances will make people more 

emotionally aroused, and that will be tested in a neuroscientific experiment using a pupil dilation 

response machine. 

It is also the ideal approach because a deductive approach is suited to test predictions like in this 

instance. A deductive research approach explores a subject within a known theory and then tries 

to test whether it is valid in certain circumstances. The hypothesis is built on existing theory and 

literature from neuroscience because when people get emotionally aroused, their pupils will 

dilate. It is also the most logical choice because quantitative research works with objective data 

from the pupil scan. The specifics of the data analysis and collection will be touched upon later in 

the methodology section. 

 

5 Theory  

 

This paper will be based on consumer neuroscientific literature, and to understand what consumer 

neuroscience is, the researcher will first go in-depth with the sciences that serve as the building 

block to the discipline. 

 

5.1 Neurons 

 

 Nerve cells, known as neurons, are specialized cells that process information, and they are the 

fundamental units of the brain and nervous system. There are different types of neurons, where 
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some neurons send their output to muscles, glands, or organs, consequently inducing action 

(Amthor, 2016). Whereas, others get their input from the environment and no other neurons. 

There are three different types of neurons, but the most important one in this context, is the 

sensory neurons.  

They are the nerve cells that are activated by sensory like input from the environment. Physical 

inputs like sound, touch, hear, and light, and chemical inputs like smell and taste, activate the 

sensory neurons. They bear information from the central nervous system, and these are the 

neurons that allow humans to digest sensory information and transmit it to the brain and the 

spinal cord.   

If a person touches a hot surface with their fingers, it will activate the sensory neurons that would 

transmit a message to the brain, making the person aware of the hot temperature (Abraira & 

Ginty, 2013). Sensory neurons help a person taste, smell, hear, see and feel things.  

The sensory neurons are of vital importance for this paper because when the participants smell 

the fragrances in the experiment, their sensory neurons will be activated and send information to 

their brain.  

 

5.2 Neuroscience 

 

 

The previous section laid the foundation for this part by explaining what a neuron is, and it is now 

possible to move on to the field of neuroscience.  

 

For many years, the scientific consensus was that neuroscience belonged to biological science. 

However, it is has become a multidisciplinary science that combines several sciences such as 

anatomy, cytology, developmental and molecular biology to analyze the nervous system to 

understand the biological basis for human behavior.  

 

Neuroscientists study various fields such as cellular, evolutionary, functional, and medical aspects 

of the nervous system. Even though many researchers state that neuroscience is essentially the 
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same as neurobiology, neuroscientists research the whole aspect of the nervous system (Amthor, 

2016).  

Modern neuroscience studies go back to the middle of the nineteenth century, but it was divided 

into different subgroups. The term neuroscience was given birth in the 1960s to make the various 

disciplines work together, which meant the scientists had to adapt common concepts, a common 

language, and a common goal to study and understand the structure and function of the normal 

and abnormal brain.  

Cognitive neuroscience is a branch of neuroscience, which studies the biological processes that 

underlie human cognition, focusing on understanding the relationship between the different brain 

structures, activity, and cognition. It wants to determine how the brain functions and achieves 

performance, and that is done by combining psychology and neuroscience, whereby, decision-

making is a biological process that influences cognition (Lane et al., 2000). 

Another important branch is the affective neuroscience, where the principle is that affective 

processes are supported by certain brain structures. It combines neuroscience with psychological 

fields of emotion, personality, and mood. The two branches were before seen as separate fields, 

but the distinction is not as clear because it has been revealed that the two processes often 

overlap and are dependent on each other (Georgetown University, n.d.). 

 

5.3 The nervous system 

 

Neuroscience is the study of the nervous system, and the nervous system is a collection of nerves 

and specialized cells known as neurons that transmit signals to different parts of the body, and it is 

split up into two parts. The brain, retina, and spinal cord form the central nervous system, 

whereas the spinal cord connects to the peripheral nervous systems' muscles, organs, and 

receptors (Amthor, 2016). 

The brain is by far the most complex organ in the human body, and it uses up to 20% of the total 

oxygen that we breathe in, and it consist of 100 billion neurons that are connected to thousands 

more, where each part of the brain has different tasks and functions. It is the body part that 

embodies the mind, which means that traits like creativity, emotion, intelligence, and memory are 
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stored in the brain. Furthermore, it also interprets information from the outside world. The brain 

receives information through all the five senses: smell, sight, taste,  

touch and hearing and often have to process information from multiple senses at the same time 

(ibid). 

The spinal cord runs through the spinal canal, transmitting signals between the brain and the 

peripheral nerves, and there are some reflexes movements that happen via the spinal cord 

pathways without the influence of the brain structures.  

 

The peripheral nervous system is the other part of the nervous system, and it is the part of the 

nervous system that contains all the nerves outside of the central nervous system. The primary 

function of this system is to connect the central nervous system to organs, limbs, and the skin. The 

nerves extend from the central nervous system to the peripheral parts of the body, which allows 

the brain and spinal cord to receive and send information to parts of the body, which allows us to 

react to external stimuli. The peripheral nervous system is split into two parts: the somatic 

nervous system consists of two types of essential neurons, motor neurons, and sensory neurons. 

The other part is the autonomous nervous system, which controls the body's features that usually 

are not regulated by voluntary control (UC San Diego Health, n.d.).  

For example, it regulates body functions like blood flow, breathing, digestion, and heartbeat. The 

autonomous system allows these things to happen unknowingly, and the system is also divided 

into two systems. The parasympathetic system supports the body in maintaining normal functions 

and preserving physical resources, where the sympathetic system regulates the flight-or-fight 

response. Hence, the body is prepared to spend energy to respond to environmental threats, and 

that same system activates a response by increasing breathing and heart rate, boosting blood flow 

to muscles, activating sweat production, and dilating the pupils. 

 

What sets the nervous system apart from other groups or systems is the complexity of neural 

interconnections. 

 

5.4 The brain anatomy of emotions 
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As mentioned, there are many different parts of the brain, and given the fact, that this is a framing 

experiment, to see how framing affect emotional stimuli of an odor. This section will mostly deal 

with the parts of the brain that deals with emotion. 

 

5.4.1 Limbic System 

 

 

The limbic system being the main system that are related to our emotions is something that there 

is consensus on among the neuroscientists, due to extensive research into the limbic structures. It 

is not surprising given the fact, those brain areas are also closely related to the parts that regulate 

our attention, behavior and memory. Nonetheless, there are also some non-limbic structures that 

also have been found to play a role in emotions, but this is the most important system. 

 

The paleomammalian cortex, also better known as the limbic system, is a set of brain structures is 

located on both sides of the thalamus. It supports a lot of crucial functions such as emotional life, 

behavior, long-term memory, and olfaction. Additionally, it is the part of the brain that is involved 

in the human perioral and emotional response, particularly the ones we need to ensure survival: 

such as feeding, reproduction, caring of the young, and fight or flight responses. It is the most 

critical part of the brain when dealing when emotional responses, and it is also older than the 

neocortex (Amthor, 2016).  

 

The hypothalamus is a small part of the brain that is located below the thalamus. It is a part of the 

brain that is very active, and its main function is homeostasis, which is very similar to how a 

thermostat function (Ibid). If a room gets too hot, then it will regulate its temperature to cool the 

room down.  

Hypothalamus is also in charge of the regulation of thirst, hunger, response to pain, pleasure 

levels, sexual satisfaction, and other things. It also regulates the functions of the autonomous 

nervous system. The hypothalamus also produces many important hormones, one of which is 

oxytocin, which controls things such as sexual arousal, trust, and recognition. Another hormone in 

the hypothalamus is leptin which manages food intake and odor discrimination (Sun et al., 2019). 
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The limbic system also evolved to incorporate memory into behavior control via the two major 

structures.  

 

The hippocampus is involved in spatial orientation, and the ability to navigate the world. It is a 

part of the brain where new neurons are made from adult stem cells through a process called 

neurogenesis, and therefore, the hippocampus also plays an important role in learning and explicit 

knowledge-based memories. It also plays a part in spatial memory formation, which is a type of 

memory that enables a person to remember different locations and spatial relations between 

objects. There are different types of memories, and two of them are explicit and implicit 

memories, whereas, the former is something a person has to work to remember consciously, and 

the latter is a memory that is remembered unconsciously. There is scientific consensus that the 

human hippocampus is heavily involved in episodic memory, which is long-term memory that 

involves previous events, situations, and experiences, i.e., memory for personal experiences 

events set in a Spatio-temporal context (Burgess et al., 2002).  

 

Like the hippocampus, the amygdala is a vastly important part of the brain when it comes to 

memory. It plays an integral part in forming implicit and unconscious memory, and a key reason 

for that is because it is primarily involved in emotional processing (LeDoux, 2007). It interacts with 

a part of the prefrontal cortex called the orbitofrontal cortex to generate and process the 

powerful emotions of anger, happiness, disgust, surprise, pleasure, sadness, and fear. It has also 

been associated with cognitive functions such as learning, attention, and perception, and because 

of that, it plays a vital role in adjusting the strength and emotional memories because the 

amygdala attaches emotional content to memories. That is very important because memories 

with an emotional connection are often more potent, which is also essential in our emotional 

responses to certain situations.  

In the past, the amygdala was believed to have a role in negative emotions. However, newer 

evidence does support the evidence of processing positive emotions, as well, as having a role in 

stimulus-reward learning. Furthermore, it has also been revealed that the amygdala helps in 

retrieving socially relevant knowledge based on facial appearance. Simply put, it helps create 

social judgment (Adolphs et al., 1998). 
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The thalamus essentially functions like a command center that controls the flow of information 

through the nerve fibers that project out of the thalamus to the neocortex. Furthermore, it 

regulates things like alertness, consciousness, and sleep.  

The limbic system is also closely related to the olfactory system because they have several joint 

structures. 

 

5.5 Emotions 

“ 

The purpose of the experiment is to measure the participants’ emotional responses to odorants. 

Throughout the years, there have been many different definitions of what an emotion is, and yet, 

there is still no clear-cut consensus of a definition of what emotion really is. Researchers and 

theorists throughout different disciplines have defined the term differently and even had up to 92 

different definitions of the word, but eventually, it was shortened down to 11 different terms 

(Izard, 2010). 

 

Affective neuroscientists look at emotions as a psychological phenomenon that creates a change 

in the body, like a facial expression and a change in the autonomic nervous system, feelings that 

urge action (ibid). Psychologists define emotion as a complex state of feeling that creates physical 

and psychological changes that influence behavior and thought.  

The important thing to understand in this part, is that there are a lot of different definitions of the 

term. Because this is a consumer neuroscientific paper that will utilize an eye-tracking camera to 

see the participants´ physiological changes in pupil sizes, this paper will center around the 

definition from affective neuroscience.  

 

Most people make a mistake by using the two terms, emotions and feelings intertwined. However, 

it is important to distinguish between emotion and feeling. The first one is activated through 

neurotransmitters and hormones released by the brain. Emotions are experienced unconsciously, 

whereas, feelings are the conscious experience of the emotional reactions (Damasio, 2004). It is a 

product of the brain perceiving an emotion and giving it a particular meaning.  
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5.5.1 Arousal & Valence 

 

The two most consistent dimensions throughout the years are the dimensions of arousal and 

valence. There are at least five arousal systems in the brain that add to the nuance of the 

emotional experience, and they rely on neurons such as dopamine and serotonin for activation. 

The amygdala receives input from arousal networks that influences the prefrontal cortex. Arousal 

refers to how strong or weak the emotion is, whereas, valence is about whether the emotional 

stimuli is positive and pleasant or unpleasant and negative. (Landowska, 2018). 

As mentioned earlier, the parts of the brain that processes emotion are also closely related or are 

the same structures that deal with emotion, and in particular, the amygdala is where the 

emotional memory is stored. This is very interesting because episodes that are particularly 

emotional arousing will be stored in that part of the brain. That connection is responsible for the 

fact that memory for intensively emotional events is stronger and detailed. There is a 

neuroscientific consensus that emotionally arousing memories are stronger than memories that 

do not have any emotional significance (Mather, 2007).  

 

Based on those two dimensions, Russell (1980) have proposed a two-dimensional model to 

illustrate how affective meanings are formed. The model is in appendix one and is based on the 

principle that any emotion exists in the space of the two continuous dimensions of arousal and 

valence. The y-axis represents arousal, whereas the x-axis represents valence, and it describes 

every single emotional state. For example, the mixture of higher levels of arousal and a very 

positive valence generates an emotion of happiness.  

 

It is important to distinguish between those two dimensions because people often mix them 

together and because finding the levels and arousal and valence are two different things that this 

study intends to do. 

 

5.6 Olfactory system  
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The olfactory system is of interest, because this is the system that processes odorant stimuli and 

transmits the information of the odorant to the other parts of the brain on how to respond, and 

due to this being an experiment that uses fragrances, it is important to have an understanding on 

how the olfactory system works. 

 

The olfactory system is the sensory system for the sense of smell. It is also known as olfaction, and 

it is the detection and identifies molecules in the air; and it is one of the main five senses with 

touch, smell, taste, hearing, and vision. Senses such as vision and hearing are detected as energy 

in light photons and sound waves, whereas olfaction involves detecting actual substances from the 

world. For many years, it was thought that the olfactory pathway went through the thalamus, 

which kind of functions as a consciousness detector just like the other sense. However, it has since 

been revealed through anatomical studies that olfaction projects straight to the prefrontal cortex, 

without going through the thalamus (Shepherd, 2005). Despite that, the olfactory system follows 

the basic principles that control other sensory modalities: Interactions of chemical stimuli with 

receptors located at the periphery are converted and encoded into electrical signals, which are 

sent to higher-order centers in the brain. 

 

A smell is fundamentally created when a substance releases molecules (particles) into the air, and 

the sense of smell is a complicated process that depends on sensory organs, nerves, and the brain. 

The latter analyzes the result after the molecules from the environment have been bound to 

certain types of receptors. 

Most people probably know what things like red wine, chocolate, leather, and grass smell like, and 

the smell of these things comes from a combination of many molecules, nevertheless, even small 

changes in molecules can make a big difference in the smell of those substances. The more volatile 

the substance is, the more manageable it gives of molecules, the more pungent the smell will be, 

whereas, non-volatile objects like steel have a very weak smell (Amthor, 2016). 

Smells do travel through the air through diffusion, where air molecules and odor molecules travel 

freely in all directions. The sense of smell is very closely related to the sense of taste because both 

rely on the perception of molecules, and it is through smell that enables humans to detect flavors 

in food. That is also evident in that leptin regulates both senses. 
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Humans detect the smell when the odor molecules are detected by the olfactory receptors, which 

are sensory neurons near the back of our nose, but there is also another odor pathway that 

connects the top of the throat to the nasal cavity. Inside the nose, the nasal cavity is divided by the 

nasal septum into left and right pathways, and it is lined with mucosa that helps keep the nose 

moist. It has three main functions olfaction, respiration, and filtering the air we breathe. The nasal 

cavity also contains the olfactory epithelium, a specialized type of epithelial tissue containing 

olfactory nerve cells and chemical receptors that detect odors. The odor receptor neurons in the 

olfactory epithelium detect those odors and pass on the signals to the olfactory bulbs. There are 

overall 10 million olfactory receptors, and around 1000 different olfactory receptor types are 

responding to the different receptor types.  

Most of them only live a few weeks or several months and are being replaced all the time (Ibid). It 

was the first known example of adult neurogenesis, where new neurons were generated. That is 

unusual compared to other sensory systems, whereas, in the sense of sight, the loss of neurons in 

the retina and cochlea and the damage to the vision are permanent. 

 

The olfactory bulb is an outgrowth of the brain specializing in processing the molecular signals that 

generate smell. The olfactory bulb tends to be smaller in humans and other primates compared to 

animals such as dogs, who rely a lot more on their sense of smell to provide them with 

information about the environment. It was believed that human was inferior to animals in terms 

of smell, however, newer science claims that are overblown, and matter of fact is that the human 

nose can detect up to over 1 trillion odors, whereas, it was previously thought they could merely 

discriminate 10,000 odors (Morrison, 2014). The olfactory bulb is a structure found at the bottom 

of the side of the cerebral hemisphere, located in the forebrain, that receives neural input about 

odors that are detected by the cells in the nasal cavity. The axons of the olfactory receptor cells 

extend into the olfactory hub, where they link up on the dendrites of the olfactory bulb neurons in 

small clusters called glomeruli, which is a spherical structure where synapses between the 

terminals of the olfactory nerve and other cells happen. Each glomerulus only receives input from 

one type of odorant receptor, and the glomerulus can detect multiple odorants. They send 
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information to the brain's olfactory cortex through the olfactory tract, a band of nerve fibers that 

expand from the olfactory bulbs to the olfactory cortex. 

 

The olfactory cortex is a part of the cerebral cortex, and it is structurally a distinct cortical region 

on the ventral surface of the brain. The term "olfactory-cortex" can be used for all the different 

areas of the ventral portion of the brain that receives direct information from the olfactory bulb. 

Some of the main projections include the piriform cortex, amygdala, the orbitofrontal cortex, and 

entorhinal cortex. 

 

The piriform cortex is also known as the paleo cortex because of its old phylogeny. It has been 

called the "primary olfactory cortex" because it is the largest area in the olfactory cortex and the 

biggest cortical recipient of direct olfactory bulb projections. 

This cortex has a connection with some brain regions that are critically involved with behavior and 

emotion, and it is crucial in processing basic olfactory information. The direct pathway from the 

olfactory bulb seems to make this part involved in learning and storing memory of odors since it 

analyzes odor quality, identity, familiarity, and hedonics (Doty et al., 1985). 

Fundamentally, this part is involved in responses that mediate approach or withdrawal from 

smells. Some are because of genetics, and other likening or aversion to smells are learned. 

 

Given that the amygdala is involved in storing memories of emotional salience, it is not surprising 

that it is also involved in the formation and storage of olfactory memory (Buchanan et al., 2003). 

Amygdala responds to the intensity of emotionally significant pleasant or unpleasant odors. In 

general, certain smells' natural strong emotional facets, such as rotten food and trash, have 

negative facets, whereas, sexual, vanilla, and bacon odors have positive facets. This is also possible 

because the amygdala projects to the hypothalamus, regulating hormonal and responses to 

scents. 

 

The orbitofrontal cortex sits in the prefrontal cortex region in the frontal lobes of the brain, and 

those are located behind the forehead and are the largest lobes in the human brain.  
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This lobe is essential to understand and react to other people's feelings. That is because it is where 

the prefrontal cortex lies, and the fundamental function of the prefrontal cortex is the 

representation and implementation of new organized goal-directed action (Fuster, 2015). It is also 

the part where the interplay of impulse control and other tasks that helps shape a person's 

characteristics. Neuroscientific research indicates that this part seems to be heavily involved in the 

reward mechanism, as it seems to encode the expected utility of choice (Volz et al., 2009) 

subjectively. It is an area that grew relative to the rest of the cortex during evolution for humans 

and primates, but mostly in humans, where it is estimated to constitute 30% of the total cortical 

area (Carlén, 2017). Unsurprisingly, this part of the brain has a pivot role in framing effect 

experiments because of its executive role in human behavior. 

. 

The fact that smell and taste are closely related is also evident because as humans become older, 

their sense of smell and taste starts to decline (Doty el., 1985). There is also a difference between 

how well people can detect and discriminate between odors, as women have a better sense of 

smell than men.  

Both genders find the scent of blood very emotionally arousing, and the scent had both very 

evenly positive and negative valence ratings, whereas, for women, the negative rating had a more 

potent arousal factor. The authors, Moran et al. (2015), concluded that it was related to their 

menstrual cycle and oral contraception, and this highlight how complex it can be conducting a 

study on odor. Additionally, their hormones interact in complex ways with cognitive factors as 

opposed to their male counterparts. Studies have shown that they are better than their male 

counterparts at detecting odors at a lower concentration. 

They are also more able to identify them more correctly, and the reason for that is that women 

have better verbal skills that increase the performance on tests of odor memory and identification 

(Avery, 2008).  

Based on those factors, one could wonder whether women would be less likely to be influenced 

by price framing. 
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Moreover, some people have anosmia, which means they have no sense of smell, and others are 

born without the sense, and if the brain or the olfactory mucosa suffers damage, the smell of 

sense can decrease. This can also happen with continuous exposure to noxious substances. 

 

Humans also experience odors having temperature, as some smells can be experienced as either 

being cool or hot. This is because of the thermoreceptors, which are the receptive portion of 

sensory neurons, that detect changes in temperature, whereby, cold receptors increase their firing 

rate during periods of cooling. At the same time, the firing rate decreases during warming, and the 

same naturally goes the other way around with warm receptors.  

 

The thermoreceptors that are located within a trigeminal nerve, which is a sensory system 

responsible for the tactile perception that is triggered by odors (Wnuk et al., 2017), and at times, 

the perception of the trigeminal nerve has also been labeled as "the feel of a smell". This 

perception, alongside the perception of olfaction, is part of the overall integrated experienced of 

odor (Herz, 2001). An example of this, is that Laska (2001) found that menthol (peppermint) and 

cineole (eucalyptus) was paired with a temperature term in cool, because of the trigeminal 

stimulation that is provoked by the two odors. These texts and the findings also serves as the 

scientific baseline for H3. 

 

 

5.7 Consumer neuroscience  

 

Moving on to the more commercialized side of things, the origins of consumer neuroscience or 

perhaps better known as “neuromarketing” can be traced back to the 1990s when Professor 

Gerald Zaltman from Harvard University was the first to show that it was possible that the new 

neuroscientific devices could bring new insight to the marketing area (Olson, 2012). He conducted 

a joint study with Massachusetts General Hospital, where they used PET scanners to understand 

the effect of three alternative marketing stimuli: anxiety, confidence, and comfort.  
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It was the first time measuring mental events in people with high prevision in a marketing context 

as possible. The usage of MRI scanners also increased in the 1990s, as was evident in the rise of 

neuroeconomics (Sebastian, 2014). The interest in consumer neuroscience increased as more 

neuroscientists started to see the possibilities of the utility. However, the term “neuromarketing” 

first became introduced at the beginning of the 2000s, and it is the fusion of two fields in 

marketing and neuroscience (dos Santos et al., 2015).  

 

However, as the field of consumer neuroscience grew in the 00s, there was still no clear-cut 

definition of what the term actually meant. One of the first definitions of neuromarketing was 

using cognitive techniques, like fMRI or EEG, to assess whether the consumer responds positively 

to a brand name or product.  

 

Another definition from Lee et al. (2007) states that it is simply just applying neuroscientific 

methods to analyze and understand human behavior concerning the market and market changes. 

A suggestion was made, that that neuromarketing is a sub-field within the field of 

neuroeconomics. This definition makes perfect logical sense, because one of the key reasons for 

the rise of neuroeconomics was to understand human behavior and economic decision-making 

through the same toolkit as is used in neuromarketing.  

Whether one wants to define the field as “neuromarketing” or as “consumer neuroscience,” the 

most important thing to understand about this field is that it uses advanced neuroscientific 

techniques to understand consumer behavior. This paper will use the term: “consumer 

neuroscience.” 

 

In the last 15 years, consumer neuroscience has achieved more acceptance and credibility within 

the marketing research community, by the usage of neuroscientific tools to quantitatively asses 

the marketing stimuli in advertisements, brand images, pricing decisions and value preferences. 

 

One of the most popular consumer neuroscientific studies was published in 2004, where McClure 

et al. (2004) studied a group of participants who drank Cola and Pepsi, while their brains were 

scanned by an fMRI machine. When the participants were aware of their soft drink, they would 
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prefer Cola over Pepsi. However, when they were not aware of the drink, they favored Pepsi over 

Cola. The brand knowledge clearly influenced preference decisions and showed activation in the 

hippocampus, dorsolateral prefrontal cortex (dlpfc), and the midbrain. Whereas, when the 

preferences were anonymous and solely based on sensory information, activity in the 

ventromedial prefrontal cortex (vmpfc) would predict preferences. 

This is very interesting because Cola and Pepsi have very similar chemical compositions, yet, 

people always seem to have a favorite of those two. This study revealed how much framing 

actually can influence consumer behavior and that it is actually genuine in that sense; it activates 

different parts of the brain. Ultimately, it showed that brand knowledge had a profound effect on 

the brain.  

 

Previous studies have shown that 95% of the brain activity is actually unconscious, and 

henceforth, it also means that based on around that same percentage, decisions are made, 

ultimately killing the argument for free will (Amthor, 2016).  

 

As consumer neuroscience grew in the years, so did the research techniques and toolkits. 

There are two major categories of neuroscientific tools, where, the first one is the physiological 

biometric measurement tools, and those focus on the physical changes on subjects. These tools 

are the Facial electromyography (EMG), Electrocardiography (ECG), Galvanic skin response (GSR), 

and the eye-tracker. The second neuroscientific category is the neurometrics measures, which 

measures the underlying organization of the brain’s electrical activity. Those are valuable toolkits 

because some brainwave frequencies are correlated with psychological processes. These tools are 

the electroencephalography (EEG), magnetoencephalography (MEG), transcranial magnetic 

stimulation (TMS), and functional magnetic resonance imaging (fMRI), which is probably the most 

used tool in consumer neuroscience with the eye-tracker. (Lee et al., 2017). 

 

 

5.8 Commercialized emotions 

 

“People don't buy for logical reasons. They buy for emotional reasons.” 
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(Ziglar, 2004, p.233). 

 

 

The previous emotion section dealt with the core definition of what emotion was, and due to the 

fact, this is a consumer neuroscientific thesis, the next step is to dissect how emotions are used in 

a commercialized context.  

 

The study of emotions has long been researched throughout under the disciplines of neuroscience 

and psychology, where the latter found that emotions play a crucial role in determining peoples' 

behaviors and actions (Carlson et al., 2007). It is no wonder why marketing researchers' have tried 

to adapt it into the discipline, given it is only natural to assume emotions also influence human 

consumption. The number of scholarly publications that refer to emotions, affect, mood, and 

decision-making has skyrocketed since 1970, illustrated in the second appendix. However, it is 

only recently that marketers have started to pay attention to the effect of emotions (Gaur et al., 

2014).  

 

Holbrook & O'Shaughnessy (1984) claimed that advertisers had not acknowledged the importance 

of human emotions, whereas, Mehta & Purvis (2006) argued that this might be due to the 

marketing industry not having a consensus of how emotion work and their overall effect on 

advertising. This should not come as a surprise, as there is no scientific consensus amongst 

neuroscientific and psychological scholars, and the different disciplines have different definitions 

of the word itself. 

 

Bagozzi et al. (1999) concluded that previous marketing studies found inconclusive findings, and 

that was in large part because of inconsistency in the terminology, where terms like "affect," 

"feelings, "emotions," and "mood" used interchangeably, which is why it was important to define 

the terms precisely, as it had been done earlier. Furthermore, Huang (2001) investigated the 

theory of emotion in marketing and states that marketing scholars have not identified the specific 

characteristics' of emotions. She encouraged researchers to investigate the characteristics of 

emotion related to marketing and integrate them into existing emotions theories.  
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Edwards et al. (2002) suggested the reason why many research articles on emotion as a predictor 

behavior were relatively low in a long time span because of the things mentioned and the 

complexity of the subject.  

 

Emotions can be used to influence consumers' information processing, mediating responses to 

persuasive appeals, initiate affect goal settings, and improve consumer welfare, whereas, 

Holbrook & O'Shaughnessy (1984) claims it helps the advertising agencies and salespeople to 

understand their client's emotions and the consequences in the decision making, given that 

emotions are one of the best and reliable predictors of human behavior.  

 

In relation to the effect on emotional arousal, Sanbonmatsu & Kardes (1988) found that arousal 

influences the attitude in persuasive message settings. The results from their study show that 

contextual cues that are peripheral to the arguments in a persuasive message have a more 

significant impact on brand attitudes in high as opposed to in moderate arousal conditions, while, 

the strength of the argument itself has a bigger influence on a setting where the arousal levels are 

moderate as opposed to high. This shows that higher arousal levels decrease the capacity of 

message processing available for elaborating on persuasive messages. Consequently, if a company 

wants to send a message that requires a lot of mental processing, then it would be wisest to 

create a context where the emotional arousal is moderate. 

 

Ultimately, it is essential for marketers to understand the emotions of their consumers', because 

they are a massive contributor to decision-making, as mentioned before. 

Sohn et al. (2015) conducted an fMRI study on decision-making and found that impulsive decision-

making was increased significantly when it existed to highly positively or negatively arousal 

stimuli. This was also confirmed by a decrease in the prefrontal-partial regions of the brain, which 

deals with cognitive control. 

 

 

5.9 Scent Marketing 

 



 35 

As mentioned previously, the sense of smell is very emotional because the olfactory bulb projects 

directly into the emotional parts of the brain. First and foremost, a study by Rockefeller University 

in New York revealed that the subjects remember 5% of what they see, 2% of what they hear, and 

just 1% of what they touch, but they remembered 35% of what they smelled (Al-Said et al., 2019). 

This should not come as a surprise, as the olfactory bulb also projects directly into parts of the 

limbic system such as the amygdala and the hippocampus that are very important in creating and 

storing memory. That is also evident because odor-evoked memories are different in comparison 

to other memorable experiences.  

Events evoked by olfactory information are older, emotional, and sometimes more pleasant than 

events stimulated by verbal cues (Willander & Larsson, 2007 & Herz, 2004). 

 

Olfaction is highly emotional, affecting mood, cognition, and behavior (Soudry et al., 2010). 

Furthermore, it has also been studied that olfactory stimulation can potentially aid in sleep, 

whereas, Chu (2008) found that underachieving schoolchildren had unexpected success at a 

paper-and-pencil task in the presence of an ambient odor, which shows that odors can also have a 

positive impact on human behavior and performance. 

 

The fact that the sense of olfaction is highly emotional is also evident, given the fact that through 

olfactory imagery, consumers mentally experience emotions that are similar to natural odors. 

Olfactory imagery is being able to experience the feeling of smell when an appropriate stimulus is 

absent. An author can use olfactory imagery by describing a scent through selected words, so it 

appeals to the sense of smell, which means the reader can almost smell the described scent. An 

example of olfactory imagery could be this sentence: “The sweet, creamy, caramel-like, lemony 

scent.” Neuroimaging studies have shown that when reading scent-associated words such as 

“cinnamon,” there has been an increase in the primary olfactory cortex. Other brain imaging 

studies have found substantial overlap in the areas activated by real odors and imagined ones.  

Lin et al. (2014) also found that the intensity of emotions was stronger when provoked by a 

picture rather than just words. That should perhaps not come as a surprise, as the emotion system 

in the brain is older than the language systems, which is an indication that images easily triggers 

emotion more than language.  
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An ambient scent is defined as a scent present in the environment but does not originate from a 

specific product. In a retail store setting, ambient scents have been shown in retail stores to 

influence shoppers. They tend to enhance positive purchase experiences and increase product 

evaluations.  

. 

Herrmann et al. (2013) found that simple and more easily processed scents lead to less cognitive 

processing and increased actual spending, whereas a more complex scent did not have that same 

effect. Whereas, Mitchell et al. (1995) did find that if the odor is congruent with the product class, 

the consumers spend more time processing the data, are more holistic in their processing, and 

often tend to go beyond the information given to them. 

 

Bosmans (2006) found that if the ambient scent is congruent with the product category, it will 

positively affect the consumers’ product evaluations, regardless of the saliency of the scent and 

how motivated the consumers are. Furthermore, it was also found that the effects of incongruent 

scents were not that negative if the saliency of the smell was not too high. The olfactory effect 

maybe even better than using other affective cues such as music and colors.  

, which is also what A.K. Pradeep (2010) argued in his consumer neuroscience book: “We know, for 

example, that the soft scent of lemon increases sales in seafood restaurants. The subtle smell of 

grass near the dairy aisle could take consumers back to a simpler, more carefree time, and 

subconsciously remind them of the fields the products come from. In a high-end car or luggage 

stores, the rich, deep scent of polished leather calls to mind luxury, relaxation, and reward. In 

clothing stores, the invigorating scent of the sea or the romantic mix of roses and violets suffuses 

the experience and makes purchasing a product associated with those memories powerful. 

Realtors know that cookies baking seduce buyers into considering a “property” a home.” (Pradeep, 

2010. P. 48). 

The smells mentioned are all congruent, which exemplifies how scent marketing can boost sales. 

 

However, as the saying goes: “less is more,” and that goes for scents as well. Even though the 

Bosmans study did not find evidence of saliency being an important factor, Lin et al. (2018) 
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reported that saliency does matter and refers to a study where the Abercrombie & Fitch retail 

smell does increase anxiety. It also goes in-hand with that some customers are either more 

sensitive to perfumes or upright allergic. The Lin paper claims that up to 20% of the American 

population falls into those groups.  

 

It is also important for businesses to know that products that are evaluated on a haptic dimension, 

and scents play a crucial role in product evaluation. Furthermore, the Krishna et al. (2010) paper 

claims that as the product quality increases on the market, the functional aspects of a product 

become less important, but the aesthetic dimension will be even more important in purchasing 

decisions, but the research also emphasizes that the aesthetic dimension is more than just visual 

aesthetics, as scents are important.  

 

5.10 Framing effect 

 

A framing effect is a modulation of decision-making due to how a decision problem is stated. It is a 

cognitive bias where the choice from a set of options is influenced more of how the choice is 

framed rather than the actual utility of choice. 

 

However, the significance of the framing effect is because the outcomes are the same, regardless 

of the options, but they are framed in different ways to appeal to biases (Peters & Büchel, 2011). 

An example of the framing effect is a milk that is "10% fat", and another milk that is "90% fat-

free". Even though the two milks are the exact same, the framing effect will most likely make 

consumers choose the second milk, as it is framed as being healthier. Value frames are where 

values are adjusted, like seen with the milk, where the consumer is manipulated into believing, 

they are getting a better deal. Higher values tend to drive humans into believing it is a better deal, 

and that is enhanced by the availability heuristic, where a human makes cognitive shortcuts and 

rely on immediate examples when evaluating something. 

 

Perhaps, one of the most famous framing experiments conducted was the Asian disease problem 

by Tversky & Kahneman (1981), where the participants had two options with similar outcomes 
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regarding an Asian disease. The participants had a problem, but when the problem was being 

framed more positively, they would be more risk-averse, however, when the problem was framed 

negatively, they would go for the riskier solution.  

The two professors were also the founding fathers of prospect theory, where it was shown that a 

loss is viewed as more significant than a gain of similar size. A sure gain was also favored above a 

probabilistic gain, whereas a probabilistic loss is viewed more positively than a certain loss. 

Humans want to avoid losses at all cost, and that is why they tend to be more bold and aggressive 

in a negative framed situation. 

 

As mentioned in the problem formulation chapter, there is a P-Q heuristic, where consumers defer 

to price as valuable information about the quality of the product. However, as Ashton (2014) 

reported, that does not always seem to be the case, as was demonstrated in the study of wines. 

Nonetheless, Almenberg & Dreber (2011) also conducted an experiment where the price of wine 

was revealed before tasting. They found that attaching a high price before tasting the wine 

generates significantly better ratings from women, whereas, attaching lower prices does not end 

in lower ratings. This is interesting because, there also seems to be a gender difference in terms of 

women being more sensitive to small cues and often tending to adhere to social norms that the 

more expensive wine should taste better. This may indicate that the framing effect than men 

easier influences women. However, when it comes to the subject of fragrance, that is still unclear. 

Based on those variables, and the fact that women have a better sense of smell than men, the 

researcher proposed the fourth hypothesis, even though it may seem contradictory to the findings 

of Almenberg & Dreber (2011). 

 

Gendall et al. (2006) conducted two experiments to determine how the framing effect affected 

consumers' evaluation of price discounting. They found that for low-priced items, like potato chips 

and cola drinks, the framing effect had little effect. Whereas, for higher-priced items like 

computers and stereos, the framing effect in terms of discount of dollars was way more effective 

than framing in percentages. 

This is also similar to what the Chang (2008) paper found, which is when the magnitude of 

donation is constant, a framing in terms of absolute dollar value is more effective than when its 
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framed percentage-wise for lower-priced products, whereas, the opposite is true for high-priced 

products. Additionally, Levin & Gaeth (1988) found that consumers evaluated beef more favorable 

when it was framed as "75% lean" (positive frame) than "25%" fat (negative frame). However, the 

framing effect lessened when the consumers actually tasted the meat. Ultimately, framing is not 

just about setting a price high or low, but also differences in what kind of value or ratio, the 

manipulator uses. 

 

Miller & Fagley (1991) also found that the framing effect may decrease when the information is 

systematically processed, due to the fact that people who are influenced by the framing effect rely 

more on heuristics. This could indicate that the usage of the automatic system one is the one that 

makes people `fall' for the framing effect, whereas, the systematic processing of system two 

minimizes or neutralizes it (Tabesh et al., 2019). This is also confirmed by the fact that experts 

within a field are less likely to be affected by the framing effect because they tend to rely on their 

expertise, as opposed to the framing of the situation (Kühberger, 1998 & Loke et al., 1992). 

 

Although, if a company wants to make the consumer process their message more systematically, 

then Smith & Petty (1996) found that providing a message framing that was unexpected for a 

certain type of message would increase the systematic processing. If the norm is to advertise a 

product through positive framing, then a negative frame would increase the systematic processing 

of the advertisement. Advertisements can fundamentally be split up into two different categories. 

One is the thinking advertisement, where the focus is on the factual information or the utilitarian 

aspects of the product or service, whereas, the second one emphasizes emotional experiences 

that the consumer will experience through the usage of this product or service. As mentioned 

previously, using the wrong appraisals could trigger the wrong emotions in customers', and 

consequently, it could hurt the brand.  

 

There has not been conducted any framing effect experiment on the sense of smell to the 

knowledge of the researcher's. As mentioned before, there has been made framing effect 

experiments on the sense of taste with the wine experiments, and given the fact that those two 
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senses are closely related, one could wonder the seen increased likening shown in a lot of tasting 

studies would spill over to the sense of smell as well? 

Plassmann et al. (2008) conducted a framing effect on the price of wine, where participants were 

scanned with an MRI scanner while they were tasting wines, and what they found that more 

expensive wines increased both the subjective reports of the likening of the test, and additionally, 

there was an increased blood-oxygen-level-dependent activity in the medial orbitofrontal cortex. 

This is a part of the brain that codes experienced pleasantness during experiments. Henceforth, 

the paper found both subjective and objective evidence that the framing effect indeed is real. 

 

Another example of the framing effect affecting behavior is that Wright et al. (2013) conducted an 

experiment where participants had to choose between two different energy drinks. The price was 

manipulated by 4 US Dollars (1 Dollar vs. 5 Dollars). They found that the participants who drank 

the higher-priced energy drink outperformed those who drank the cheaper option in a puzzle task. 

Afterward, they repeated the same study, but instead of the framing of price, it was a framing of 

ingredients (six vs. two ingredients) that was used. Unsurprisingly, they found that the subjects 

indigested the six-ingredient energy drink outperformed those on the two-ingredient drink. These 

findings show that the framing effect is simply not about increasing the likening but can also 

impact the performance. 

6 Methodology 

 

 

Due to the positivistic and quantitative nature of this study, a consumer neuroscientific method 

are appropriate, since it offers objectively and quantitative data to provide a scientifically valid 

answer to the proposed hypotheses. The most important thing to do when conducting a consumer 

neuroscientific study is to select the right tool for what one wants to study. Given that this paper 

wishes to examine the emotional response to a smell, the biometric measurement tools are the 

best possible tools to do that. The benefits of using those are that they are easier and cheaper to 

use, and additionally, they are often more accessible in comparison to some of the neurometric 

techniques such as the fMRI.  
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6.1 Eye-tracking 

 

Alongside the fMRI scanner, the eye-tracking camera can make a case for being the most well-

known neuroscientific tool. The science of eye movement patterns in response to print advertising 

stimuli dates almost 100 years back. Eye-tracking technologies, after tuning and adjustment, 

monitor the eye movements as in saccades and fixation (Harris et al., 2018(.   

The eye-tracking device is a very popular toolkit, and it is far from just neuromarketers who use it. 

Other marketers also use eye tracking because it has become a very cheap and accessible toolkit, 

where one can do it with a computer or with infrared eye-tracking glasses. This makes it possible 

to do an eye-tracking study in natural settings like in a store. It is a great tool because it shows 

where the attention of the customer is, and as was seen in the perfume advertisement, the 

attention of the consumer was on the model and not the product itself. It can be used everywhere 

in every scenario, like on a webpage, product labeling, and logos. The opportunities are many, 

however, because of its popularity, many marketers use it, which often leads to mistakes. 

There are usually four types of data that the eye tracking device records. It is the duration of the 

first fixation (DFF), the latency of first fixation (LFF), number of fixations (NOF), and the total 

contact (TCT) on each region of interest. The tool generates heat maps, gaze plots, and scan paths 

to analyze the marketing stimuli response (ibid).  

However, the eye-tracking tool can also measure changes in the pupil. The measurement of 

changes in pupil size is being referred to as pupillometry. 

 

6.2 Pupillometry 

 

The pupil is driven by the autonomous nervous system that controls the muscles of the iris and is 

concerned with emotional and volitional types of thinking. The size of a pupil varies from 2 to 8 

millimeters on a human. The pupil functions as a gatekeeper from incoming light from the outside 

of the world, where the light is processed in the retina, as mentioned earlier. 

There are two muscles responsible for changes in diameter. The iris dilator muscle located in the 

outer parts of the iris is responsible for dilating the pupil, whereas the iris sphincter muscle 
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contracts it (Meißner & Oll, 2019). The interesting reason is that both pupillary muscles receive 

input from the brain systems involved in autonomic and cognitive functions. It is interesting 

because activity in the autonomous nervous systems affects the size of the pupil. Sympathetic 

activation in the autonomous nervous system will increase emotional arousal and dilate the pupil. 

Whereas, parasympathetic activation will decrease arousal and lead the pupil to contract (ibid). 

Bradley et al. (2008) conducted an experiment to see the effect of emotional pictures on pupils in 

a controlled laboratory setting. The participants were exposed to pleasant, neutral, and 

unpleasant pictures while their pupils were measured. The pupillometry, a GSR, and their heart 

rates were used at the same time to determine whether pupillary changes are due to 

parasympathetic or sympathetic activation. It was found that the pupils dilated more when 

viewing pleasant or unpleasant pictures, and that was also seen in the skin conductance change.  

This study provided strong evidence that sympathetic activation was the reason for those 

physiological changes. Simply put, it was found that an eye-tracking device using pupillometry was 

an excellent measurement of emotional arousal response to marketing stimuli. 

 

In the past, there was a belief that pupil dilation was due to positively valenced stimuli, and pupil 

contraction was due to negative stimuli. However, that is not entirely true, as Hämmerer et al. 

(2017) found that crying dilates the pupil more than positive stimuli like laughing. Other studies 

show that both positive and negative stimuli generate similar pupil responses (Olivia & Anikin, 

2018). Regardless of the somewhat different views, it is a fact that arousing stimuli trigger an 

autonomic reaction in the form of pupillary responses more than neutral responses. Given this 

fact, it is unclear whether changes in the size of pupils are due to negatively or positively valenced 

stimuli. This is also why the seventh hypothesis was formulated as a null hypothesis. 

Nonetheless, there can be many reasons why a pupil dilates or contracts, and henceforth, the 

experiment must be conducted in a setting where these things are accounted for.  

 

Based on those grounds, the most logical and best consumer neuroscientific tool to examine the 

hypotheses is eye-tracking with the ability the usage of pupillometry. It is also the tool of choice 

because it is not as sensitive to movement as the eye-tracking device is 
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Copenhagen Business School has access to an eye-tracking device on their campus, and through 

this device, it is possible to give a scientifically accurate answer to the hypotheses. 

.  

6.3 Software 

 

 

The eye-tracking device that will be used is a Tobii pro eye-tracker, and In order to use the camera, 

a program is needed that can provide the raw data that will be used in the analysis. Imotions is a 

Danish It-company that has developed software that can be used to analyze nonconscious 

processes of humans with tools like eye-tracking and many more (Imotions, n.d.). It simplifies the 

complexity of conducting quantitative behavioral research, and additionally, it gives access to 

cognitive and emotional data in a coordinated way that dives into human emotional processes in 

real-time. This makes it possible to quantify the raw eye-tracking data so that the researcher can 

provide a satisfactory answer to the hypothesis or research question. Therefore, Imotions 9.0 is 

the ideal software to use for this experiment. Through this program, slides were made that the 

participant had to go through in the experiment while their pupils were measured. Furthermore, a 

survey was included after each smell, where they had to evaluate the scent on a scale of 0-10. 

 

 

6.4 The fragrances 

 

This experiment will center around two perfumes from two different scent categories. Michael 

Edwards is a British historian and is the founder of the largest perfume guide classification called 

“Fragrances of the World” (Fragrances of the World, n.d.), which has helped sell the perfumes for 

retailers and fragrance houses. He has authored several books on perfumes and is lauded as one 

of the leading experts within the field. He has educated and worked closely with several perfume 

developers for over 40 years. 

There were over 2.900 fragrances listed in the guide as of 2001, and the number of perfumes in 

the guide is just growing every year (Household & personal products industry, 2001).  
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Michael Edwards has developed a fragrance wheel the explains the relationship between 

fragrance preferences and the fragrance categories. There are 14 different categories divided into 

four different “over-categories.” The wheel is shown in the third appendix. 

 

The researcher has chosen to select perfumes from the oriental and fresh categories because they 

offer a sharp contrast instead of categories. One fragrance from the oriental and fresh categories 

was selected for the project. Because of the complex note breakdown often seen in fragrances, it 

became very important to select one that was a pure interpretation from each category. It is 

possible that one may like one spicy fragrance and then dislike another spicy scent; there is simply 

no guarantee, however, by selecting two contrasting fragrance categories, there is a chance, that 

there will be something for each participant. Fragrances are a very subjective and personal matter, 

as evident with the sense of odor. Based on those things, it is important to pick one that is 

“stereotypical” oriental or fresh because it offers the best foundation to generalize on the smell 

categories, and consequently, it means that all the main notes in the fragrance only must belong 

in each scent category, and not overlap with other categories such as seen with categories such as 

”woody oriental” or floral or fresh.”  

The two categories were also selected because they are the ones that appeal to both sexes, 

whereas floral scents are often being viewed as `feminine, which is also confirmed by the Cuestra 

et al. (2020) paper that found women preferred the floral scents as opposed to men. Both of the 

fragrances selected are marketed as being “unisex.” 

Another important aspect of fragrances is that they tend to develop as they dry down. Henceforth, 

it also becomes important that the fragrances were very linear with little development throughout 

the lifespan because one person could smell different notes as compared to another person. 

Additionally, given the fact that skin chemistry can alter the notes of a fragrance, the participants 

had to smell the fragrance on a white perfume testing strip. 

The fragrance “Tobacco Vanille” from Tom Ford, which was released back in 2007, was chosen for 

the spicy category. The main notes are tobacco leaf, vanilla, and ginger. Tom Ford describes the 

scent as follows: “Tobacco Vanille is opulent, warm and iconic. Reminiscent of an English 

gentleman’s club and blended with rich spices, vanilla and tobacco flower, it leaves a powerful 

impression.” – Tom Ford (Tom Ford, n.d.).  
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The price for 100 ml goes for 360 US dollars. This is the perfect choice for a typical spicy fragrance, 

and it has become one of his best-sellers and most popular perfumes. 

 

The fresh fragrance used for this experiment will be “Bergamusk” by Orto Parisi. The issue is that 

the Orto Parisi brand never discloses the notes of their fragrances, but the name reveals the main 

notes of bergamot and musks (Nose Paris, n.d.). 50 ml goes for 138€. 

The Michael Edwards fragrance wheel classifies Tobacco Vanille as oriental under the oriental 

category, whereas Bergamusk is classified as a citrus scent under the fresh categories. The two 

fragrances are also ideal because Bergamusk, with its freshness, will have a cool scent profile, 

whereas, Tobacco Vanille will be experienced as hot because their notes are solely within their 

scent category. 

Based on those factors, the two perfumes were the most ideal for this experiment, and enough 

milliliters of the two fragrances were purchased. 

 

7 Research design 

 

This chapter will explain how the experiment was set up and what tools were used for that. 

 

7.1 Experimental design 

 

The experiment takes place in the Senselab room at Copenhagen Business School’s Solbjerg Plads. 

There is a laptop in that room with the TobiiPro camera used for eye-tracking (TobiiPro, n.d.).  

Five minutes before the participants began the experiment,  the paper test was sprayed kit to let 

the scent settle before the participants actually came in contact with the scent. It was also a 

consideration to have the participants smell the fragrances directly from the sample instead of 

spraying them on the test kit. However, due to the odor-color association, where people tend to 

associate color with a particular odor, that would not be feasible because that would influence the 

participant’s perception (Nehmé, et al., 2016). Furthermore, the color of the fresh fragrance, 

Bergamusk, has a yellow-amber color, which could make it harder to convince the participants 
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that they are two different scents. Furthermore, it could cause the Bergamusk to dilate the pupil 

more and increase the likening because of the yellow color, which studies have shown to be linked 

to lemon. Zellner et al. (1991) found that people rated appropriate color-odor combinations as 

being more pleasant. They found that color was a crucial perceptual variable because subjects 

became biased towards an odor on a color. Overall, the color of the odor could compromise the 

pupil size, and henceforth, the solution with the paper test kits was chosen. To ensure that the 

participants did not suspect that they were the same fragrances, the cheap scents, were given the 

number one, whereas the expensive scent was given the number two. As an example, if the 

participants were to smell the scent presented as a spicy expensive, they were given the test kit: 

S2.  

The test kit and the fragrance samples used in the experiment are seen in the picture below:

 

Figure 7.1 – The fragrances and test kits. 
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When the participants entered the room, they were asked to sign a letter of consent, which is 

mandatory before attending any experiment in the Senselab. The contract is in appendix 4. 

  

As mentioned in the previous segment, the participants will go through slides to conduct the 

experiment. The first three slides are an instruction for the experiment, where the participants are 

welcomed to the study and explained the steps in detail. The figure below is an illustration of the 

first three slides: 

 

Figure 7.2 – The three first slides in the experiment 

 

After the first three slides, the participants will be presented with information on the price, scent 

category, and what kind of stores sell them on the fragrance they are about to be exposed to. For 

each scent category, there is a fragrance framed as being expensive (900 DKK for 30ml) and only 

being sold in exclusive stores, and a fragrance framed as being cheap (200 DKK for 30 ml) and sold 

in cosmetic stores. Even though this study centers around the two scent categories of fresh and 

spicy fragrances, there was also added a “cheap trial round” at the beginning of the experiment 
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and an “expensive trial round” at midway. The participants thought they were smelling fragrances 

with mild top notes, where in reality, there was no fragrance or any smell at all on the test kits.  All 

the possible scent categories and price combination stimuli that the participants had to undergo 

are listed in this box below: 

Categories: Cheap Expensive 

Fresh 199DKK for 30 ml. 

Sold at: cosmetic stores. 

900DKK for 30 ml. 

Sold at: exclusive fragrance 

stores. 

Spicy 199DKK for 30 ml. 

Sold at: cosmetic stores. 

900DKK for 30 ml. 

Sold at: exclusive fragrance 

stores. 

Mild (Placebo) 199DKK for 30 ml. 

Sold at: cosmetic stores. 

199DKK for 30 ml. 

Sold at: cosmetic stores. 

Figure 7.3 – The scent and price combination. 

 

After 15 seconds of the screen showing information about the fragrance, the next slide will 

automatically appear, which is an empty one with a duration of three seconds. The reason for that 

is that in this slide, the participants will have the baseline size of their pupils measured. In the last 

slide of this sequence, an “X” appears on the next slide for 10 seconds, and this is where the 

participants must take the testing kit up to their nose and inhale the fragrance while they are 

gazing at the “X”, and this happens while the Tobiipro camera measures their pupillary response. 

 

After those 10 seconds, the participants evaluated the fragrance based on their own liking and on 

a scale of 0-10. After, they evaluated the fragrance, they were told to inhale and exhale to clear up 

nasal pathways and then press space to continue, and it continued that way until the experiment 

was done. The slides on about the information of the scent, the empty slide, and the gaze slide are 

illustrated down below. 
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Figure 7.4 – The stimuli slides. 

 

 

The overall process described in this segment took an estimated 12 minutes on average for each 

participant to walk in the room till they were done with the experiment. 

 

7.2 Recruitment 

 

23 participants were recruited for the experiment (10 males, 13 females). 

The requirement for participating in the experiment was that they were in the age group of 18-50 

years old. They must not be allergic or sensitive to perfumes. They needed to have a 72-hour valid 

corona passport, or else they would not be let in the campus. 

The age group was necessary because the olfactory function decreases as we age. The first signs of 

decline in olfactory performance become detectable in the early forties under laboratory 

conditions (Avery, 2008). There are other reasons why people have decreased sense of smell, such 

as allergies, sinusitis, polyposis of corona (Boyce & Shone, 2006). That is why the participants were 

asked if their sense of smell was intact. 
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8 Quantitative data analysis 

 

In this segment, the quantitative data collected from the respondents in the pupillometry 

experiment will be analyzed. 

 

8.1 Data collection 

 

The positivistic research philosophy sets the foundation of the data collection, and there are two 

broad categories of research data; quantitative and qualitative. Based on the hypothesis and the 

research philosophy, it only makes logical sense for this research to be a quantitative study.  

Quantitative research is collecting and analyzing data that is structured and can be put into 

numbers. An important goal to quantitative data gathering is to build precise and reliable 

measurements that can be used for statistical analysis. Quantitative data in its raw form convey 

little meaning, and consequently, these raw data needs to be processed to make them turn into 

information that is actually useful (Saunders et al., 2015). It does that by using tables, graphs, and 

statistics, which will make it possible to explore, present, describe and examine the data itself, the 

relationships between, and the trends.  

This is why quantitative research is very good at answering the "how" and "what" questions, 

because quantitative research questions are descriptive, comparative, and relationship-based 

research questions and the questions are direct and quantifiable. It aims to be objective, which is 

in line with a positivistic perspective. That makes it possible for the results to be compared, 

summarized, and generalized, and as a result, the quantitative approach can represent complex 

problems through variables. The advantages of quantitative research are that the findings can be 

generalized to a certain population because of the large data sets and the findings are 

representative of the population.  

Standardized approaches make it possible for the study to be replicated in the future, and it also 

makes the documentation of the research framework and methodology sharable and can be 

replicated as well. However, quantitative research is not good in answering the "why". Qualitative 

research is more suited to answering why subjects think, feel or act in the way they do. 

Nonetheless, the purpose of this paper is just to see if the framing effect of a fragrance affects 
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emotional arousal and likening, and for that purpose, quantitative data collection is the most 

suitable. 

 

Furthermore, there are two types of data. Secondary data are formally published research, 

journals, and books, that is, data that are collected by someone else beforehand. Whereas, 

primary data is collected by the researcher, him or herself. (Ibid).  

This paper is quantitative multimethod research because it relies upon two types of quantitative 

data. The pupillometry data is the experimental data, which will answer the subconscious 

emotional arousal response to the scent, whereas the survey data will answer the scent's 

conscious and emotional evaluation (Creswell, 2015). 

 

8.2 Variables 

 

As mentioned in the experimental design chapter, two “placebo” rounds in the experiment with 

the fragrance with mild top-notes. However, because the research question and the proposed 

hypotheses do not involve the placebo rounds, they have not been included.  

Researchers need to use the variables to describe and measure the items and ideas that they wish. 

Henceforth, it is vital to select the right variables when designing the study, conducting the 

experiment, and interpreting the results. Furthermore, a strong understanding of the variables 

sets the stage for precise statistical analyses and results. 

 

The independent variables are the singular characteristics that do not change regardless of other 

variables. For this experiment, the independent variables are gender (Female vs. Male), scent 

category (Fresh vs. Spicy), and price (Cheap vs. Expensive). These data types are also characterized 

as nominal. 

The dependent variables are the reliability of other components, and henceforth, that can be 

changed. Independent variables influence the dependent variable, but the opposite cannot 

happen. This is important because the cause of the changes in the dependent variable is 

ultimately what the researcher wants to find out. The two dependent variables in this thesis are 

the pupil increase and the likening. 
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Before going in-depth with the data analysis, one must determine whether the samples or 

observations are dependent or independent. The observations conducted in this experiment were 

dependent because the participants were measured multiple times, and the observations were 

matched. This is very important because one can proceed to the next step, which is to analyze the 

dataset.  

   

8.3 Method of analysis 

 

 

Based on those variables, the repeated mixed-effects models were chosen as the ideal tool to 

analyze the datasets presented, which consisted of repeated observations. It is also an appropriate 

model because it can involve complex fitting procedures like including participants as a random 

effect. 

To find out whether the six first hypotheses should be accepted or rejected, the P-value will be 

used to test the significance, which measures the probability that an observed difference could 

have happened by random chance.  

If there is a statistically significant difference in the arousing emotional effect on the framing of 

price, then the P-value is less than 0.05 (P<0.05). 

 

However, for the seventh and last hypothesis, a different analysis had to be picked because two 

dependent variables in the pupil dilation and the evaluation of the scent are being analyzed to find 

a correlation. 

A multivariate correlation which is a statistical procedure for the analysis of data involving more 

than one type of measurement or observations, was selected for that purpose. 

                                            

Just like for the repeated mixed-model analysis, we want to find a value that can tell us directly 

how the two variables in pupil dilation and the evaluation of the scent interacts, and whether 

there is a correlation, and for that, the researcher will be using the Pearson correlation (r). 
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The range of values is from -1 to +1. If the value is 0, then there is no association between the two 

variables, whereas, if it was above 1, then there is a positive association, which means that if one 

variable increases, then so do the other. Whereas a value of below 0 is a negative association, 

which means that if the value of one variable increases, the value of the other decreases 

(Schielzeth et al., 2020). 

 

The Pearson (r) correlation was also used at the end of the second, fourth, and sixth analysis to 

find out if there is an overall correlation between the arousal and likening and the price, scent 

category, and gender. Additionally, a scatterplot matrix graph was added as well to give a visual 

overview of the correlation. 

. 

 

8.4 The analysis of hypotheses 

 

As mentioned earlier, 23 participants were recruited to the experiment, whereas, two female 

participants (8.7%) had to be excluded due to poor calibrations. This means that 21 out of the 23 

participants were selected for the final data analysis. 11 of the selected participants were female 

(52.38%), whereas, the remanding 10 were males (47.62%). 

 

The next pages will be used to analyze the data accordingly to the proposed hypotheses, starting 

with the main hypothesis. 

 

8.4.1 Hypothesis 1: Arousal vs price 

 

H1: “The more expensive fragrances will be statistically significant more emotional arousing than 

cheaper fragrance.” 

 

The result from the respondents was F(1,20)=0.0395, p=.07, whereas, the P-value was (P>0.05), 

and given the fact that is above the accepted threshold, the main hypothesis will be rejected. 
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Source Nparm DF DFDen F Ratio Prob > F 

Price 1 1 20 0,0935 0,7629 

 

 

 

 

 

8.4.2 Hypothesis 2: Likening vs Price 

 

H2: “The more expensive fragrances will be statistically significantly better liked than the cheaper 

fragrances.”  
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The result for the second hypothesis is: F(1,20)=3.3977, p=.08, and because the P-value is P>0.05, 

just like in the first hypothesis does not meet the threshold, and hence forth, the second 

hypothesis is rejected as well. 

 

 

 

 

 

 

 

Correlation analysis: 

 

The Pearson (r) correlation for the cheap scents were r = -0.0087, and for the spicy scents is r = 

0.0056. 

Source Nparm DF DFDen F Ratio Prob > F 

Price 1 1 20 3,3977 0,0802 
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Correlation analysis = Cheap: 

 

Source Pupil increase(Max_response - Max_baseline) Likening 

Likening 1,0000 -0,0087 

Pupil increase(Max_response - Max_baseline) -0,0087 1,0000 

 

 

 

Correlation analysis = Expensive: 

 

Source Pupil increase(Max_response - Max_baseline) Likening 

Likening 1,0000 0,0056 

Pupil increase(Max_response - Max_baseline) 0,0056 1,0000 
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8.4.3 Hypothesis 3: Arousal vs Scent category 

 

 

H3: “There will be a significantly difference in the emotional arousal between the fresh and spicy 

scents.” 

 

The result of the third hypothesis F(1,20)=5.5962, p=.00.2, and because of the P-value is being 

below 0.05 (P<0.05), the hypothesis is hereby accepted. Next comes the question, that which of 

the two scent categories was responsible for having the most arousing effect? 
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Source Nparm DF DFDen F Ratio Prob > F 

Scent Category 1 1 20 5,5962 0,0282* 

 

 

The parameter estimates below tell us that it is the fresh scent category that is responsible for 

having the most arousing effect, which also aligns with what the box chart tells us.   

 

Term Estimate Std Error DFDen t Ratio Prob>|t| 

Intercept 0,3336341 0,034329 20 9,72 <,0001* 

Scent Category[Fresh] 0,0398258 0,016835 20 2,37 0,0282* 
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8.4.4 Hypothesis 4: Likening v Scent category 

 

 

H4: “Fresh scent will be significantly better liked than spicy scents.” 

 

As we can see in the box, the result for scent category is F(1,19)=0.0111, p=.09, and as a result of 

that (P>0.05), the fourth hypothesis has to be rejected. 

 

Source Nparm DF DFDen F Ratio Prob > F 

Scent Category 1 1 19 0,0111 0,9171 
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Correlation analysis: 

 

The Pearson (r) correlation for the fresh scents are r = -0.0191, and for the spicy scents were r =  

0.0210. 

 

Correlation analysis = Fresh: 

 

Source Pupil increase(Max_response - Max_baseline) Likening 

Likening 1,0000 -0,0191 

Pupil increase(Max_response - Max_baseline) -0,0191 1,0000 
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Correlation analysis = Spicy: 

 

Source Pupil increase(Max_response - Max_baseline) Likening 

Likening 1,0000 0,0210 

Pupil increase(Max_response - Max_baseline) 0,0210 1,0000 

 

 

 

 

 

Scatterplot Matrix

-0,4

-0,2

0

0,2

0,4

0,6

0,8

0

2

4

6

8

Pupil

increase(Max_response -

Max_baseline)

-0,4 -0,2 0 0,2 0,4 0,6 0,8

Likening

0 2 4 6 8



 62 

8.4.5 Hypothesis 5: Arousal vs gender 

 

H01 / H5: “Women will not be more statistically significantly emotionally affected by the framing 

effect of price than men.” 

 

 

As we can see on the box, the results from the difference on emotional arousal based on price and 

gender is: F(1,19)=0.03833, p=.03. Due to this being a null hypothesis, in order for the hypothesis 

to be accepted, then P-value actually needs to be above 0.05 (P>0.05), and because it was 0.3645, 

then the null hypothesis will be accepted to be true. 

 

 

Source Nparm DF DFDen F Ratio Prob > F 

Price 1 1 19 0,1216 0,7311 

Gender 1 1 19 1,8452 0,1902 

Price*Gender 1 1 19 0,8633 0,3645 
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8.4.6 Hypothesis 6: Likening vs gender 

 

 

H02 / H6: “Women will not show statistically difference in likening based on the framing of price.” 

 

 

The result of the hypothesis is: F(1,19)=0.0336, p=.08. Just like in the previous null hypothesis, the 

P-value has to be above 0.05, so the result (p=.08) shows that women are not significantly 

statistically influenced by the framing of price (P>0.05). Consequently, the sixth and second null 

hypothesis will be accepted. 
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Source Nparm DF DFDen F Ratio Prob > F 

Gender 1 1 19 1,8675 0,1877 

Price 1 1 19 3,2576 0,0870 

Gender*Price 1 1 19 0,0336 0,8564 

 

 

 

Correlation analysis: 

 

The Pearson (r) correlation for the male participants are r = 0.0830, and for the female participants 

were r = 0.0189. 
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Correlation analysis = Male: 

 

Source Pupil increase(Max_response - Max_baseline) Likening 

Likening 1,0000 0,0830 

Pupil increase(Max_response - Max_baseline) 0,0830 1,0000 

 

 

Correlation analysis = Female: 

 

Source Pupil increase(Max_response - Max_baseline) Likening 

Likening 1,0000 0,0189 

Pupil increase(Max_response - Max_baseline) 0,0189 1,0000 
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8.4.7 Hypothesis 7: Arousal vs likening 

 

 

H7: “There will not be a significant correlation between emotional arousal and likening.” 

 

 

 

Source Pupil increase(Max_response - Max_baseline) Likening 
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Pupil increase(Max_response - Max_baseline) 1,0000 0,0033 

Likening 0,0033 1,0000 

 

 

 

As we can on the table, r = 0.0033, and hence forth, there are no association between the pupil increase or emotional 

arousal and the likening of the scent. This is also what is seen on the scatterplot matrix, where the scatterplots are just 

spread around. Based on that, the seventh hypothesis is hereby accepted. 

 

8.5 The results of the hypotheses´ 

 

Before moving on to the next chapter, which is the discussion of the results. This box will present 

an overview of the hypotheses accepted and rejected. 

Figure 8.1 – The results of the hypotheses. 

Hypothesis: Result: 

H1: “The more expensive fragrances will be 

more statistically significant more emotional 

arousing than cheaper fragrance” 
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H2: “The more expensive fragrances will be 

statistically significantly better liked than the 

cheaper fragrances.”  

 

Rejected. 

H3: “There will be a statistically significantly 

difference in emotional arousal between the 

fresh and spicy scents.” 

 

Accepted. 

H4: “Fresh scent will be statistically 

significantly better liked than spicy scents.” 

 

Rejected. 

H01 / H5: “Women will not be more 

statistically significantly emotionally aroused 

by the framing effect of price than men.” 

 

Accepted. 

 

H02 / H6: “Women will not show statistically 

difference in likening based on the framing of 

price.” 

 

Accepted. 

H7: “There will not be a significant correlation 

between emotional arousal and likening.” 

 

Accepted. 

 

9 Discussion 
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This chapter will be split up into two parts. The first part will discuss the findings of the thesis, 

whereas, the second part will dwell into the reliability, validity, and limitations of this study. 

 

9.1 Discussion of results 

 

9.1.1 Discussion of H1 

 

The framing of price in fragrances has never been studied before, and henceforth, this was an 

intriguing subject. This hypothesis was shaped because of price framing, as mentioned in the 

problem formulation and the theoretical chapter. The findings of Bradley et al. (2008) solidify the 

usage of pupilometer as a reliable tool to measure emotional arousal, and therefore, it was the 

correct tool to use for this experiment. 

 

The findings of the first hypothesis state that the framing of price does not lead to an increase in 

the participants' emotional arousal. Whether a fragrance is framed as being cheap or expensive, 

does not matter to the participants' emotional response. 

 

This conclusion contrasts with the findings of Plassmann et al. (2008), where through the usage of 

an fMRI scanner, they found an increased brain activation in the more expensive wines compared 

to the cheaper wines. 

 

There is no question about the extensive research done on the framing effect when it comes to 

the effect of price; however, there is a critical difference in comparison to other studies. Whereas 

former framing effect studies tend only to rely on self-reporting data or survey data, this paper 

also relies on that kind of data and a lot on objective neuroscientific data. There are also other 

reasons why the participants were not affected by the framing, but that will be dealt with in the 

next discussion. 

 

Previous research has been established that people react to framing effects differently based on 

genetics. Neuroimaging has shown that the prefrontal cortex (PFC)-amygdala circuitry plays a 
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crucial role in the framing effect, because an increased activation in that part of the brain leads to 

an increased susceptibility to the framing effect (Gao et al., 2017). That may not come as a 

surprise due to the prefrontal cortex's executive role, as mentioned in the theoretical chapter. 

 

Most framing effect studies do not look to measure emotional arousment as a response to a 

framing. The Plassmann paper was one of the few that also investigated the emotional response 

to the framing of price. Unfortunately, this thesis was not able to replicate the same findings.  

 

It was the expectation of the researcher that the direct connection between the olfactory system 

and the emotional parts of the brain would manifest itself significantly in the dilation of the pupils. 

However, that was not the case in this experiment. 

 

9.1.2 Discussion of H2 

 

The second hypothesis was based on the price-quality heuristic. As stated in the problem 

formulation and in the theoretical part, there seem to be a link between the perceived quality of a 

product and the price, but whether that goes for fragrances as well, is still unclear. As shown in 

the first hypothesis, there is no correlation between the framing of price and pupil dilation, and 

one could wonder whether that is the same when it comes to the likening of the fragrance.  

 

The methodology of the second hypothesis was more in-line with the other framing effect studies 

by relying on self-report data, and through those methods, the price-quality heuristic has been 

confirmed exist, but does the same heuristic transfer to every product category? 

 

The second hypothesis was like the first hypothesis rejected 

 

The research conducted by Ashton (2014) found no evidence of a P-Q heuristic in terms of wine, 

whereas, the findings by Plassmann et al. (2018) and Almenberg & Dreber (2011) contradicts that. 

Nonetheless, to the knowledge of the researcher, a framing effect experiment has never been 
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conducted in the context of fragrance, which is also why this subject was viewed as a literature 

gap and was eventually chosen. 

 

The findings of the previous researches has some significance, because the sense of smell and 

taste are closely related, and the framing effect on price regarding the tasting of wine left a bit of a 

blurred picture, with mostly in favor of a P-Q heuristic. Plassmann et al., (2008) found both 

subjective and objective evidence of the framing effect with regards to the sense of taste. The 

interesting thing about this study, is that it deploys both neuroscientific and subjective self-report 

methods like used in the Plassmann study.  

The result of this thesis points to such a heuristic not exist in the context of fragrances, but there 

may be reasons for the lack of results in this study. 

 

The Gendall et al. (2006) paper established there is a difference on how the framing effect is 

perceived in different product categories. The framing effect on discount savings low-priced items 

such as groceries had little effect when presented in terms of dollars, but increased when the 

savings were presented in percentages. Whereas, the opposite holds true for high-priced items 

like computer and stereotypes.  

 

Fragrances does not fall into two proposed price categories, and whether the result would have 

been different if the framing would have been presented percentagewise as opposed to DKK is 

unknown. However, the issue with that solution would be, that it would increase the participants 

cognitive demand which could have affected the pupil dilation even more and could have 

influenced the results. 

 

Another potential explaining to the, is that the price difference of 701 DKK (199 vs 900 DKK) is just 

not significant enough for the participants to be affected. If the price framing would have been 

more significant like for example: 100 ml for 699 DKK vs 100 ml 3.000 DKK, which is a price range 

that is common in stores (Crime-passionnel, n.d. & Magasin, n.d.), then perhaps a statistically 

significant emotional response may have had happened. 
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Cuestra et al. (2020) found that by far the most important factor when purchasing a fragrance was 

the scent itself with over 70% of the participant answering that was the most important factor, 

whereas, the price was the second most important with 15% of the participants answering that. It 

may indicate that the price may not be a very important factor when making a purchase decision 

on a fragrance. One could criticize the findings by claiming it is only the report of one scientific 

paper, however, that study included 5980 participants, and hence forth, one could maybe argue 

that the framing effect on price may be less in the product category of fragrances. 

 

Discussion of correlation analysis 

 

The correlation between the pupil increase and likening for the cheap fragrance was -0.0087, 

which is a value not low enough to suggest that there is a negative correlation between the two 

variables, whereas, for the expensive fragrance it is r = 0.0056, which suggest a more slightly 

positive correlation, but just like with the cheap scents, it is not strong enough to indicate a 

correlation. 

 

The researcher concludes that either the price differential between a cheap or expensive 

fragrance was not large enough, or the price is not such an important factor that it would arouse 

or influence the subjects enough. 

 

9.1.3 Discussion of H3 

 

The third hypothesis was based on the fact that odorants have different temperatures on them, 

where the fresh fragrance is an example of a scent with cooling temperature with this refreshing 

bergamot; the opposite holds true for the spicy scent that contains spices like cinnamon and 

ginger. The two scents are also opposites on the fragrance wheel, so it should not come across as 

a surprise if they generate different emotional responses. Nonetheless, whether those responses 

would be statistically significant difference was unsure. 
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The result showed a positive correlation between the scent category and pupil dilation. Further 

analysis showed that the fresh scents were the more arousing scents, also visually shown in the 

box chart. 

 

An explanation of that result could be that bergamot is a citrus, and citruses are being viewed as 

summer fruits, as mentioned earlier. The aroma of citrus may have been more arousing because 

of the hot temperature during the month of July, which is when the experiment was conducted. 

Another possible explanation is that the association of citrus during the summer months is 

something that could be deeply stored in the memory of the human brain because it has been 

viewed as a summer fruit that is often consumed during the months. And the odor of citrus during 

the summer months may trigger some memories stored within the amygdala, which is where the 

memories that are emotionally arousing are stored. (Lee at al., 2015). This also goes in hand with 

the scientist A.K Pradeep (2010) mentioned that scents could transport the consumer mentally to 

another time or to a place where the scent comes from. 

 

However, a counter-argument could be made, that due to the smell of spices being surprising to 

encounter during the time of the year. It should perhaps generate a more arousing response 

because a physiological response like surprise will dilate the pupil. However, the data found no 

evidence of that. Furthermore, the issue with that argument is that a “surprise effect” is 

neutralized because the participants are prior to being exposed to those stimuli, informed about 

the scent profile, and consequently, the researcher would argue that the effect of association and 

memories humans have about the odor of citrus during the hot months, is what potentially could 

have caused a statistically significant arousing effect. 

 

Based on the fact that emotionally arousing stimuli create stronger memories, one could argue 

that if the participants were asked if they remember any scents or even anything from that day, 

the experiment would likely be on top of their minds. As the Rockefeller study revealed, humans 

remember what they smelled much more than what they saw, and the science would suggest, 

they would remember the arousing fresh scents more than the spicy ones. 
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The finding of this hypothesis is vastly interesting, and the possibilities to conduct further studies 

on this topic will be dealt with in the implications for business and studies part. 

 

9.1.4 Discussion of H4 

 

As Seo et al. (2009) reported, the odor of cinnamon is reported as more pleasant and familiar 

during the Christmas season. This makes sense because cinnamon has become associated with 

Christmas and given the fact that bergamot is a citrus lime. It is the assumption of the researcher 

that the refreshing citrus lime scent is naturally associated with summer. Consequently, the fresh 

fragrance should be more preferred than its spicy counterpart. 

 

However, fresh scents were found to be more emotionally arousing; it did not spill over to the 

evaluation of the scent. Admittedly, this finding was a slight surprise for the researcher because of 

the same arguments presented in the discussion of the third hypothesis, as well as the findings of 

the Seo et al. (2009) paper and the Bosmans (2006) study, which found that congruent scents are 

being viewed more positively. 

 

If people prefer spicy scents during the winter months, one could wonder if the same effect would 

spill over into summer, where more people would prefer a refreshing citrus scent. 

 

Discussion of correlation analysis 

 

The correlation between the pupil increase and likening for the cheap fragrances was r = -0.0191, 

which is a value not low enough to suggest that there is a negative correlation between the two 

variables, whereas, for the spicy fragrance it is r = 0.0210. 

 

Interestingly, just like with the cheap scents, it seems that the more aroused the participants got 

from the fresh scents, the less they liked it, however, the value is not low enough to indicate a 

significant correlation based on the fresh scent, where the spicy scent generated a slightly more 

positive correlation between the pupil dilation and likening. 



 75 

 

However, the values are too insignificant to suggest any correlation. 

 

 

9.1.5 Discussion of H5 

 

It is the scientific consensus, that women have better sense of smell, and the argument from the 

researcher is that, because of their increased sense of smell, they are less likely to fall prey to 

effect of price framing and should show no statistically different arousal levels. The researcher 

presented the hypothesis as there would be no significant differences between the two genders. 

 

Although, one could argue, that perhaps hypothesis could have been reformulated to as: “males 

will be emotionally aroused by the framing effect of price.”, the p-value would have rejected that 

analysis, and as the box chart showed, that males were more aroused by the cheaper scents than 

expensive scents. 

 

This investigation showed that neither men or women become significant emotionally aroused by 

the price level of a fragrance. 

 

 

9.1.6 Discussion of H6 

 

There is some literature on framing effect experiments on price, where women have shown to be 

more influenced by the framing on price, like in the Almberg & Dreber (2011) text. However, this 

was done in the context of wines. This is not an experiment on purchasing decisions but more 

simply to determine the effect of the framing of price on the emotional response and the 

evaluation of a fragrance itself. 
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Ultimately, the researcher has simply not seen enough evidence to suggest a hypothesis where 

women are likelier than men to be influenced by the price. As a result of that, the sixth hypothesis 

is presented as a null hypothesis like its predecessor. 

 

The sixth hypothesis confirmed no difference between the genders on the likening of fragrance 

that is framed differently in terms of price. This finding is also consistent with the findings of the 

Cuestra et al. (2020) paper, where both 15% of men and women equally rated price as the most 

important factor in purchasing a scent. 

 

 

Discussion of correlation analysis 

 

The correlation value was r = 0.0830 for the males, whereas, for the females it was r = 0.0189. 

 

The positive correlation for the males is of slightly more significant interest, as spotted seen on the 

line and on the scatter plots, even though that is still a weak relationship and like the previous 

correlation analyses not strong enough to conclude a correlation.  

 

 

9.1.7 Discussion of H7 

 

This last proposed hypothesis is a round-up hypothesis between the two dependent variables to 

see whether there is an overall correlation between an emotional response and the subjective 

evaluation of the fragrance. The hypothesis was proposed due to the lack of scientific consensus 

on whether a positive or negative emotional stimulus generates the most significant pupillary 

response. 

 

The Pearson correlation analysis (r) confirmed that assumption (r = 0.0033). Whereas prior studies 

may suggest that negative stimuli dilated the pupil more than positive stimuli, this paper found no 

statistically significant correlation between emotional arousal and the likening of a scent. 
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This is also confirmed by the other correlation analyses, where not a single of the values met the 

acceptable threshold to be considered meaningful.  

 

 

9.2 Discussion of methodology and data analysis 

 

9.2.1 Discussion of Methodology  

 

As mentioned earlier, the lack of framing effect may be because the price differential was simply 

too low. Admittedly, the study could have been more interesting and relevant if the framing effect 

proposed in the second hypothesis was used: 100 ml for 699 DKK vs. 100 ml 3.000 DKK because of 

the increased differential. Admittedly, this is something that the researcher would have liked to 

have done instead of the current framing. The suggested framing is perfect because it is realistic, 

and that is very important. An unrealistic too high of a price would simply not seem very 

trustworthy in the eyes of the subjects.  

 

Even though the pupilometer may be an excellent and well-established tool for measuring 

emotional activity, it cannot give us an objective explanation of why some get more aroused, and 

others do not. This is an advantage that the fMRI has above a biometric tool like an eye tracker, 

and consequently, an fMRI may be a superior device as a neuroscientific tool to test the framing 

effect.  

 

One of the perhaps best-known neuromarketing and framing effect studies was the McClure et al. 

(2004) which proved that different framing of similar soft-drinks in Pepsi and Cola activated 

different parts of the brain; however, it is worth noting that this was an example of brand framing 

and not price framing. 
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Simply put, an fMRI scanner can measure the emotional response to a smell, and additionally, it 

can offer an answer to perhaps why the subjects are not influenced by the framing, as mentioned 

in the Gao et al. (2017) paper. 

 

A biometric device that is also very often used in measuring emotional response is the galvanic 

skin response (GSR). It measures the autonomous nervous system's response, which is 

uncontrollable. It works by attaching electrodes to the skin of the participant and that is 

connected to a galvanometer, which measures sweat of the skin, and henceforth, emotional 

arousal. However, the sensitivity to movement, and given that people would have to move their 

hand to smell the perfume, the electrodes would have to be placed in an alternative spot such as 

the foot or the shoulder. If it is placed on the latter, it can be hard to decipher whether the 

changes are due to emotional arousal or simply thermoregulation. Specially, considering the very 

hot temperatures of this summer.  

Furthermore, there is a 3-5 second latency from the stimulus to the GSR that can measure the 

arousal response, and for this particular experiment, an immediate recording would be preferred 

since the emotional response happens as soon as they start smelling it (Harris et al., 2018). 

 

Electromyography (EMG) measures muscle activation through electrodes placed on the muscle. It 

is also a toolkit used to detect emotional stimuli because it is good at capturing subtle reactions to 

low-involved stimuli. Because smell is a highly emotional stimulus, it would not be the right 

approach for this study (ibid). However, it would also have limited the movement of the 

participants' movement by a lot. 

 

ECGs measure heart rate and electoral wave potential detected by the two electrodes that are 

placed on either side of the heart. The tool measures arousal, approach, and withdrawal 

responses. However, just like the GSR it suffers from a longer response time, and it is challenging 

to eliminate external influences. 

 

Based on those shortcomings, there is no doubt that pupillometry is the best biometric device to 

use in a framing effect experiment. 
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Furthermore, the Seo et al. (2019) paper mentioned several times in the paper was a great 

addition to this thesis. However, it does have a weakness that potentially influenced the findings. 

They made sure to test the odors during the Christmas and summer seasons. However, they also 

wanted to induce a Christmas-associated atmosphere, so the room was decorated with Christmas 

ornaments. The experimenter was wearing a Santa Claus hat, whereas, for the summer 

experiments, the experimenters wore t-shirts and pants with short pants legs. The critical problem 

with this approach is that they fail to recognize the effect the framing has on perception.  

It is possible that the Christmas attire that the experimenter was wearing influenced the 

participants enough to consider the odor of cinnamon to be more pleasant during the winter, 

because of the emotional memories stored from childhood when seeing Santa Claus. This comes 

across as the researchers having some sort of researcher bias. 

 

It is the opinion of the researcher, by dressing up a certain way, the internal validity of their 

findings was decreased, even though, it is possible that the researchers could have attained the 

same results without having to dress in a certain way. 

The findings would have been more helpful, if the authors had decided to dress up neutrally, 

because then a more robust argument could have been made for the correlation between odor 

and season. 

 

Nonetheless, the researcher still considers their findings to have significant scientific importance 

and was still used in this thesis. 

 

9.2.2 Discussion of data analysis 

 

The participants had their pupils measured with an empty slide to find their baseline before each 

stimulus. One drawback of this approach is that the baseline will be different all the time, and 

perhaps, one could wonder whether it would have been more useful if an empty slide was used at 

the beginning of the experiment to measure the baseline of the subjects and to use that baseline 

for every stimulus. 
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Whether that would be a more precise solution is unknown to the researcher. However, the 

selected approach was still scientifically valid because the camera could still measure their pupils 

during a more relaxed state, given the emptiness of the slide. 

 

As stated earlier, most framing studies utilize self-report data, and because this thesis uses both 

self-report and experimental data, a correlation analysis was added as well to find a correlation 

between those two types of data. This was similar to what Plassmann et al. (2008) have done with 

their experiment.  

 

9.3 Scientific inquiry  

 

Positivist researchers uses the ´canons of scientific´ inquiry of reliability, and validity to assess the 

quality of the research. 

 

9.3.1 Reliability 

 

Reliability is defined as whether the data collection techniques and the analytic procedures would 

create consistent findings if they were to repeat on another occasion or if they were repeated by 

another researcher (Saunders et al., 2012). A threat to reliability is participant error, which is a 

factor that may adversely change the way a participant performs in the experiment. As a way to 

combat that threat, a criterion for participating in the experiment was that people were not 

sensitive to fragrances and had their sense of smell intact.  

 

Before each experiment, the Imotions software had a recalibration round to ensure the 

participants were set for the experiment. However, despite that, it proved to be challenging for 

some to look in the camera and sit still as possible. As a consequence of that, two 

female participants were excluded due to poor pupil calibrations.  
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9.3.2 Validity 

 

The term “validity” is defined as the measurement for evaluating the legitimacy or trustworthiness 

of the results (Pruzan, 2016). It is whether the findings of the study reflect the reality of a 

situation. There are two primary forms of validity, and the first one is internal validity, which is 

generated when the research shows a causal relationship between two variables, that is not 

influenced by other factors or variables. (Sanders et al.,2012). The collection of pupil data has seen 

an increase in scientific literature due to its increased accessibility by using eye-tracking cameras. 

However, researchers tend to underestimate the methodological task associated with controlling 

variables that can cause a misinterpretation of the data (Hayes & Petrov, 2016). The reason for 

this serious challenge is that the pupil is very sensitive, in that sense, that the size of it changes 

very fast and quickly due to many different factors. The pupil dilates for reasons such as 

luminance, cognitive difficulty, arousal, pain, and working memory load (Meißner & Oll, 2019). As 

a result, the experiment took place in an artificially controlled laboratory environment in Senselab, 

which made it possible to control the setting of the research and external variables that could 

easily have manipulated the size of the pupil. This is very important because conducting the 

pupillometry study in a controlled laboratory setting gives the highest internal validity possible, 

which ensures scientific reliability.  

 

Having defined internal validity and why it is particularly important in this context, the researcher 

will now discuss what specific measures are taken to ensure internal validity. 

 

The color of the slides in the experiment was selected to be gray because a white screen would 

make the pupil dilate more due to the luminance, whereas black would create the opposite effect. 

The gray was selected as the background color of the slides, because it serves a “middle-ground,” 

and a color that would have the minor influence of the size of the pupil.  

 

As mentioned in the data analysis part, the data needed to be collected is the increase in the pupil 

size of the participants. It is very crucial to get the measurements for the baseline sizes; the three-

second empty screen slide serves as a pre-stimulus slide, whereas the max pupil size in the three-
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second interval will be the baseline for the participant’s pupil. The reason for using the empty slide 

is that cognitive demand increases pupil size. Henceforth, it is vital to ensure that the participants 

are as relaxed as possible during those three seconds to get their true baseline size. If the baseline 

size is not captured, then the results would not be possible to analyze the data and provide an 

answer to the hypotheses. 

 

This is also why during the response or stimuli phase, where the participant had to smell the 

fragrance, a simple “X” was added as a fixation point because it is a framing experiment based on 

odor and not anything else. Adding a picture or something else would potentially affect the pupil 

size, which would make it impossible to argue that the change in pupil size was based on the odor 

itself.  

 

Furthermore, the addition of a fixation point was crucial for a particular reason, pupil 

foreshortening error (PFE). It occurs when changes in gaze position create foreshortening of the 

pupillary image because the camera is fixed, whereas the eye rotates away from the camera, and 

as a result of that, the pupil image becomes elliptical and decreases in the area by up to 10%. 

Initially, this may not sound a lot. However, given that the effects of cognitive tasks rarely increase 

the pupil size by more than 5%, it can have a crucial impact on the dataset, which ultimately could 

lead the data and the conclusion to be invalid (Hayes & Petrov, 2016). However, it is not 

something controlled for in eye-tracking systems such as Tobii and experimental design in other 

studies. There are two methods to avoid PFE, and the most traditional approach is to have the 

participant maintain a constant fixation throughout the trial. This has been done with the stimuli 

slide with the “X,” which gave the participants something to keep their gaze fixated on while they 

were smelling and gave a pupillary response. 

 

As mentioned earlier, there were two placebo rounds with “mild fragrances.” A first and cheap 

round was introduced as the first stimuli that the participant had to go through. The reason for 

that placement was to get the participants accustomed to the routine in the experiment so that 

they were well-prepared before getting exposed to the actual scents. Additionally, a second-round 

placebo stimulus was added in the middle of all the experiments. The expensive and second 
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placebo was there because the two other scent categories had both a cheap and expensive round. 

It was necessary to add both price points for the placebo rounds to have consistency and 

trustworthiness. In a situation where one of them is not part of the experiment, the participants 

might suspect that this study is deceitful, and ultimately, they would have to be excluded. 

 

Another potential threat to the internal validity was when participants were exposed to their 

second fresh or spicy fragrance; they sometimes would comment that it smelled very similar to 

the previous, or even ask if it were the same fragrance, where I had to tell them, that they were 

smelling different fragrances. It was necessary to lie in this instance due to the experimenter 

demand effect, where participants may be influenced about potential clues about the hypothesis 

and research objectives, and henceforth, bias the answers in a manner that would help confirm a 

researcher’s hypothesis (Mummolo & Peterson, 2019).  

Due to the potential order effect, which is the order of conditions affecting the participant’s 

behavior, it was necessary to randomize the order of the assigned smells because it eliminates any 

possible biases that may occur in the experiment. The order of the fragrances was randomized 

through the shuffle bottom in the Imotions program before each experiment, which improved the 

internal validity. 

 

The other form of validity is external validity, which refers to the extent to which the outcome of a 

study can be applied and generalized to other settings. Simply put, it is about the generalizability 

of the findings, whether they would apply to other participants, settings, situations, and time.  

A step that was taken to improve external validity was to add the information about where the 

fragrances were being sold, and it was included to generate an element of psychological realism, 

which would make the framing a price more trustworthy.  

 

When discussing the two types of validity, it is important to note that if one type of validity is solid, 

it often comes at the expense of the other validity. It is the type of research and study that 

determines which validity should be prioritized higher, and due to the fact that, this is a controlled 

laboratory experiment that wants to establish a causal relationship between the framing of price 
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and emotional arousal, the experiment between those two variables must not be influenced by 

outside noise. 

9.3.3 Limitations 

 

Undoubtedly, the downside of the artificially controlled setup is that it offers very little external 

validity. Experiments conducted in the field offer much more realism in the setup and are better 

suited in real-world experiences, where consumers are bombarded with different stimuli 

(Saunders et al., 2012).  

That would also influence the size of the pupil. Henceforth, in the context of solely studying the 

framing effect on the size of the pupils in relation to odor stimuli, the controlled laboratory 

experiment is the right setup for answering the hypothesis. Additionally, the data will be of higher 

quality because of cutting out the external noise. Another step that was taken to increase the 

external validity was setting up criteria for the participants to participate, so there is a clear-cut 

definition of the population the research will target. 

One external factor that could alter the answers is the fact that the sense of smell is sensitive to 

temperature (Green, 1993). The humidity and temperature affect odor because they increase 

molecular volatility. Simply put, the spiciness and sweetness of a fragrance will be much more 

enhanced during the summer than in the winter. As expected in the middle of summer, the 

temperature in July was very hot, which could have a big impact on the results. It is also 

scientifically accepted that there are indeed odor-temperature associations.  

A case could be made that the cool and refreshing Bergamusk would potentially be seen as the 

more natural fragrance in this experiment due to its cooling scent profile. That could potentially 

alter the arousal effect and the likening of the two fragrances. Ultimately, this could mean that if 

the experiment was repeated with the same participants, both the arousal levels and the likening 

could have been different from the ones conducted in the month of July.  

As a way of combatting the effect of the humidity, the researcher made sure to have the windows 

open during the experiment, so the room would cool off a bit. 

Another limitation is that cultural differences also influence odor perception and odor 

categorization, so if the experiment would be replicated in another culture, the result would 

perhaps also have differed. (Chrea et al., 2004). 
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Additionally, this experiment only manages to recruit 23 participants, whereas usually, 

neuroscientific experiments want to aim for 30 participants. However, due to corona restrictions, 

that became very difficult, and consequently, the researcher had had to settle for 23 participants. 

A small sample size can lead to less accurate or representative results, but recruitment was extra 

challenging during summer due to the restrictions. 

10 Conclusion 

 

This research aimed to identify whether there was a correlation between the price of a fragrance 

and emotional arousal. The quantitative analysis conducted found that there is no emotional 

response to framing effect based on the price level, and that result was likewise when the subjects 

had to evaluate the likening of the scent itself.  

By analyzing the changes in pupil size of the participants, and their responses to the scents, this 

thesis has found objective and subjective evidence of no framing effect existing in the context of 

fragrances.  

When evaluating a scent, whether that is due to the price differential not being significant enough 

or the price simply not being such an important factor is still very much unknown. 

To ensure that the pupil dilation was because of the scent of the fragrance, the experiment had to 

be conducted in a controlled laboratory setting to eliminate all other external factors. 

Previous studies that have dealt with the framing effect of pricing on consumption goods have 

mostly focused on things like groceries and wine. However, to the knowledge of the researcher, 

no framing effect experiments has been conducted within the context of in the context of beauty 

products. No framing effect studies have been found on the subject of fragrances. 

This is a scientific gap in the literature of framing effect, consumer neuroscience, and on the topic 

of fragrances and odors, and this thesis bridges the gap between those subjects. 

 

The price-quality heuristic (P-Q) have been proven, however, this heuristic does not translate to 

every product category as discussed previously, and that does seem to be the case with 

fragrances. 
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While no emotional arousal was found in the category of price, the findings suggest that ascent 

with a refreshing scent profile seems to arouse humans more than the scent of a spicy profile. 

Whereas no previous research was found on how citrus scents stimulate and are being viewed 

during that time of the year, it may be possible that a scent of citrus is more arousing because of 

the fruit’s association with the season of summer within the emotional memories of the subjects. 

However, whether that is the actual case or not is still unknown at this point and could serve as an 

inspiration for future research. 

 

Although, women possess a superior sense of smell, the data does not seem to indicate they were 

significantly better at filtering through the framing effect than their male counterparts. 

The correlation analyses based on the different hypotheses gave some weak correlation values, 

and consequently, the results cannot be interpreted with significant confidence. 

 

For the last hypothesis, the researcher wanted to investigate whether the likening and pupil 

dilation overall influence each other. However, the data does not show that, and consequently, 

this thesis still leaves this question unanswered, whether high levels of arousal relate or pupil 

dilation is linked to more negatively or positively driven experiences. 

Admittedly, this is a topic that has been researched in the past and still will be researched for 

many years to come. 

 

A challenge to this thesis was the recruitment process. Due to restrictions being put on the 

university. Nonetheless, 23 participants were successfully recruited, and even though a larger 

sample size would hypothetically have led to more representative results, 23 participants was still 

enough to get accurate answers to the hypotheses. 

 

To conclude this segment, this thesis was the first trying scientific paper trying to establish a link 

between emotional arousal and a framing effect on price based on fragrances.  

There are many opportunities to dwell further into the subject, as it is a neglected topic, and some 

suggestions will be offered in the next and last chapter of this paper. 
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11 Implications for business and research 

 

This last chapter of this thesis will dwell on what the author will come with suggestions for future 

fields of research based on the findings of this paper. Afterward, there will be suggestions for 

businesses on approaching scent marketing based on the results. 

 

11.1 Implications for future research 

 

Increasing the price differential 

This study was unable to find evidence of a framing effect that exists using both subjective self-

report data and objective experimental data. As previously stated, the finding may suggest that 

the price differential was not big enough for a framing effect to take place. A price differential 

could be the one that has been suggested (100 ml for 699 DKK vs. 100 ml 3.000 DKK). Overall, 

future research is needed to investigate how subjects respond if the price differential is more 

significant. 

 

Experts vs non-experts 

As mentioned in the framing effect section, experts are less prone to influence choices and tend to 

rely more on their expertise. A suggestion for a future study on the topic would isolate “experts” 

within fragrances and “non-experts” to see whether the framing more influences non-experts. The 

literature would seem to suggest they would (Toet et al., 2016). However, an issue with that is 

that the researcher would have to define what an expert within fragrances is clearly, and given the 

fact that there are no objective criteria, this may be a challenge to define that. 

 

fMRI study 

Through the fMRI scanner, Plassmann et al. (2008) were able to objectively measure the 

participants' emotional response when tasting wines at different price points. It would be 

desirable to replicate the study using an fMRI scanner to get a deeper brain activity measurement 

due to the high spatial resolution. Nonetheless, conducting an fMRI scanner is very expensive, and 

the scanner is noisy, and due to the persons having to lay down, it offers unrealistic answers in a 
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marketing context. However, it is a tool that has been used for measuring emotional responses 

since its introduction. 

 

Odor – Temperature association 

The experiment was conducted in the month of July, which is at the peak of the summer. The 

fresh scent was proven to be more arousing, and a possible explanation could be the effect the 

temperature has on the odor and the association of the odor of citruses during the summer. A 

suggestion would be to conduct the experiment both during the summer and winter months to 

see how the answers would diverge from each other. 

 

11.2 Implications for business 

 

Framing effect of price 

The two hypotheses were rejected, and henceforth, it makes no sense for businesses to utilize 

price as a marker for quality. This also correlates with the findings of Cuestra et al. (2020) paper; 

people do not seem to see price as particularly important compared to the importance of the 

scent when making a purchasing decision. If a human likes a scent, they will like it regardless of 

the level of the price. Based on those findings, the researcher cannot recommend businesses to 

convince the consumers’ that their fragrances are superior and base that on the pricing level. 

 

Arousal and memory 

Although, the price level did not affect the arousal or the likening of a fragrance, the finding of the 

third hypothesis did show that a fresh scent profile will arouse consumers during the summer 

months. However, that did not translate into the likening, so one could speculate whether that is 

even important for businesses to take into consideration. The simple answer is yes; arousal is 

important. 

Events that are emotionally arousing are also stronger memories. This is an opportunity for the 

companies to use scent marketing to arouse their consumer and ultimately generate a “top-of-

mind awareness” effect on the customer.  
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However, they should choose the scent very carefully because that is what they will be 

remembered for. Here is an example: if a business utilizes the odor of nutmeg in their store, then 

the customer will always associate the store with a nutmeg. Furthermore, if a person previously 

encountered a nutmeg in a negative emotional context, that will influence their liking and overall 

perception of the store. This is why scent marketing is so challenging to practice successfully 

because it is hazardous: An odor can either make or break the customer’s emotional attachment 

to the brand, and that is because experiencing a highly emotional stimulus often overrides 

everything else in that same context, as if people tend to forget anything right before or after, but 

only the relevant information and the context of when the scent was encountered (Lee et al., 

2015). 

 

Less is more 

This may be a cliché, but it holds true in the context of scent marketing. Up to 20% of the 

American population either have sensitivities or is allergic to fragrances, and as Lin et al. (2018) 

and Bosmans (2006) reported, increasing the saliency of the smell does increase anxiety. 

Consequently, the consumers could associate the business with anxiety and not its products due 

to the intensity of the memory. On top of that, easier and simpler scents are more easily 

processed, and thus leading to increased spending (Hermann et al., 2013). Based on those factors, 

the researcher can only recommend that a business use scent marketing with great care. 

 

Scent congruity 

The bergamot scent was not significantly more liked in the warm month of July, which may come 

across as a contradiction against the literature on congruent scents. However, the researcher 

clearly suggests that stores should choose a scent that is congruent with their products. 
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Appendix 1: Two-dimensional model by Russell1 
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Appendix 2: Number of scholarly publications on emotions2. 
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