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Executive-Summary-

Businesses have always been focused on understanding their customers in order to 

market their products to their consumers in the best way. Traditionally, the method of 

asking consumers about their preferences has been accepted as a means to 

understanding the consumer. This is especially due to neoclassical economic theory, 

which is built upon the premise that all consumers are rational. However, the newly 

emerging field of neuromarketing has come to show that individuals are not as 

rational as previously assumed. Rather, their choice making can be affected by many 

different factors. Cognitive neuroscience has determined that emotions play a major 

role in the underlying processes of decision-making, which is a major contrast to the 

traditional notion of a rational consumer.  

Consumer decision-making processes are evaluated through several studies 

with contrasting perspectives about the source of the process. Although these studies 

have different perspectives, these studies agree that by measuring the relative 

difference between prefrontal cortex activities, it is possible to determine ‘approach or 

avoidance’ motivation. This motivation can be translated into purchase behavior, in 

which stronger approach motivation indicates a decision to purchase.  

This thesis discusses my study, which employed the use of mobile eye 

tracking and mobile EEG for an in-store study to measure if motivation can be used as 

a predictor for product choice. The results confirm that motivation is a significant 

indicator for subsequent choice. The results also explicate that the amount of time a 

participant spends looking at a product and the amount of fixations the participant has 

significantly affects purchase behavior.  

Through this thesis’ research methodology, businesses will have the 

opportunity to test the actual effects of their products on their potential consumers; 

namely, if their product captures the consumer’s attention, leading customers to 

purchase it. This research can be used by businesses to discover the effects of store 

setup, or by product manufacturers to get unconscious, and therefore unbiased, 

information from potential customers. Ultimately, this research can help create 

products that capture consumers’ attention better, thereby increasing the companies’ 

awareness.  
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1 Introduction-to-Neuromarketing-

Every day, we face an abundance of decisions, both major and minor - from adding 

sugar to our morning coffee, to contemplating when we should change our careers. 

But why do we actually choose what we do? Neoclassical economics assumes that 

people are rational, weighing the pros and cons of every choice before making a 

decision. However, with the sheer amount of choices that must be made, it is not 

possible to do such an analysis for every decision. Luckily for us, the brain 

unconsciously records our previous decisions, using these past choices to easily make 

future judgments. This unconscious decision process can be analyzed in the up and 

coming technology of neuromarketing, which can be especially useful when 

analyzing consumer choices. 

 As consumers, we are irrational, making decisions based on very little 

information. Typically, we are not conscious about the factors that influence our 

choices, and are easily affected and misguided by information. This leaves marketers 

and economists alike with many theories predicting rational consumer behavior, 

rather than actual behavior. Insight into actual consumer behavior is valuable 

information for businesses, allowing them to improve sales through their positioning 

in the market. Since the majority of consumer decisions are made unconsciously, 

traditional methods of focus groups, surveys and interviews about consumer 

preferences and decision-making only result in understanding the conscious decisions 

of the individual, rather than the unconscious, where the decisions actually occur. 

This is where neuromarketing can play a huge role in the success of marketing 

towards consumers. 

Through understanding the limitations of current methods and assumptions, 

marketers and economists alike have started to understand how neuroscience can help 

businesses improve their positioning in the market. Neuromarketing is a combination 

of three existing fields: marketing, psychology, and neuroscience. By combining 

knowledge and techniques from psychology and neuroscience with marketing 

activity, neuromarketing can be defined (Genco, Introduction, 2013). 

The improvement of equipment has given researchers the opportunity to 

measure the brain’s response to different stimuli in a more precise manner than 

previously employed. Different methods can be used to provide valuable information 
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about responses to stimuli – from eye tracking, which allows researchers to measure 

the cognitive and emotional reactions through the visual metrics, such as pupil 

dilation and time for first fixation, to electroencephalograph (EEG), which can 

calculate motivation, cognitive workload and emotional engagement in efforts to 

understand the individual’s state of mind. Though today’s science does not yet allow 

us to understand the full capabilities of the human brain, neuromarketing can provide 

researchers with a more thorough indication of how the brain works, allowing for a 

better understanding of the human brain (Baars, Mind and Brain, 2007) (Kandel, 

Schwartz, & Jessell). 

Neuroscience, behavioral science, and social psychology have shown that 

consumers are not rational and will not react as consistently as past economic models 

predict. As such, neuromarketing can be a valuable method for companies to 

understand their consumers. Through testing consumers’ reaction to different stimuli, 

researchers are able to predict consumer behavior, thereby improving marketing 

opportunities for companies. Psychologist and Nobel Prize winner in Economics in 

2002, Daniel Kahnemann, demonstrated the irrationality of consumers through what 

is defined as Prospect Theory. Prospect theory argues that consumers imagine the 

impact of losses as greater than the value of their gains. Kahnemann’s work 

demonstrates just how immense the impact of psychology has been in today’s 

economics (Genco, Introduction, 2013) (Kahnemann & Tversky, Prospect Theory: An 

Analysis of Decision under Risk, 1979).  

Neuromarketing makes it possible to explore the consumer’s decision-making 

process, allowing researchers to better understand why the consumer makes the 

decision, which in turn can help improve product sales. Current research about 

decision-making has shown that Prefrontal Cortex Asymmetry can be used to predict 

approach-or-avoidance motivation, which can be further translated into purchase 

decision-making.  

Although current research has not (as of May, 2014) conducted a mobile study 

that shows the same findings as the research conducted by myself, there have been 

many studies conducted in laboratory settings that use motivation as a predictor for 

purchase decision-making. I aim to fill the gap through the research conducted for this 

thesis, thereby improving knowledge surrounding consumer decision-making.  



Khalid Nassri  Cand.Merc.(mat) 

 

!
Exploring*the*Consumer’s*Mind*

!
! !

9 

1.1 Research-Objective-and-Research-Question-

The research objective of this paper is to develop a better understanding regarding the 

unconscious drivers of choice, and develop new ways to research the consumer. The 

aim of this paper is to improve the knowledge and understanding regarding consumer 

choice, with the ultimate end goal of helping future neuromarketers to make informed 

decisions and advance the understanding of the human psyche.  

Companies all around the world have begun opening their eyes to the 

possibilities of neuromarketing as a prediction of their consumer’s behavior and 

decision-making. While neuromarketing has been analyzed before, with current 

technology, it is now more possible to understand the human brain.  

Neuromarketing has a wide breath of branches that researchers can bring to 

the field; one example might be discovering the effect the scent of a product has on 

the consumer’s purchase decision. With recent technology, it has become possible to 

really understand the human brain and dive into the unconscious parts of the brain 

that were previously difficult to examine through traditional marketing methods.  

In this thesis, I will go through one of the various branches in neuromarketing. 

Accordingly, the research question is formulated as follows:  

*

The aim of the project is to examine the unconscious aspects of the 
decision-making process when consumers decide to purchase a product. 
By using mobile EEG, mobile eye tracking, and computational 
neuroscience, is it possible to predict purchase prior to subjective 
experiences of decision-making? To what extent can such information be 
used in the development of communication strategies and in corporate 
marketing strategy? 

!

As there are many ways to solve this problem, I will focus on consumer decision-

making in neuromarketing, challenging the common neoclassical way of 

understanding how consumers make decisions about purchasing in-store through my 

research in consumer decision-making. By combining theory about visual attention 

with the intention of buying, I will conduct experiments that will highlight how the 

commercial business can benefit from my thesis’�research. Through conducting tests 

with mobile EEG, mobile eye tracking, behavioral studies, and statistical models, I 

aim to solve my research question. 
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1.2 Delimitation-

In order to maintain a central focus of the paper, certain delimitations in regards to 

theory, methods, and data are necessary in order to ensure that the objectives of the 

thesis are time realizable. The purpose of this delimitation is to clarify the scope of 

the paper through limiting the subject field and concepts from factors that are 

considered to be beyond the scope of this paper or simply irrelevant to the goal of the 

study.  

It is not the aim of this thesis to investigate the origins of the motivational 

system, but rather to investigate whether studying the motivational system makes it 

feasible to understand consumer purchase behavior. This thesis will focus on two 

products in a hardware store and investigate the different motivations that occur when 

analyzing consumer choice. Therefore, the purpose of this study is not to investigate 

other products and see if the same reaction from the participants would occur.  

The literature defining neuromarketing is abundant in count and perceptions. 

In this paper, neuromarketing is defined as a method that employs neuroscience to 

understand the psychological and psycho-physiological aspects of human behavior. 

As neuromarketing is a vast and broad field, the scope of theories used has been 

limited to those pertaining decision-making, attention, conscious versus unconscious 

decisions, and the cognitive physiological factors (Baars, Mind and Brain, 2007) 

(Genco, Introduction, 2013).  

 There is a wide range of equipment and techniques available to solve diverse 

problems in neuromarketing. In this thesis, the methods are limited to mobile eye 

tracking and mobile EEG, which work to track the cognitive, physiological reactions 

and attention of the participants. Other methods such as Galvanic Skin Response 

(GSR), heart rate monitors, or more advanced EEG which measures brain activity 

with further spatial precision and frequency that could be considered for further 

research to test and verify the results presented by this thesis and provide 

supplementation based on the additional findings. 

1.3 Reader’s-Guide-

The following section will present the reader with the methodical and structural 

configuration of this thesis, thereby functioning as the reader’s guideline. The 

structure of the thesis is presented in figure 1-1. 
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Figure 1-1 

1.3.1 Introduction-

The introduction section presents an overall description of the problem area that 

outline the research question. It gives a brief explanation of neuromarketing and the 

tools used to conduct the research. The primary methodological considerations are 

defined along with the applied philosophy and principles of the research. 

Furthermore, the neuromarketing approaches and theories are delimited to allow an 

in-depth analysis of the specific problem at hand. Concepts used throughout this 

thesis, “consciousness and unconsciousness”� and “approach and avoidance 

motivation”, will be introduced and clarified to the reader. 

1.3.2 Theoretical-Review-

The theoretical review consists of five different sections designed to give the reader 

the knowledge base to understand this thesis. The first section, entitled cognitive 

neuroscience, introduces the physiological definitions of the brain and the different 

functions associated with the various parts. The consumer behavior perspective 

section will then discuss the neoclassical economic way of looking at a consumer and 

introduce the theories of Kahnemann and Tversky, both of whom argue that 

individuals are not rationale. Following this, the decision-making process section 

depicts how consumers make decisions and defines the prefrontal asymmetry as a 

metric for motivation. In the attention section, there will be a discussion of how visual 

attention works. What neuromarketing brings to the table states current tools used in 

neuromarketing, supplying a thorough description of the tools used in this thesis, such 
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as EEG and eye tracking. Afterwards, the whole review will be summarized in the 

section entitled mixing the theories together. 

1.3.3 Research-Design-and-Methodology-

This section presents the hypotheses deducted from the literature review and presents 

the thesis’ study design and methodology with the intention of giving clear 

instructions of the study’s procedure to ensure that the study can be replicated, 

thereby certifying its validity.  

1.3.4 Results-and-Analysis-

This section presents the results found by conducting the study, examining if the 

hypotheses were rejected or if they failed to get rejected based on the results. 

Structurally, this will be divided into smaller subsections for each hypothesis.  

1.3.5 Discussion-

In this segment, the results will be put in relation to the theoretical approaches. The 

discussion will merge the knowledge and results from the study with the current 

business climate and discuss ways in which the study can help improve businesses. 

Moreover, it discusses the methodology chosen for the study based on validity and 

reliability.  

1.3.6 Conclusion-and-Future-Research-

The conclusion will be an overview of the findings in this research and will also 

discuss the next steps of where to go with the findings for future research. 

1.4 Philosophy-of-Science-

The choice of the philosophy of science heavily influences this thesis by defining how 

the problem formulation is solved. At the same time, this choice influences the 

approach and interpretation of the obtained results. 

This paper follows the objectivistic school of thought, whereby the ontological 

assumption on the nature of reality is that it is external to the individuals who inhabit 

it; i.e. the processes being researched represent an objective entity that is constructed 

external to the environment (Bryman & Bell, 2003). 
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“Thoughts without content are empty – Intuitions without concepts are blind.” 

(Kant, 2010) 

 

Natural sciences generally have the positivistic perspective, which states that true 

knowledge of the world is only obtained through applying scientific methods to the 

empirical world. Positivism relies on fixed laws of causation, reductionism and 

neutral observation for its empiricism. True knowledge, positivism argues, can only 

be found in logic reflected in mathematical, statistical and quantitative methods of 

processing data (Thurén, 1998). 

 Since this thesis is rooted in the natural sciences, the research approach chosen 

is grounded in positivistic ontology. Positivistic ontology can be understood as an 

empirical analytical method based on more tangible data that is defined by a clear 

demand of logical objectivity. In order to obtain validation, the research emphasizes 

the importance of structured methodology to replicate the results (Hermansen & 

Tufte, 1997) (Carson, Gilmore, Perry, & Gronhaug, 2001).  

The nature of the relationship between theory and research can either be 

explained by induction or deduction. i.e. inductive; whether theory is an outcome of 

research or deductive; whether theory guides research and provides support for the 

above choices. The hypothetic deductive method is employed for the scientific method 

of empiric utilization. The hypothetic deductive method utilizes induction, which 

obliges the researcher to gather data and observations from existing literature 

pertaining consumer behavior and cognitive neuroscience. Based on empirical 

evidence, hypotheses are made to validate the observations and are subjected to 

testing. The results are then analyzed to see if the hypotheses can be falsified using 

the deduction of consequences. If the hypothesis cannot be falsified, it is called a 

provisory truth, meaning that the hypothesis will be regarded as a truth until it is 

otherwise falsified (Hermansen & Tufte, 1997) (Thurén, 1998).  

 In practice, the hypothetic deductive method is represented in the theoretical 

foundation of consumer behavior and cognitive neuroscience. Based on the induction 

of the literature gathered, theories are formed. These theories are then tested through 

experiments, and results are analyzed, thereby yielding statistical data. This is also 

known as the deductive method. Throughout this process, the examiner is completely 

objective, ensuring that he does not influence or get influenced by the participants in 



Khalid Nassri  Cand.Merc.(mat) 

 

!
Exploring*the*Consumer’s*Mind*

!
! !

14 

the study, which is the underlying practical justification of the positivistic paradigm. 

By following this method, results yielded are unbiased, leading to a reliable gathering 

of information (Thurén, 1998) (Hermansen & Tufte, 1997). 

1.5 Concepts-Definition-

This section seeks to simplify the complexity of the topic and clearly define the 

definition employed in academic literature. The following is an introduction to the 

main concepts applied in this thesis. 

1.5.1 Consciousness-and-Unconsciousness-

There has been some disagreement between scholars about the exact definition of 

consciousness and unconsciousness. Whereas consciousness involves mental tasks, 

which are controlled by an individual, unconsciousness refers to an automatic and 

effortless process outside volitional control. In this thesis, consciousness is defined as 

the ability to be aware of an event and the ability to report it. Unconsciousness is 

defined as processes that take place outside the threshold of awareness. While it only 

takes a few hundred milliseconds for an individual to become consciously aware of an 

event, it only takes a few milliseconds to be unconsciously affected (Baars, Attention 

and Consciousness, 2007) (Dijksterhuis, Aarts, & Smith, 2006).  

1.5.2 Approach-and-Avoidance-Motivation-

Approach motivation is defined as an act of something pleasant, such as moving 

closer to a good smell or eating delicious food. However, approach motivation can 

also occur when an individual is angry about something and takes action to stop what 

they perceive as wrong. Avoidance motivation is defined as an act to avoid something 

unpleasant, for example, a bad smell or rotten food. In the case of anger, individuals 

can feel anger but choose not to take action, meaning they are avoiding something 

unpleasant, thereby activating the avoidance motivation.  

The origin of the motivation of approach and avoidance in the brain has been 

argued between scholars, and will continue to be debated until technology enables 

researchers to get a higher understanding of the functions of the brain. Until then, 

scholars agree that approach and avoidance motivation can be measured by looking at 

the asymmetry of the frontal cortex (Harmon-Jones, Gable, & Peterson, 2009).  
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2 Cognitive-Neuroscience-

The purpose of this section is to provide a basic introduction of relevant regions of the 

human brain, focusing on the areas relevant to investigating decision-making and 

consumer choice. 

2.1 The-Brain-

The human brain is the most complex and fascinating organ in the body. If not for the 

brain, humans would not have the capability for things such as culture and 

technology. It is due to these complexities that the human brain has been the subject 

of many studies, which aim to understand the magnitude of the brain (Brain Pro, 

3D4Medical, 2013) (Baars, The Brain, 2007). 

 The human brain consists 

of two halves that are inter-

connected by a large arch of 

white matter, known as the 

corpus callosum. Scientists have 

divided the brain into different 

regions in order to easier 

comprehend the complex organ. 

Figure 2-1 provides a lateral 

illustration of the brain. The 

occipital lobe (the red area) is the 

visual processing center for the 

brain, while the temporal lobe 

(the yellow area) is involved with processing sensory input, comprehending language, 

emotion, deriving meaning, retention of visual memories and storing new memories. 

The major function of the parietal lobe (the green area) is to mediate attention, though 

it is also involved with long-term memory and somatic sensory perception. The 

frontal lobe (the blue area) is associated with motor output and motor planning. Under 

the temporal, parietal and frontal lobes, the cerebral cortex is located. The cerebral 

cortex contains the Insula (which is not visible in the figure), and is associated with 

Figure 2-1. This is a view of the brain from a lateral view, with 

highlighted regions (Brain Pro, 3D4Medical, 2013). 



Khalid Nassri  Cand.Merc.(mat) 

 

!
Exploring*the*Consumer’s*Mind*

!
! !

16 

diverse functions as emotion and regulation of the body’s homeostasis (Smith K. , 

2007) (Notes, 2007) (Baars, The Brain, 2007). 

2.1.1 The-Prefrontal-Cortex-

The Prefrontal Cortex (PFC) is the part of the frontal lobe that is not associated with 

motor functions. It is located on the medial, lateral and orbital surfaces of the most 

anterior part of the frontal lobe and has been labeled the “origin of civilization”�
(Luriia, 1966). The PFC is associated with activities such as planning, initiation, 

alternating between mental ways of thinking, checking the effectiveness of actions, 

constraining ineffective or self-defeating actions or plans, finding and resolving 

conflicting plans for action, and working memory. The PFC also deals with social 

cognition, verbal expression in language, emotional and personality processing 

(Baars, The Brain, 2007). 

The significance of the PFC function was discovered in an unusual incident 

involving a railroad worker named Phineas Gage in 1848. Gage was preparing a 

roadbed for a railroad company when a premature explosion caused an iron pole to 

penetrate Gage’s skull, impacting his prefrontal cortex. As a result, this affected both 

his judgment and perception of reward; more specifically, Gage was unable to realize 

an act as non-rewarding. While individuals with a normal functioning PFC would be 

able to stop their action if not rewarded, Gage was unable to recognize a non-

rewarding pattern and would continue with the task.  

The incident with Gage was tested using the IOWA Gambling Task, which 

simulates real-life decision-making, in hopes to understand what had been affected 

through Gage’s incident. Through this task, researchers realized that the Nucleus 

Accumbens (NAcc) works with the PFC to regulate between rewarding and non-

rewarding behavior. The NAcc is part of the striatum and it is active when the brain is 

learning (McGovern K. , 2007) (Anderson, Behcara, Damásio, & Damásio, 1994) 

(Millisecond) (Baars, A Framework, 2007) (Moscovitch, Chein, Talmi, & Cohn, 

2007). 

Since the PFC takes up almost a third of the entire area of cortex, it has been 

divided into regions. Most notable are dorsal lateral prefrontal cortex (dlPFC) and 

ventromedial prefrontal cortex (vmPFC). The dlPFC is associated with expected 

value, working memory, and remembered value, while the vmPFC is associated with 

valuation, expected, and experienced value. The vmPFC is strategically positioned so 
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it can be directly connected with the ventral tegmental area (VTA), the amygdala, the 

temporal lobe, the olfactory system, and the dorsomedial thalamus. These regions all 

help the vmPFC perform better (Baars, A Framework, 2007) (Baars, The Brain, 

2007). 

The direct connection between the hippocampus and the PFC helps the PFC 

with decision-making. The hippocampi are located in the temporal lobe and are 

strongly associated with consolidation of information form short-term, long-term 

memory as well as spatial awareness. By recalling the best actions or emotional 

response to specific events, the hippocampus helps the PFC make decisions for future 

events. In the process, the hippocampus continually learns and stores previous 

decisions in memory in order to improve decision-making in the future (Euston, 

Gruber, & McNaughton, 2012). 

 
Figure 2-2. An illustration of the roles of the different brain regions in the decision-making process (Plassmann, 
Ramsøy, & Milosavljevic, 2011). 

 Figure 2-2 illustrates how the brain makes decisions. While being visually 

exposed to a situation, visual information comes through the visual cortex and goes 

two ways. The dorsal stream helps categorize what requires special attention and is 

responsible for “where and how”�attention. Where helps to identify the surroundings 

and how identifies guidance of actions. The ventral stream is responsible for “what”�
one’s attention is directed at and is associated with object recognition and form 

representation (Plassmann, Ramsøy, & Milosavljevic, 2011) (Baars, The Brain, 

2007).  
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2.1.2 Measuring-the-Brain-

Because the brain’s activity is in electrical charges, there are a variety of ways to 

measure the brain. This could be by measuring the oxygen levels in the blood that is 

travelling through the brain, more commonly known as an fMRI, or by measuring the 

magnetic fields in the iron from the blood that travels through the brain, also referred 

to as PET. Activation in the different areas of the brain can be measured by 

determining the magnetic fields generated by the electrical impulses from the signal, 

MEG, or by measuring the electrical charges, known as EEG. This goes to show that 

even though the human brain is one of the most complex things in the known 

universe, there are multiple ways to examine it (Baars & Ramsøy, The tools: Imaging 

the living brain, 2007). 
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3 Consumer-Behavior-Perspective-

This section will present and elaborate on how the consumer makes a purchase 

decision with impetus on neoclassical theory and the new knowledge gained from 

implementing neuroscience and behavioral science. The first section deals with the 

neoclassical theory of consumers being rational, a theory that will be refuted in the 

second section through the use of insights from decision-neuroscience and 

neuromarketing that contradict the traditional view of rationality. Subsequently, the 

two ideas will be discussed in relation to the practical application and suggestions of 

consumer reactions in the ecological valid consumer choice situations.  

3.1 The-Economical-Way-of-Thinking-

The economical way of thinking about individuals has been dated back to the ancient 

Greeks. The term economics can be translated to ‘rules of the household,’�and was 

first examine by Aristotle, a Greek philosopher interested in the art of wealth 

acquisition. However, it was not until 1776, when Scottish philosopher Adam Smith 

published The Wealth of Nations, that classic economics was conceived. Celebrated as 

the birthstone of classic economics, this book helped expand the industrial revolution 

and bring about major changes to the economies at the time. While the foundation of 

economics has since been altered to further correct the theories that existed prior to 

this publication, the essence of theories, such as supply and demand, remain the same 

(Marshall & Marshall, 1879) (Mattick, 2008) (Smith A. , 1776). 

 The theory of supply and demand is an equilibrium that regulates the price of 

products. By regulating how much demand compared to supply of a particular 

product, it is possible to calculate the price to maximize profits. For instance, by 

lowering the product supply despite demand remaining the same, the fewer products 

lead to higher equilibrium prices. At the same time, there are cases in which demand 

cannot be met, thus pushing consumers to seek other products, known as substitute 

goods, to fulfill their demand. This means that if the price on product A rises, the 

demand for product A will fall, while the demand for substitute product B will rise if 

product B’s price remains unaltered (Mas-Colell, Whinston, & Green, 1995) (Bergin, 

2005) (Salvatore, 2011). 
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The economical theory of supply and demand is based on the assumption that 

a consumer’s decision-making is rational and that the consumer spends the necessary 

time when shopping for products. Furthermore, consumers are regarded as having a 

perfect memory of past experiences and information relating to the product, 

information that can be summoned when deciding to purchase a product. The notion 

that people do not have all the information when purchasing or selling a product is 

accounted for in micro-economical theory regarding bounded rationality (Simon, 

1972) (Salvatore, 2011). 

 One major flaw in the economical theory is the assumption that all consumers 

are rational human beings. This assumption results in faulty data that cannot be used 

to predict people’s behavior as anticipated. One reason the theory has survived despite 

its obvious flaws is the lack of a better theory that is as helpful in making educated 

decisions regarding the economies of small companies or large global economies. 

Daniel Kahneman reasons that the theory is hard to challenge, as it has become 

widely adopted by economists, making it difficult for them to change their way of 

thinking. As a result, flaws encountered by this theory are simply treated as 

anomalies, rather than part of a bigger issue (Kahneman, Thinking Fast and Slow, 

2011) (Salvatore, 2011). 

3.2 Consumers-are-Not-Rational-

In 1979, Daniel Kahneman and Amos Tversky published a paper that challenged the 

economical way of thinking in human beings. Rather then assuming that humans are 

rational creatures when making decisions, Kahneman and Tversky suggest that 

consumers assign different values to loss and gain, despite a consistent monetary 

value (Kahnemann & Tversky, Prospect Theory: An Analysis of Decision under Risk, 

1979). Known as prospect theory, this theory suggests that human beings evaluate 

decisions not just on a monetary basis, but also on emotional value. This contradicts 

classical economic theory, which assumes that people value gain and loss equally.  

Many behavioral economists and neuroscientists have since corroborated prospect 

theory by finding that consumers are not as rational as previously assumed. Antonio 

Damasio, a neuroscience professor at the University of Southern California, showed 

that damage to brain regions associated with emotions could severely damage the 

decision-making process. This further supports the notion that a good decision-

making process has to involve emotions (Genco, The Central Role of Emotions in 
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Consumer Responses , 2013) (Kahneman, Thinking Fast and Slow, 2011) (Bechara & 

Damasio, The somatic marker hypothesis: A neural theory of economic decision, 

2004). 

3.2.1 System-1-and-System-2-

Man considers himself a freethinking individual, one who is aware of all of his 

actions, and thinks about every decision he is going to make. But in everyday 

situations, a lot of decisions are made without conscious deliberation. Thus, in order 

to bridge the gap between conscious and non-conscious decision-making, the 

concepts of System 1 and System 2 have been introduced. System 1 operates quickly 

and automatically, using minimal resources with no sense of voluntary control. 

System 2, on the other hand, is slow and draws consideration to activities that demand 

attention; for instance, during complex computations that an individual might not 

frequently encounter. System 2 is resource heavy and the system is often associated 

with subjective experience of choice and concentration. The figure below (figure 3-1) 

summarizes the basic points of the dual systems (Kahnemann & Tversky, Prospect 

Theory: An Analysis of Decision under Risk, 1979) (Kahneman, Thinking Fast and 

Slow, 2011) (Ariely, Predictable Irrationality, 2008) (Ariely, Upside of Irrationality, 

2010). 

 

 
Perception Intuition 

System 1 

Reasoning 
System 2 

Process 

Fast 
Parallel 

Automatic 
Effortless 

Associative 
Slow-learning 

Emotional 

Slow 
Serial 

Controlled 
Effortful 

Rule-governed 
Flexible 
Neutral 

C
ontent 

Percepts 
Current stimulation 

Stimulus-bound 

Conceptual representations 
Past, Present and Future 

Can be evoked by language 
Figure 3-1. The table above summarizes the dual systems, proposed by Daniel Kahneman (Kahneman, Maps of 
Bounded Rationality: A Perspective on Intuitive Judgment and Choice, 2002). 

System 1 has the same capabilities that humans share with other animals. The 

automatic activity deals with everything from evaluating the distance between two 
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objects, to orienting oneself to locate an unexpected sound. It all happens 

automatically without the conscious awareness of the person and with little or no 

effort from the brain (Ariely, Predictable Irrationality, 2008) (Kahneman, Thinking 

Fast and Slow, 2011).  

 System 2, on the other hand, is unique to human beings.  It can be 

characterized as an effortful system that overrides some decisions System 1 may 

make. Imagine an unexpected noise is suddenly heard. System 1 automatically makes 

the individual aware of an unexpected sound. System 2, on the other hand, only 

becomes activated after becoming aware of the noise and makes the conscious 

decision to react to the sound that has been brought to attention. System 2 requires 

attention and can easily be distracted when attention is taken away. System 2 can, for 

example, help maintain a faster walking speed than normal or count how many times 

the term “system" has been mentioned on this page (Ariely, Predictable Irrationality, 

2008) (Kahneman, Thinking Fast and Slow, 2011) (Genco, Introduction, 2013).  

To illustrate System 2 in action while directing full attention to a situation, 

researchers can conduct an awareness test. In this test, the participant is presented 

with two teams: a black team and a white team. Each team is equipped with a 

basketball that is passed to their teammates while players run around the playing field. 

Participants are asked to count the number of passes made by the white team. As a 

result, the minds of participants are occupied with the seemingly basic task of 

counting the passes made. As a result of directing attention to a particular task, 

participants are completely oblivious to the fact that a moonwalking bear is crossing 

the playing field. Based on this study, it can be inferred that the omission of the 

moonwalking bear occurs because System 2 is actively engaged in the task of 

counting the number of passes and thus is not able to consecutively focus on other 

matters (Youtube, 2008) (Kahneman, Thinking Fast and Slow, 2011).  

System 2 also has the ability to reprogram System 1 to, for instance, drive on 

the left side of the road instead of the right, thereby using resources that one typically 

does not use in a normal situation. When someone becomes an expert at a particular 

task, the operation shifts from System 2 to System 1, thereby becoming an automatic 

and less resourceful process; for example, a chess master that can predict the next five 

moves effortlessly as a result of previous experience that he has achieved through 
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playing the game (Ariely, Predictable Irrationality, 2008) (Kahneman, Thinking Fast 

and Slow, 2011). 

3.2.2 Affectability-of-System-1-

Because System 1 is an automated system with very little governance, it is possible to 

affect the decisions that are made. Anchoring and priming are some of the methods 

that have the capability to influence the decisions made by System 1 (Ariely, 

Predictable Irrationality, 2008) (Genco, The Central Role of Emotions in Consumer 

Responses , 2013) (Kahneman, Thinking Fast and Slow, 2011). 

 Anchoring is when individuals compare information based on the first piece of 

information they are exposed to –�namely, the anchor. For example, if a wine bottle 

that costs $50 is positioned next to a $150 bottle, the $50 bottle will typically be 

selected more frequently than if it was positioned next to a cheaper bottle. Anchoring 

works because consumers tend to think of products in relative terms, as it demands 

fewer resources from the brain, thereby relying heavily on the first piece of 

information received. While anchoring may help individuals make sense of the 

decisions that they make��the individual’s choice can also manipulate through simply 

skewing the anchor (Kahneman, Thinking Fast and Slow, 2011) (Genco, The Central 

Role of Emotions in Consumer Responses , 2013) (Ariely, Predictable Irrationality, 

2008).  

Priming is another way of affecting an individual’s decision-making process. 

Priming occurs when a person is presented with stimuli, which affects the choice a 

person makes in a later decision. Multiple researchers have found evidence for 

priming, but most recently Gráinne M. Fitzsimons, Tanya L. Chartrand and Gavan J. 

Fitzsimons from Duke University and Waterloo University conducted research to dig 

deeper into the priming phenomenon (Shin, Pittinsky, & Ambady, 1999) 

(Dijksterhuis, Aarts, & Smith, 2006), (Navid, 2010) (Pessiglione, Petrovic, 

Daunizeau, Palminteri, Dolan, & Frith, 2008). Fitzsimons et al. conducted a study on 

creativity to see if there is a brand priming effect on creativity by priming subjects 

with brands. In this case, Fitzsimons et al. used Apple, which has associations of 

being a creative and innovative brand, and IBM, which is commonly thought of as a 

more traditional – some might even say boring – brand. The participants were shown 

different pictures, which they had to rate. One group was primed with the Apple 
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brand and the other with the IBM brand. Both groups then conducted a creativity test 

to see any effects of the priming. The creativity test results showed that participants 

who were primed with Apple significantly outperformed the other participants who 

were primed with IBM. This shows the effect of priming two different brands that are 

in the same line of work, but have two completely different associations (Ariely, 

Predictable Irrationality, 2008) (Fitzsimons, Chartrand, & Fitzsimons, 2008). 

Brand familiarity, which derives from priming of a brand through 

advertisement or through regular purchase decisions, has been associated to have 

stronger and more positive brand associations to familiar brands compared to 

unfamiliar brands. This is due to the tendency of consumers perceiving familiar 

brands as more secure and quality based, whereas unfamiliar brands are associated 

with low quality. A study by McClure et al. highlights the role of brand familiarity in 

consumer preference. The study was conducted through a double blind anonymous 

and semi-anonymous drink test between Pepsi and Coca Cola. While the blind 

anonymous test did not find any preference for the soft drinks, the semi-anonymous 

test showed that when one cup was labeled as Coca Cola and the other was mentioned 

to be either Pepsi or Coca Cola, there was a significantly affected preference towards 

the Coca Cola labeled cup. This indicates that the consumers have a strong behavioral 

preference for a familiar brand name compared to an unfamiliar brand (Holme & 

Somervuori, 2009) (Hoeffler & Keller, 2003) (McClure, Li, Tomlin, Cybert, 

Montague, & Montague, 2004).  

3.2.3 The-Brain-is-a-Cognitive-Miser-

When System 1 encounters a problem that it has not experienced before and does not 

know how to handle, it directs itself to System 2 for help. System 2 searches for 

information within one’s memory to see if a similar situation has been dealt with 

before in a different scenario. Following this, System 2 processes a plan to deal with 

this new scenario. If the same scenario is encountered enough times, the process will 

be moved from System 2 to System 1, thereby minimizing the resources involved 

(Kahneman, Thinking Fast and Slow, 2011) (Genco, The Central Role of Emotions in 

Consumer Responses , 2013). 

 Through relying on System 1 rather than System 2, the brain works efficiently 

and uses minimal resources; in this instance, the brain can be classified as a cognitive 

miser. The theory behind why the brain wants to minimize costly brain activity is 
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based on the idea that the brain uses about 20% of the calories in a normal individual. 

If the brain was more involved with complex brain processes all the time, there would 

be a need for a higher calorie intake, due to the sheer amount of resources it would 

need to properly function (Genco, The Central Role of Emotions in Consumer 

Responses , 2013).  

 As a result, the human brain tries to minimize the amount of thinking that is 

done. By relying on cues from the environment, ranging from novelty, familiarity and 

process fluency, it is easier and more cost efficient for the brain to process 

information and make a decision. Easy decisions are fast decisions, saving the person 

a lot of unnecessary workload. These decision-making shortcuts are called heuristics 

(Genco, The Central Role of Emotions in Consumer Responses , 2013) (Ariely, 

Predictable Irrationality, 2008). 
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4 DecisionTmaking-Process-

This chapter will focus on theories pertaining to decision-making that are relevant to 

consumer behavior. These will be presented in three parts: the dual system, the 

reward system and the prefrontal cortex asymmetry. 

4.1 DecisionTmaking-of-the-Consumer-

The neoclassical assumption behind the consumer decision-making process is that 

consumers are thought to be rational, weighing their options before making the final 

purchase decision. However, as Kahnemann and Tversky illustrate through prospect 

theory, consumers are not rational, nor do they always consciously weigh decisions. 

Rather, consumers do not have perfect memory of all information regarding the 

products they encounter and do not assign a mathematical value to each product and 

choose the one that maximizes their outcome (Genco, The Central Role of Emotions 

in Consumer Responses , 2013) (Ariely, Upside of Irrationality, 2010) (Ariely, 

Predictable Irrationality, 2008). Instead, consumers rely on a variety of unconscious 

situational factors that can alter a consumer’s decision. For instance, alternating the 

store layout can affect which product consumers end up purchasing. Relying on these 

heuristics allows consumers to make fast and simple decisions to what might 

otherwise be potentially exhausting decisions. The common feature of heuristics is 

that they substitute a cognitively demanding consideration with an internal survey of 

feelings. Thus, individuals rely on their emotions or past experiences to make 

decisions rather than information at the specific moment of decision (Genco, The 

Central Role of Emotions in Consumer Responses , 2013) (Ariely, Upside of 

Irrationality, 2010) (Ariely, Predictable Irrationality, 2008). 

Trusting these parameters when making decisions can make the brain 

susceptible to many stimuli. These factors operate outside conscious awareness, 

making an individual unaware that these aspects are being considered. Stimuli such as 

priming or anchoring can have a strong influence on purchasing behavior, despite the 

consciousness of the consumer. This is not to say that people are helpless zombies, 

just waiting to be affected by stimuli that the company provides to buy their products. 

Rather, System 2 still has the final say in many decisions and can override automatic 

decisions made by System 1 at any given time (Ariely, Upside of Irrationality, 2010) 
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(Ariely, Predictable Irrationality, 2008) (Genco, The Central Role of Emotions in 

Consumer Responses , 2013) (Kahneman, Thinking Fast and Slow, 2011). 

When making decisions, the individual’s brain considers a variety of different 

routes it can take. For instance, when deciding to purchase a product, there are many 

different paths that can be taken - from choosing a product, asking for guidance from 

a store employee or exiting the store. In order to decide which action to take, the 

prefrontal cortex has to decide which actions to suppress in order to complete the 

action of its choosing (Berthoz, 2003).  

Emotional triggers, which influence each individual differently, can be found 

in almost everything. Triggers can range from a pleasant smell that invokes good 

childhood memories or, if the individual associates a bad experience with a particular 

smell, it can evoke anger or disgust. Since deficits in emotional processing have been 

shown to influence decision-making for the worse, it is important to understand the 

emotional processes that affect the decision-making process. For instance, Thai 

Airways has a particular scent associated with its staff and the insides of their plane in 

order to associate the scent with the pleasant experience of flying with their airline. If 

a passenger already has a bad association with the scent from previous experience, be 

it a childhood memory or a bad flight experience with Thai Airways, the passenger 

may be reminded of the bad experience, thereby making them proactively flying with 

Thai Airways in the future (Genco, Introduction, 2013) (Ariely, Predicatble 

Irrationality, 2008) (Bechara & Damasio, The somatic marker hypothesis: A neural 

theory of economic decision, 2004). 

4.2 The-Reward-System-

From the beginning of time, man learned how to survive in this world through 

learning reward. Nowadays, reward also includes non-basic and non-sexual entities, 

such as money, artifacts, aesthetics and mental events. Reward is defined as events or 

objects that produce approach. Consumer behavior creates the ability to learn such 

behavior and reward economic decisions with a positive outcome. Reward may also 

generate positive emotions. Because of the complex nature of the reward system, it is 

typically poly-sensory, involving many different factors, making it difficult to 

pinpoint its receptors. The reason behind this is that reward is not attributed by the 

physical appearance or chemistry of an object, but by the behavioral reaction reward 
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provokes. The reward signal then informs the neural decision-making mechanisms 

about the abstract motivational or economic reward value (Schultz, 2009). 

Dopamine, a neurotransmitter, plays an important role regarding reward in the 

brain. Dopamine levels shift according to the reward stimuli that are present in the 

subject. This means that if an individual receives a reward, the individual’s brain 

produces a higher level of dopamine than usual. Dopamine is created in the Ventral 

Tegmental Area (VTA) and is released into the Nucleus Accumbens (NAcc) and the 

Prefrontal Cortex, PFC (Goldberg & Bougakov, 2007). 

Located in the striatum, the NAcc is highly active when the brain is learning 

and predicting value and has been discovered to have motivational value. The NAcc 

adapts to expect a higher level of dopamine whenever it anticipates a reward.  Since it 

is strategically placed in the brain, the NAcc is in an ideal position to coordinate 

valuation and subsequent action. If the subject continually receives a reward for the 

same task at hand, the NAcc learns to predict the value, thereby releasing the 

dopamine a couple of seconds earlier changing this from reward stimulus to a 

conditioned stimulus. It can therefore be called a prediction structure (McGovern K. , 

2007) (Knutson, Delgado, & Phillips, 2009). 

4.3 Prefrontal-Asymmetry-

The Prefrontal Cortex (PFC) has been a subject of much research aiming to better 

understand its functionality. Many studies have shown that damage or inhibition to 

the left PFC can result in depression, while the same damage or inhibition to the right 

PFC may result in euphoria or manic symptoms. These scenarios have been 

reaffirmed by measuring the states of depressed individuals at rest, which showed 

greater right PFC activity than individuals not suffering from depression. Further 

research has shown that with trait positive affects, there is relatively higher left PFC 

activity, while for trait negative affects, there is more activity in the right PFC 

(Davidson, Wheeler, Doss, & Tomarken, 1992) (Terzian & Cecotto, 1959) (Alema, 

Rosadini, & Rossi, 1961) (Perria, Rosadini, & Rossi, 1961) (Rossi & Rosadini, 1967) 

(Heller, Miller, Levin, Stewart, & Spielberg, 2009). 

 Schiff and Lamon (1989) exemplify the emotional experience as being 

affected by the PFC through a study measuring the PFC activity of participants. In 

this study, participants were asked to squeeze a ball with either hand while watching a 

film and subsequently rate it. When squeezing the ball with their right hand, 
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participants activated the left PFC, while the left hand activated the right PFC. The 

rating showed a significant effect of the ball squeezing, in which right hand squeezers 

rated the film significantly higher than left hand squeezers and the control group. 

Alternatively, left hand squeezers rated the film significantly lower than the other two 

groups (Schiff & Lamon, Inducing emotion by unilateral contraction of facial 

muscles; a new look at hemispheric specialization and the experience of emotion, 

1989) (Schiff & Lamon, Inducing emotion by unilateral contraction of hand muscles, 

1994). 

 Novacek and Lazarus (1990) theorize that emotions stem from motivational 

processing, which can predict the emotional outcome. When a situation is beneficial, 

positive emotions such as pride or joy arise, whereas harmful situations result in 

negative emotions, triggering anger or sadness (Novacek & Lazarus, 1990).  

Richard J. Davidson, professor of psychology and psychiatry at University of 

Wisconsin-Madison, theorized that PFC asymmetry is not related to the valence of the 

stimuli. Instead, he argues, it is related to the motivational system that is engaged by 

the stimuli. Davidson suggests that the right PFC is involved in a system facilitating 

withdrawal behavior from aversive stimuli while the left PFC is affiliated with a 

system facilitating approach behavior to appetitive stimuli. Davidson’s theory further 

states that emotion related lateralization in the PFC is observed because emotions 

contain approach and/or withdrawal components. Emotions will therefore be 

associated with either left or right PFC asymmetry, depending on the extent in which 

the emotion is convoyed by approach or withdrawal behavior (Davidson R. J., 

Hemispheric Specialization for Cognition and Affect, 1983).  

Anger, which has a negative association, has been discovered to activate 

relatively more left PFC asymmetry, which indicates approach motivation. Studies 

show that this activation occurs during situations in which individuals experience 

anger when they have the opportunity to behave in a certain manner to resolve the 

anger-producing event that the individuals experienced, thereby evoking approach 

behavior (Harmon-Jones, Gable, & Peterson, 2009). 

Davidson suggests that the left PFC inhibits the amygdala, which is associated 

with strong arousal. This supports the theory associating stronger activity in the left 

PFC with approach behavior by suppressing fear from the amygdala. This finding 

indicates that the PFC is not mediating emotional responses, but rather moderates 
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patterns of activity in other parts of the circuit that control the primary emotional 

responses (Davidson R. J., 2004).  

Bud Craig, a functional neuro-anatomist, suggests:  

 

“…forebrain emotional asymmetry is anatomically based on an asymmetrical 

representation of homeostatic activity that originates from asymmetries in the 

peripheral autonomic nervous system” (Craig, 2005, s. 1).  

 

Craig proposes that the activation and asymmetry of the forebrain is due to an 

asymmetry of activation in the anterior insula (AI) that is enhanced and expanded on 

a cortical level that resonates through the forebrain. Craig argues that in our nervous 

system, there is a fundamental bilateral separation from the basic spinal cord and 

brain stem homeostatic systems to our highest PFC functions, where the right side 

uses energy that the left side brings in (Craig, 2005).  

The AI appear to be central in processing feelings all the way from basic 

(interoceptive) body sensing (posterior insula) up to subjective feelings such as anger, 

happiness and lust. These are noted to be homeostatic emotional currency, which help 

regulate the body’s balance of a range of issues, from blood pressure all the way to 

social self image (Craig, 2005) (Bownds, 2008). 

 
Figure 4-1 shows the respective roles of the left and right AI from the sympathetic and parasympathetic input 
(Craig, 2005). 
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Figure 4-1 depicts the central role of the left and right AI in receiving information 

about the body state and feeling from sympathetic and parasympathetic input and then 

interacting with the frontal cortex and the anterior cingulate (Craig, 2005). 

The left AI is associated with parasympathetic symptoms that are positive 

emotions, such as nourishment, approach (appetitive) behavior. On the other side, the 

right AI is associated with sympathetic symptoms - negative emotions such as danger, 

withdrawal (aversive) behavior etcetera (Craig, 2005). 

 When making a purchase decision, there is a trade-off between the pleasures 

derived from purchasing the product (gain) with the pain of paying for the product 

(loss). Based on the ideals of prospect theory, an individual values potential losses 

more than potential gains. This means that the consumer’s gain must be significantly 

more than the loss for the consumer to consider purchasing a product. This indicates 

that a stronger approach motivation elicited by a product that exceeds withdrawal 

motivation should be associated with an affirmative purchase decision.  

A study by Ravaja et al. (2011) demonstrates that there is a change in 

approach motivation when the prices for a product vary. The higher the price of the 

product, the lower the approach motivation. As such, the individual relates a higher 

price with higher quality, thus activating the approach motivational system. This 

means that the stronger the relative left PFC asymmetry is, the more likely the 

consumer will be willing to buy the product (Batemana, Kahneman, Munroc, 

Starmerd, & Sugden, 2005) (Ravaja, Somervuori, & Salminen, 2012) (Kahneman, 

Thinking Fast and Slow, 2011).  

4.4 Metrics-

From the data collected by the EEG (which will be elaborated in section 6.3), it is 

possible to extract an immense amount of data and organize it in metrics to create a 

clear picture of what is happening inside an individual’s brain. Some of the metrics 

that can be used are emotional engagement, cognitive load and motivation, which I 

will elaborate on in the following section.  

4.4.1 Emotional-Engagement-

Emotions and feelings are two different terms. While feelings can be reported as an 

experience, emotions are not often consciously recognized. Feelings are dependent on 
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emotions, while emotions can occur without conscious feelings (Bechara, Damasio, & 

Damasio, Emotion, Decision Making and the Orbitofrontal Cortex, 2000).  

Emotions can be understood as a two dimensional system that includes arousal 

and valence as its independent variables. Arousal indicates the level of excitement the 

participant is experiencing, for good or for worse. Valence, on the other hand, 

indicates the type of emotion the individual experiences; whether the emotion is good 

or bad. The emotional engagement metric is found by measuring the level of arousal 

the participant is experiencing, as well as what kind of emotion the person shows. The 

relationship between the two parameters is illustrated in figure 4-2 (Coan & Allen, 

2004). 

  
Figure 4-2 illustrates the relationship between arousal and valence (Jatupaiboon, Pan-ngum, & Israsena, 2013). 

Emotional arousal is measured by calculating the relative difference in gamma 

activity between the hemispheres temporal regions, wherein stronger right activity 

compared to left activity indicates positive emotions and the reverse indicates 

negative emotions. Researchers have used the asymmetry of the alpha waves of the 

frontal lobe as a good indicator of emotional valence. Relatively higher left to right 

hemisphere activity indicates a positive experience, whereas the opposite is true for a 
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negative experience. Together, these two parameters can determine the emotional 

engagement of a participant.  

4.4.2 Cognitive-Workload-

Cognitive workload was designed to measure if the participant is experiencing a level 

of cognitive workload that is interfering with the desired outcome of the experience. 

This could be a boring message that distracts people, causing the participant to stop 

paying attention and loose interest, or an influx of information in a message that 

makes it difficult to focus on one thing at a time, thereby causing the participant to 

miss out on other important information. In order to attain the best results while 

relaying the most vital information to the consumer, the cognitive workload should 

reside between the two extremes (see figure 4-3) (Berka, et al., 2007). 

 
Figure 4-3 shows the ideal position between low and high cognitive workload. 

The cognitive overload is measured by observing the theta waves across the frontal 

lobes. While a high level of activity translates into a lot of information being 

processed, and a low level of theta activity indicates low amounts of information 

being processed. Through this means of measurement, it is possible to collect how 

much information is enough for the consumer to feel informed without feeling 

overwhelmed (Berka, et al., 2007). 

4.4.3 Motivation-

Motivation can either be conscious, which can easily be uncovered through individual 

self-reports, or unconscious, occurring outside of the individual’s awareness. 

Unconscious motivation demonstrates how much of our decision-making actually 

occurs without our conscious perception.   

The motivation metric is considered to be an accurate predictor of approach 

behavior of consumers. It measures the relative difference in gamma waves activity 

between the left PFC and the right PFC, where greater activity on the left hemisphere 

Low*
Cogntive*
Workload*

Ideal*
Cognitive*
Workload*

High*
Cogntive*
Workload*
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is an indication of approach motivation, while greater activity on the right hemisphere 

is an indication of avoidance. It is calculated by using the following formula: 

!"#$%&#$"' = !"# !"#$!!" !"#!!"#ℎ!!!"
!"#!!"#$!!" + !"#!!"#ℎ!!!"!

This shows that relatively higher motivation indicates approach while relatively lower 

motivation flags avoidance (Harmon-Jones, Gable, & Peterson, 2009). 

The figure 4-4 shows the 

consumers decision-making process in 

order to purchase a product. When the 

consumer looks at a product, it is 

possible to measure the PFC to see the 

reaction towards the product. If a 

product activates relatively more left 

PFC activity compared to other products, 

an approach is indicated, leading to a 

purchase. However, if the reaction to a 

product activates relatively more right 

PFC activity, it indicates avoidance and 

will not result in a purchase.  

Figure 4-4 demonstrates the consumer’s decision-making process. 
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5 Attention-

In this section, the theories of attention are introduced and explained in effort to 

establish a theoretical foundation, by which the problem formulation can be 

examined. Initially, an introduction of the definitions of attention is provided, 

followed by the theories heading the bottom-up and top-down attention approach. 

Following the summary, I will put into perspective of how this could influence the 

treatment of the problem formulation backing this research.  

5.1 What-is-Attention?-

Attention and consciousness are closely related but distinguishably different. 

Attention is typically an unconscious act. As Baars notes, “…� when people pay 

attention to something they generally do become conscious of it.” (Baars, Attention 

and Consciousness, 2007). Attention is defined as choosing one event over the other, 

either voluntarily or unconsciously (Baars, Attention and Consciousness, 2007). 

Consciousness is an individual’s ability to accurately describe events. Studies show 

that humans are incapable of reporting more than one conscious event at a time. A 

study by Di Lollo et al. (2000) shows that “reentrant signaling as the predominant 

form of communication between brain areas”� (Di Lollo , Enns, & Rensink, 2000). 

This reinforces that there is constant competition between events in the human brain 

(Baars, Attention and Consciousness, 2007). 

 Selective attention can be through either voluntary or automatic attentional 

control. William James (1842 –�1910), an American psychologist and philosopher, 

was one of the first psychologists to examine the concept of attention. When focusing 

on attention, James noted: 

 

 “What appeals to our attention far more than the absolute quality of an 

impression is its ratio to whatever other impressions we may have at the same 

time. When everything is dark a somewhat less dark sensation makes us see an 

object white.“ (James, 1892)  

 

James argues that what grabs our attention is not only based on what we see, but also 

on the surroundings that make this object pop out. This was later proven to be 
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accurate through multiple studies of visual search paradigms with a color or 

orientation pop out. For instance, if an individual is presented with a ten by ten matrix 

with the letter “I”� inside all the boxes except for one box, which contains the letter 

“O”, the individual’s attention will be drawn to the box with the “O”�because it stands 

out. The theory behind these studies is that if all the information is readily available, 

the brain performs a parallel search. In a parallel search, all the information is 

processed at the same time, creating an efficient processing of information. A serial 

search, on the other hand, would be much slower and typically demand voluntary 

attentional control, due to the vast amount of features to analyze, resulting in each 

item being analyzed separately. Voluntary attentional control is associated with 

execution of the frontal lobe (Baars, Attention and Consciousness, 2007) (Stanford, 

2013). 

5.2 TopTDown-

The top-down approach is a voluntary goal-directed control act. This approach is a 

slow process, requiring a vast amount of brain resources as the brain searches for a 

specific goal. Research has found top-down approach to be involved in working 

memory, conflict resolution and inhibition. It is limited in multi-tasking scenarios, 

such as the previous example of the moonwalking bear between the basketball 

players. The prefrontal cortex and Basal Ganglia are both primarily involved in top-

down search as one of the execute functions (Baars, Attention and Consciousness, 

2007) (Posner & Petersen, 1990).  

5.3 BottomTUp-

Bottom-up processing is an automatic process in which individuals process the 

environment around them and is driven by the senses without the individual 

consciously knowing about it. Bottom-up processing happens fast and automatically 

to the person in the environment that is being presented. Attentional selection is 

driven by the properties of the objects presented. For instance, sudden loud changes in 

the environment can trigger bottom-up processing and make the persons aware of the 

change. Typically, individuals are able to avoid changing their focus, though 

individuals are still aware of the change that has occurred. This is in part due to 

bottom-up processing (Stanford, 2013) (Baars, Attention and Consciousness, 2007) 

(Posner & Petersen, 1990) (Astle & Scerif, 2009). 
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5.4 Attentional-Conclusions-

One easy way to understand the properties and limitations of bottom-up and top-down 

processing is to envision these as bottlenecks. Bottom-up processing views the bigger 

picture without any conscious guidelines to follow, while top-down processing is goal 

directed. Top-down only focuses on the goal, missing out on the rest, hence the so-

called bottleneck analogy. Illusionist Derren Brown conducted an experiment for the 

TV-program Mind Control in order to depict top-down versus bottom-up processing. 

In this experiment, Brown feigned being lost in a city and approached strangers to ask 

them for directions on a map. People were then given a map to direct Brown to his 

destination. This map is an example of top-down processing, as it focuses the 

individuals on their goal. While individuals attempt to navigate the map, actors walk 

between the participant and Brown with a large painting, giving Brown enough time 

to swap places with another individual. Because people have a limited processing 

capability during top-down processing, they rarely notice the swap. Though Brown 

was swapped with people of different races and gender, participants rarely recognized 

the change (Baars, Attention and Consciousness, 2007) (Brown, 2007). 

 Numerous studies have shown that consumers only notice and evaluate a 

fraction of the hundreds of products on the shelves of a store (Inman, Winer, & 

Rosallina, 2009) (Kollat & Willett, 1967). This means the competition of receiving 

the consumer’s attention is crucial for a product’s survival. Salience, contrast, volume, 

product design, shelf space, familiarity, location quality and display organization all 

impact the attention that a product receives and influence the likelihood of the product 

being seen and, ultimately, chosen (Young, Bradlow, Hutchinson, & Chandon, 2007) 

(Milosavljevic, Navalpakkam, Koch, & Rangel, 2012). 
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6 What-Neuromarketing-Brings-to-the-Table-

In this chapter, I will discuss a few methods used to measure participants to solve 

real-world problems. First, there will be a short introduction to the measures being 

used in neuromarketing of today. Following this, I will introduce methods being used 

in this thesis, such as mobile eye tracking and mobile EEG. Towards the end of the 

chapter, I will theorize on the dangers of reverse inference when analyzing the results. 

6.1 Measurements-

With the overturning of the belief that consumers are not as rational and logical 

thinking as previously assumed, it is now possible to discover how people actually 

react to products and make purchasing decisions. In order to properly present the 

human decision-making process, I will begin by introducing the variety of methods 

used when conducting research in this field. 

Measurements 

Behavioral measures Questionnaires, sample testing, blind testing, 

changes in in-store setup etc. 

Facial expressions Frowning, smiling, crying, etc. 

Galvanic Skin Response, GSR Electrical conductivity in skin detect changes in 

state of emotion 

Respiration and Heart rate Good indicator of the human state of mind 

Cognitive Games IQ test, Creativity test, etc.  

Response time Reveals the unconscious brain processes by 

measuring reaction for subliminal and non-

subliminal stimuli 

Single-Unit Recording, SUR SUR uses external or internal needles to pick up 

axonal spikes 

Functional Magnetic Resonance 

Imagine, fMRI 

The fMRI uses a powerful magnet from a MRI-

scanner to track the iron levels located in the 

blood in the brain, to measure brain activity. 

Positron Emission Tomography, PET By injecting the participant with a radioactive 

tracer. A cyclotron reads the gamma radiation and 

creates a 3D image of the brain 

Magnetoencephalography, MEG MEG measures the magnetic field caused by the 

electrical activity in the brain 

Table 6-1 See appendix 1 for more information. 
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6.2 Eye-Tracking-

6.2.1 Why-Use-Eye-Tracking?-

The human eyes are constantly moving until they stop and focus on something. The 

most important eye movements are called fixations, saccades and smooth pursuits. 

Fixations usually last between 100-600 milliseconds and are defined by the human 

eyes stopping and fixating on a point. During this time, information is sent back to the 

brain. Saccades precede fixations and typically last between 20-40 milliseconds. This 

is when the eyes scan a scene without sending any visual information to the brain to 

be processed.  

 
Figure 6-1. An illustration of how the eye has a visual field of 200 degrees. The peripheral vision is shown as dark 
blue, while the foveal is the red. 

The human eye has a visual field of 200 degrees. The most sensitive part of the eye is 

the foveal, which is located on the retina at about 1-2 degrees and contains the highest 

amount of light sensitive cells. This is the only point of the human eyes that can see 

sharp and colorful images. The peripheral vision that surrounds the foveal vision 

gives us a vague image of the surroundings, but is excellent in movements and 

contrast, see figure 6-1. It is possible for the human being to move their covert 

attention without movement while the eyes are at a complete rest. Foveal vision is a 

valid measure towards determining the point of covert attention, since the peripheral 

vision is blurred and very little information can be consciously processed in the brain. 

Still objects in the peripheral vision are observed unconsciously and can influence the 
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person, without the person being aware of it. The brain tries to conserve as much 

energy as possible, so by attempting to remove the blurred object from the peripheral 

vision, it uses more energy than it would if the brain moved the foveal vision (Baars, 

A Framework, 2007) (Rayner, 1998) (Tobii, Tobii Eye Tracking in Package and Shelf 

Testing White Paper, 2008) (Baars, Mind and Brain, 2007). 

6.2.2 History-of-Eye-Tracking-

Tracking eye movement has interested researchers since the 19th century. In 1879, 

Javal, a French ophthalmologist, discovered that eye movement is not smooth when a 

person reads, but actually moves in saccades and fixation. Edmund Huey created the 

first ever eye tracker in 1898, introducing the ability to follow eye movement and 

better understand the human eye. Since the first model, eye tracking devices have 

improved immensely as advanced technology has allowed for user-friendly and less 

invasive models of eye tracking devices (Huey, 1908) (Tobii, Tobii, 2007). 

6.2.3 What-is-Stationary-Eye-Tracking?-

A stationary eye tracking system consists of a computer monitor and infrared diodes, 

which create reflection patterns in the corneas of the participant’s eyes. The patterns 

are picked up by image sensors and converted into gaze data that tracks the movement 

of the eye. When combining the gaze data with the digital image running on the 

monitor, researchers gain a clear indication of where the participant is looking and 

informs us of how many fixations the participants has viewed in a particular area of 

interest. The image sensors also pick up the positioning of the participant and the 

pupil dilation of the eyes. Approaching the screen and larger pupil dilation is 

associated with positive arousal and interesting stimuli, and therefore serves as good 

indicators of arousal (Tobii, Tobii TX Product description) (Hess & Polt, 1960) 

(Genco, When Consumers' brains go online, 2013) (Ramsøy, Friis-Olivarius, 

Jacobsen, Bagdžiūnaitė, & Skov, 2014). 

6.2.4 What-is-Mobile-Eye-Tracking?-

The mobile eye tracking system was developed to suit the needs of experimenters 

who wanted to shift from testing participants in artificial environments to testing 

individuals in real-life situations. Mobile eye tracking glasses are fitted with a 

widescreen camera in the front to measure eye fixation, as well as an eye tracking 

sensor that tracks eye movement of the participant through infrared reflective glasses 
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and illuminators. This system works in the same manner as the stationary system: the 

mobile eye tracking glasses are mounted on the participant and a small calibration is 

needed to ensure data quality of the participant. A major difference between the 

stationary and the mobile system is that the environment is less controllable; hence, 

with the mobile eye tracking system, participants are able to look at wherever they 

desire. This can make it more difficult for researchers to get the same results as they 

would with the stationary setup. With the mobile system, the results occur at a more 

natural environment and can be used in many different situations (Tobii, Tobii TX 

Product description) (Tobii, Tobii, 2007) (Tong & Pearson, 2007). 

6.3 Electroencephalography-(EEG)-

6.3.1 History-of-EEG-

In 1870, Richard Caton, a Liverpool physician, presented his findings about the 

electrical phenomena of exposed cerebral hemispheres in rabbits and monkeys. Fifty 

years later, German physiologist and psychiatric, Hans Berger took advantage of 

Caton’s findings and recorded the first human EEG. Through this, Berger created 

what is now known as electroencephalography (EEG) in 1929 (Swartz & 

Goldensohn, 1998) (Millet, 2002) (Hans, 2003) (Baars & Ramsøy, The Tools: 

Imaging the living brain, 2007). 

6.3.2 Why-Use-EEG?-

Rather than measuring each neuron’s electrical activity, it is possible to measure the 

electrical field that is evicted by a region of neurons. This is made possible by using 

the EEG, which is temporally very sensitive, as electromagnetic waves propagate 

immediately. The brain waves that are evicted are categorized in five groups different 

in hertz (Hz): Delta (1-4Hz), Theta (3,5Hz –�7,5 Hz), Alpha (7,5Hz –�13Hz), Beta 

(12Hz –�30 Hz) and Gamma (26Hz –�100 Hz).  

Alpha waves were the first waves discovered by the German neurologist Hans 

Berger, hence the name “Alpha,” which derives from the first letter of the Greek 

alphabet. Berger made the discovery as an extension to his EEG invention in the early 

19th century. Alpha waves predominately originate from the occipital lobe and are 

strongest when experiencing wakeful relaxation while the eyes are closed. The alpha 

waves diminish when either opening the eyelids or experiencing drowsiness or sleep, 
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which increases beta waves. Alpha waves are enhanced during internal tasks, such as 

working memory or mental calculation. Along with beta and gamma waves, alpha 

waves have also been strongly associated with the coordination of selection and 

maintenance of neuronal object representations during perception, consciousness and 

working memory. Delta waves are the slowest of the waveforms, but have the highest 

amplitude. The wave occurs while in deep sleep and stem from either the cortex or the 

thalamus. Theta waves occur when the person is in a state of drowsiness or Rapid Eye 

Movement (REM) sleep. Theta waves are often observed in the Hippocampus and the 

brain regions directly connected to it. Beta waves are the states associated with 

normal waking consciousness and are often associated with active concentration and 

active, busy or anxious thinking. Beta waves over the motor cortex are associated 

with muscle contractions in isotonic movement (Kryger, Roth, & Dement, 2000) 

(Gross, 1992) (Palva & Palva, 2007). Gamma waves are the fastest waves with the 

lowest amplitude. Although the gamma waves can reach 100 Hz, the waves are 

typically at 40 Hz. Because of the high frequency, it was not until 1964 that 

advancement in EEG enabled to detect the gamma waves, earlier analog methods 

could only measure up to 25 Hz. They stem from the thalamus and are associated with 

the highest concentration and the brain’s optimal frequency for cognitive functioning.  

As Robert Pollack, a professor at Columbia University, wrote: 

 

”The proposed answer lies in a wave that originating in the thalamus, sweeps 

the brain from front to back, 40 times per second, drawing different neuronal 

circuits into synch with the precept, and thereby bringing the precept into the 

attentional foreground. If the thalamus is damaged even a little bit, this wave 

stops, conscious awarenesses do not form, and the patient slips into profound 

coma” (Pollack, 1999, s. 80). 

 

By oscillating these neuronal clusters at the same time, the brain is able to bring back 

previous experiences and memories and associations from the visual precept. This 

complex matrix of information generates a coherent cognitive act, such as perception 

(Gross, 1992) (Hughes, 2008) (Pollack, 1999). 

Like other methods, EEG has its limitations. Since it is difficult to precisely 

pinpoint the electrical field, and due to the way physics of the electromagnetic waves, 
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EEG is more sensitive towards neurons close to the scalp, limiting the information 

from subcortical regions such as the thalamus. Since the brain has trillions of different 

electrical activity happening every second, it has been difficult to decode the raw data.  

One such issue is that muscle contractions depict a signal similar to that of the brain, 

but with a hundred times the amplitude. This makes it difficult to evade incorporating 

these signals into the EEG data. As a way to analyze highly complex EEG, a 

mathematician named Joseph Fourier developed a technique to decompose the signal 

into sine waves with different densities in each frequency range (Baars & Ramsøy, 

The Tools: Imaging the living brain, 2007) (Genco, Introduction, 2013) (Makeig, 

Gramann, Jung, Sejnowski, & Poizner, 2009). 

6.3.3 What-is-Stationary-EEG?-

Stationary EEG works by placing electrodes on the scalp of the participant after 

applying a conductive gel or paste. The electrodes are positioned in a 10-20 system, 

which is an international recognized method on where to apply electrodes. If more 

than 20 nodes are needed to analyze a particular part of the brain, caps or nets are 

used to position the electrodes. A cap can contain up to 256 electrodes. For every pair 

of electrodes, there is a differential amplifier which works to boost the signal of the 

active electrode compared to the reference electrode, with about 1,000-100,000 times. 

Unlike other methods such as fMRI, EEG offers a manageable and cheap method to 

analyze the brain (Baars & Ramsøy, The Tools: Imaging the living brain, 2007) 

(Genco, Introduction, 2013) (Niedermeyer & da Silva, 2004). 

6.3.4 What-is-Mobile-EEG?-

Mobile EEG functions in the same manner as stationary EEG while also being 

transferable. By using mobile EEG, the researcher is able to break free from the 

artificial environment created in the lab and test participants in real world situations, 

resulting in more accurate findings. This is ideal for collaboration with a mobile eye 

tracking system. The mobile EEG system consists of a smaller cap with about 10-20 

electrodes that either run as dry electrodes or soaked in salient water to improve 

connectivity with the participant’s scalp. One challenge with mobile EEG is that brain 

activity while walking around can be highly influenced by non-brain related activity, 

thereby distorting the data. However, through the development of Independent 

Component Analysis (ICA), this problem has been minimized, resulting in an 
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effective solution for EEG decomposition into functionally distinct source activities 

(eMotiv) (Baars & Ramsøy, The Tools: Imaging the living brain, 2007) (Genco, 

Introduction, 2013) (Makeig, Gramann, Jung, Sejnowski, & Poizner, 2009). 

6.3.5 Fourier-Transform-

In the early 19th century, French mathematician and physicist Joseph Fourier 

published a theorem named after him, the Fourier Transform. The Fourier transform 

is used to transform a function of time f(t) into a new function of frequency with the 

unit as cycles, Hz. The function looks like this: 

! ! = !(!)!!!!"#$!"
!

!!
 

In this equation, t represents time and ξ represents the frequency.  

This function is applicable when several simple functions of sine and cosine 

are summed up to one function. Therefore, it makes it easier to look at each isolated 

function when analyzing the function. By using the Fourier transform, it is possible to 

detach the frequencies and receive a better understanding of the function (Fourier, 

1822). 

 
Figure 6-2. The red graph is an illustration of the function f(t). The graphs behind f(t) illustrates that f(t) is made 
of a sum of simple sinus and cosinus functions. By using the Fourier transform, it is possible to analyze the 
different frequencies in the f(t) function. The graph on the right illustrates the different frequencies in the function 
(Wikipedia).  

When using EEG, each electrode receives and records frequencies that occur in the 

brain, such as Alpha, Beta, Gamma, Delta and Theta waves. This is depicted through 

a summed function of the different frequencies. By using the Fourier transform, it is 

possible to separate the different wavelengths and create a clearer look into what 

happens in the brain, see figure 6-2.  
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 The downside of the Fourier transform is that it takes a long time to compute, 

so in the 1960s, the Fast Fourier Transform (FFT) was popularized. FFT is widely 

used today in EEG research, allowing researchers to separate the different 

wavelengths and analyze the brain more efficiently (Brigham, 2002). 

6.3.6 Independent-Component-Analysis-

One problem that can be encountered with EEG data is determining where the electric 

signal in the brain originates. The problem with electrical signals is that they typically 

do not only get registered from one scalp channel. Instead, they are registered from a 

variety of scalp channels with different timestamps because the signal has to travel 

different distances to arrive. Independent Component Analysis (ICA) is a 

computational method used to separate a multivariate signal into additive 

subcomponents under the assumption that the subcomponents are non-Gaussian 

signals and statistically independent of each other.  

One way of understanding this problem is to use an analogy of a cocktail 

party. Imagine a cocktail party with two microphones: there is a singer and a music 

band as depicted in figure 6-3. 

*
Figure 6-3. The Cocktail Party example illustrates the difficulties working with EEG (Makeig S. , 2000). 

Both the singer and the music band produce a sound that is recorded by the 

microphones. The sound of the singer is completely independent of how loud the 
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band is playing. The signals have different distances to cross in order to reach the 

microphones. Given this information and the knowledge that there are only two 

different sound sources, it is possible to separate the different sources and get a 

clearer idea of what sound is coming from where. By using ICA, the sources can be 

located, see figure 6-4. 

 
Figure 6-4. EEG channels (yellow) record independent source signals from the brain. Note: the signals do not go 
through the air outside the skull, but is represented here to make it easier to understand (Makeig S. , 2000). 

Such as the context of the cocktail party and how the sounds are separated via source, 

this is similar to EEG data. However, rather than just two microphones, there are 

several, and instead of two singers, there can be many simultaneous sources. The 

image above illustrates how two completely independent local synchronies reach the 

same electrode, making the scalp signals non-representative of the sources. Hence, 

ICA helps isolate the source of each signal, both in the example of the cocktail party 

and with EEG data (Makeig S. , 2000). 

ICA is a computational method used to separate a multivariate signal into 

additive subcomponents under the assumption that the subcomponents are non-

Gaussian signals and statistically independent of each other.  

The data gathered from EEG scalp channels is a collection of simultaneously 

recorded single-channel data record. ICA creates a collection of concurrently 

documented outputs of spatial filters that is applied to the whole multi-channel data. 
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These independent component filters are chosen to produce the maximal temporal 

independent signals available in the channel data (Makeig S. , 2000) (Makeig, Bell, 

Jung, & Sejnowski, 1996) (EEGLAB). 

*

*
Figure 6-5 shows how the ICA decomposes the scalp data into Independent Component scalp maps, IC scalp 
maps, applied to Independent component activations, IC activations (Makeig S. , 2000). 

ICA decomposes the scalp data into IC scalp maps applied to IC activations, see 

figure 6-5. These IC scalp maps can include eye and muscle movement with the 

capabilities of blurring the data, thereby corrupting it. By removing artifacts that use 

the IC scalp maps, the ICA corrects the scalp data into artifact-corrected EEG 

(EEGLAB). 

6.4 Reverse-Inference-

Even with the current knowledge and equipment that researchers have, there is still 

much to learn about before researchers have a perfect understanding of the brain 

regions. Consequently, it is almost impossible to conclude what it means when one 

specific brain region is activated. Reverse inference makes conclusions based on 

studies that have shown activation due to some stimuli, which cause a certain reaction 

from participants. This does not mean that the stimuli or the reaction is only capable 

of activating that brain region (Genco, The Central Role of Emotions in Consumer 

Responses , 2013). 



Khalid Nassri  Cand.Merc.(mat) 

 

!
Exploring*the*Consumer’s*Mind*

!
! !

48 

 To better illustrate what reverse inference is, think about this scenario: 

Imagine that it rains and John takes his umbrella to work. Now, on a different day, 

John takes his umbrella to work. By using reverse inference, we can conclude that it is 

raining. However, John could have decided to take the umbrella with him for a 

plethora of reasons besides rainy weather; for instance, to provide shade from the sun. 

This highlights the dangers of concluding something without having a complete 

understanding of the situation (Genco, The Central Role of Emotions in Consumer 

Responses , 2013). 

 A famous example of reverse inference - concluding something without solid 

proof - is an article by branding expert Martin Lindstrom (2011. Lindstrom indicates 

that studies have shown activation in the insular cortex of the brain when you think 

about romantic love. In a different fMRI study, participants were asked to think about 

their iPhones. It was found that the same region that is associated with romantic love 

was activated. Lindstrom concludes that the participants must therefore have the same 

emotions towards romantic love as they do to their iPhones. However, this conclusion 

is far from accurate. According to many other fMRI studies, it has been found that the 

insular cortex is not only associated with love, but has also been found to be active in 

one-third of all mental states, such as anger. Hence, while reverse inference can be 

useful, it cannot be used to conclude drastic ideas (Genco, The Central Role of 

Emotions in Consumer Responses , 2013) (Lindstrom, 2011).  



Khalid Nassri  Cand.Merc.(mat) 

 

!
Exploring*the*Consumer’s*Mind*

!
! !

49 

7 Mixing-the-Theories-Together-

Economical theory builds on the assumption that people are rational individuals with 

access to all their obtained information at any given time. Daniel Kahnemann’s theory 

that people are not rational regarding decision-making has made leeway for a variety 

of new theories about the human psyche. Through multiple studies, researchers have 

shown that people are seldom rational, instead relying heavily on emotions to make 

decision. The theories have thereby moved away from the neoclassical way of 

thinking of the consumers. Companies can now better understand their consumers and 

design a product that suit consumers’�needs and desires rather than making products 

that do not capture the attention of the consumer.  

 Multiple studies have indicated that consumers do not browse through all the 

available products that suit their needs when they are at a supermarket aisle. Instead, 

consumers only focus on a small fraction of what is offered. Therefore, it is very 

important for product companies to grab the attention of the consumer by bottom-up 

processing and to make sure the consumer becomes aware of the other products’�
presence. In order to grasp the attention of the customers, it is possible to alter the 

product’s� appearance in order to stand out amongst competing products. The 

manufacturer of the products should aim to activate System 1 of the consumer, 

thereby making the purchase an automated decision without deliberation. If, on the 

other hand, System 2 is activated, more brain resources will be spent in effort to 

determine which product to purchase. By studying the brain’s functionality and 

people’s behavior, it is possible to test if people elicit the reaction that the companies 

desire. This gives companies a big advantage against competitors. 

 If System 2 processing is activated, it means that the decision is not automated 

and that a consumer will take many different factors into account. As previously 

elaborated, prospect theory states that losses can emotionally impact consumers more 

than gains; this means that consumers want to be certain that they will not regret 

losing their money on a product. The way the product is presented by either 

highlighting the gains or the losses can affect the sales of the product significantly. 

Hence, presentation is key.  

The reward system is very important when it comes to experiencing emotional 

gains as it impacts an individual’s shopping experience, labeling it as enjoyable or 
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unpleasant. The brain collects information from past experiences and learns to expect 

rewards for future events, releasing dopamine in anticipation of the reward. This is 

known as positive feedback.  

The motivation for buying is influenced by the prefrontal cortex gamma 

waves, which determine approach motivation or withdrawal, depending on the 

relative activity of the right and left hemisphere of the PFC. The product will 

expectantly invoke relatively strong left PFC activity, which indicates approach 

motivation towards purchasing a product (Davidson R. J., 2004).  

7.1 Empirical-Methods-

To solve my problem formulation, I conducted a study with mobile eye tracking and 

mobile EEG. The choice of the neurophysiological tools combination ensured that I 

could track what products the participant paid attention to, while simultaneously 

analyzing how the participant reacted (PFC asymmetry) at the exact moment the 

participant looked at a particular product. Due to limitations of the mobile EEG 

equipment, I cannot be assured of the spatial precision of the measurements of the 

PFC, so I will look at the complete frontal cortex (FC). 

The setup of the measurement tools is presented in figure 7-1. Here a 

participant is wearing the Tobii Mobile Eye tracking glasses and the Emotiv Mobile 

EEG headset: 

 
Figure 7-1 A participant is getting ready to commence the study. It is possible to see the mobile EEG on the head 
of the participant and the mobile eye tracking glasses worn just like regular glasses. The majority of participants 
said they did not notice the gear after a little while. 
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8 Hypothesis-

In relation to the current studies, revelations and theories about consumer choice, I 

created three hypotheses to examine when customers make their product purchase 

choices. 

8.1 Hypothesis-1-

Visual attention as how long a customer looks at a product; how many fixations there 

is on a product; and the order the product is viewed play a significant effect in 

determining what product the customer chooses. 

To help solve this hypothesis I have divided it into three statements: 

1.A-

The amount of time a customer looks at a product can predict what 

customers choose. 

1.B-

Product fixations alone can predict what customers choose. 

1.C-

The order in which the customer views the products can determine 

what product the customer chooses. 

8.2 Hypothesis-2-

The price of the product determines the outcome of the customer’s choice. 

8.3 Hypothesis-3-

The Frontal Asymmetric Index (FAI), which represents motivation, is a variable that 

can determine the customer’s choice. 
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9 Study-

In order to create a thorough investigation where it would be possible to analyze 

participants in a non-evasive manner, I created two different studies, which I will now 

elaborate on in the following section. 

9.1 Study-1-&-2-

Studies 1 & 2 were structured similarly, differing only slightly with the products 

assigned to the participants. The products for study 1 were as follows: a cordless 

hammerdrill, a bathroom sink, sample of a floor, a kitchen setup and a multimeter. 

For study 2, the setup was the same but multimeter was replaced with a cablecutter. 

There was a total of 12 multimeters the participants could choose from, and a total of 

17 cablecutters. (See appendix 2 for instructions.) 

Both studies had two different versions to them: Version A and Version B. 

The difference between A and B was the order in which the task instruction was 

written. This was to eliminate any bias that could occur. If participants were asked 

only to solve the assignments in one particular fashion, a bias could arise from the 

order in which the participant interacted with the products or how long the participant 

stayed in the store. At the same time, participants were instructed that they were able 

to do the tasks in any order they felt like, in order to refrain from making participants 

feel limited. The studies were made to simulate an everyday shopping situation for the 

customer.  

The studies were made in-store; therefore, there could be a variety of external 

factors influencing the participants’ purchase decision, such as non-participating 

customers affecting the participants. 

9.1.1 Equipment-

The studies were conducted with a mobile eye tracker and a mobile EEG. 

The mobile eye tracker was from Tobii Glasses, running at 30 Hz. The mobile EEG 

was from Emotiv; with 14 channels Emotiv EPOC running at 128Hz that is wirelessly 

connected to a hacked Smartphone, a Samsung Galaxy Note v1 that ensures data 

collection from the mobile EEG. Additionally, data such as signal quality, 

accelerometer and gyroscope was also collected. 
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Figure 9-1 illustrates the 10-20 system, and the red circles indicate the electrode placement of the Emotiv headset 
that was used. The reason why T7, T8, P7 and P8 are indicated in black is due to the reason that they were 
renamed from T3, T5, T4 and T6 (Malmivuo, 1995). 

The Mobile EEG has 14 electrodes located through the 10-20 International system of 

Electrode placement, see figure 9-1. The prefrontal Cortex is covered by AF3, F7, F3 

and FC5 on the left hemisphere, and FC6, F4, F8 and AF4 on the right hemisphere. 

The temporal lobe is covered by T7 and T8, the parietal lobe is covered by P7 and P8, 

and the occipital lobe is covered by O1 and O2. The Mobile EEG also has electrodes 

at the ears that work as ground lead.  

For the study, I used Emotiv EEGs that runs on 128 Hz (about 8 milliseconds 

per data input) and Tobii mobile eye tracking glasses that run on 30 Hz (about 33 

milliseconds per data input). In order to analyze the data, these devices had to be 

manually synchronized after the recordings. I did this by looking through the eye 

tracking video and synchronizing the data timestamp with the Samsung Note 1 that 

was wirelessly connected to the EEG. The Samsung Note 1 displayed every single 

millisecond that passed as soon as the EEG was switched on. This manual method of 

synchronization means that there is a margin of error of about ±41 ms (=33 ms + 8 

ms). Figure 9-2 further depicts the uncertainty of exactly how the video frame 

corresponds to the EEG data and the actual timings. 
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*
Figure 9-2 is showing the uncertainty stemming from the synchronization of EEG and eye tracking. 

9.1.2 Setup-of-the-Studies-

The studies were conducted in-store at one of the leading retail home improvement 

and appliance stores in North America. Hence, tests run in one of their retail stores in 

Toronto, Canada. The store was fully functional and had regular customers doing 

their shopping while the study was running. Employees were asked to interact with 

the participants in a normal fashion to ensure that the participants experienced as 

normal a shopping experience as possible. 

All participants were guided into a secluded area of the employee’s office area, 

where the mobile EEG and the mobile eye tracking were then mounted and calibrated 

to each participant. The tasks were then presented to the participants on a clipboard 

and participants were asked if they had read and understood the instructions. 

Following this, participants were guided to the main entrance of the store and set on 

their way to complete the tasks. When the tasks were complete, participants were 

instructed to complete payment at the counter for the chosen products, as if they were 

purchasing the products for themselves. This is where the study ended and they were 

stopped before they could purchase the products. Participants were then unmounted 

from the devices and provided with a debriefing session, in which they were asked 

about their opinions about the study they had just conducted and then given category 

cued questions about their in-store decision process and how they conducted their 

choices. They then received compensation for their participation in the study. The 

participants stayed in the store on average for 46.13 minutes ± 6.57.  
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9.1.3 Participants-

The study coordinator invited fifty Canadian participants of different ethnicities. Of 

those invited, 37 participants from the ages of 19-59 with a wide range of social 

statuses showed up and partook in the study. The participants were randomly assigned 

to the two studies. Due to faulty data, the number of participants had to be cut down 

from 37 to 31. Since the main focus of this project is on cablecutters and multimeters, 

I discounted 2 participants who were unable to locate these products. Hence, the study 

had a total of 29 participants aged 36.7 (±�10.66 years); 17 women and 12 men, all of 

whom were right handed, with normal or corrected to normal vision and no personal 

or family history of neurological or psychiatric conditions. In study 1 there were 13 

participants, while there were 16 participants in study 2. 
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10 Analytical-Method-

Due to the complexity of the mobile setup, it takes a bit of finesse to collaborate the 

different devices across the study, see figure 10-1. The mobile eye tracking glasses 

and the mobile EEG device were not synchronized for pretesting, so both devices 

required post-synchronization. In order to make this possible, the subject had to be 

fully mounted with the eye tracking and EEG devices before activating both devices. 

The EEG device had to be controlled in order to check if all the nodes were fully 

connected with the scalp. When the EEG was set, the eye tracking had to be calibrated 

to each participant; this calibration process was completed by making each participant 

stand completely still a meter away from a white wall and making them follow an 

infrared marker on 9 different points with their eyes. It was of utmost importance that 

participants do not move their head, as tracking was done for the slightest eye 

movement. This ensures that calibration of the eyes was suited for each participant, 

thereby optimizing data quality. The recording of the eye tracking glasses could now 

commence, as it was possible to synchronize with the mobile EEG at a later stage. 

 
Figure 10-1 shows the participants involvement in the study.  

The mobile EEG device is linked to a Samsung Galaxy Note v1, which records the 

data and shows a timestamp of every millisecond that passes. By holding the 

Samsung Note in front of the participant’s eye tracking glasses and displaying the 

counting milliseconds, it is possible to synchronize the video with the EEG data when 

analyzing the data. Since the eye tracking glasses are running on a 30 Hz frequency 

and the EEG device is on a 128 Hz frequency, there is a margin of error of 41 ms. 

Introduction*
• The*participant*is*welcomed*
and*signs*an*agreement*to*
participate*in*the*study*
against*100*Canadian*Dollars*
payment*

EyeNtracking*and*EEG*
equipment*
• The*participant*reads*the*
guidelines*for*the*pending*
task,*while*being*set*up*with*
eyeNtracking*and*EEG*

Calibration*
• The*participant's*eyes*are*
calibrated*in*order*to*ensure*
eyeNtracking*quality*

Study*
• The*participants*are*guided*to*
the*entrance*of*the*store*and*
will*now*commence*the*tasks.*

End*of*Study*
• The*participant*is*stopped*at*
the*cashiers*and*is*guided*to*a*
room*to*have*the*equipment*
removed*

Final*stage*
• The*participant*is*thanked*for*
the*participation*and*handed*
the*payment*
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 After the study is complete, the data from the eye tracking glasses is 

connected to Tobii Studios to export the video and to record the timestamps from the 

Samsung Note compared to the timestamp of the video. The data from the EEG is 

extracted to a computer and is then formatted to make it possible to import into 

Attention Tool along with the video. Before the EEG data is imported into Attention 

Tool, it has to be synchronized. The data is processed through a program made by Ole 

Jensen, the product director of iMotions. Jensen’s program synchronizes the EEG data 

with the timestamp found during the video export, resulting in more accurate timings.  

 The videos and the EEG data are then imported into Attention Tool, where it 

is analyzed frame-by-frame in the interval where the participants are at the multimeter 

or cablecutter task. For every product, an Area of Interest (AOI) is drawn, which 

allows researchers to see what is happening with the subject when looking at a 

product in the AOI.  

 Following this, the raw data is introduced into EEGLAB, an open source S 

toolbox made by Swartz Center for Computational Neuroscience (SCCN) of the 

Institute for Neural Computation at the University of California San Diego (UCSD). 

The program analyzes the data and removes bad channel input, and performs an 

Independent Component Analyzes (ICA), which enables the user to remove unwanted 

Independent Components manually. The processed data is then exported. 

 Ole Jensen created the next program, which aims to perform a Fast Fourier 

Transformation. This differentiates between the distinctive brain wavelengths from 

the raw signal. 

  When this is complete, it is now possible to calculate the Frontal Assymetric 

Index (FAI) score. Since I am only interested in the Gamma wavelengths for the FAI, 

these nodes represent the Gamma representation of these nodes. This is done using 

this formula: 
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In the equation F3, F7, FC5, AF3, F4, F8, FC6 and AF4 represent the data from each 

node. It is taken into account that if EEGLAB removes one node, the symmetrically 

opposite number has to be removed as well in order to preserve symmetry.  

All relevant data (Participant ID, Timestamp, visual fixation AOI, FAIγ and 

Buy) is combined as a CSV file and further analyzed through JMP version 9.0 by 

SAS. Through JMP, it is possible to test the temporal specificity of the FAIγ signals 

during product viewing, by making an exploratory analysis between FAIγ and product 

viewing time using General Linear Model (GLM). GLM is also used with the 

consumer’s choice (to buy or not to buy) as the dependent value, and the FAIγ as the 

independent value for the first 500 milliseconds of the participants viewing time, and 

with subject as a random factor. The electrodes that were not used - T7, P7, O1, O2, 

P8 and T8 - are modeled as regressors without interest. 
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11 Results-and-Analysis--

11.1 Hypothesis-1-

In order to conduct a thorough test, this hypothesis was divided into three sub-

hypotheses. All participants of the study were analyzed separately, ensuring more 

accurate results without the influence of others. Along with this, I created three tables 

to analyze each individual participant, each with specific goals: 1) To measure how 

much time each participant spent on the different products (See appendix 3.1); 2). To 

analyze how many fixations each participant had on a specific product (See appendix 

3.2); and 3). And a table ranking the order participants viewed each product (See 

appendix 3.3). Through these tables, it is possible to create a combined ranking 

system of the product that was eventually picked relative to the positioning of other 

products that were not subsequently chosen by taking into account the time, the 

fixations and the first fixations.   

 
Figure 11-1 

Figure 11-1 shows that 20 participants (out of 29) had most fixations on the product 

they subsequently bought. Out of this, 19 participants (out of 29) looked at the 

product they ended up buying the longest, while only 3 participants saw their product 

first. The participants looked at the products for an average of 31.01 seconds ± 37.09 

seconds before finalizing their choice. 

 I use a General Linear Model (GLM) in order to see if Fixation, Time or First 

Fixation has a significant effect on the subsequent choice. Here the dependent 
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variable is Fixation, Time or First Fixation and the independent variable is the 

subsequent choice.  

11.1.1 1.A-

From the GLM I observed: 

Buy ~ Time Estimate  STD Error z Value Prob> |t| 

(Intercept) -4.321837 0.515820  -8.379 p<0.001 

Time 0.011423  0.001724  6.626  p<0.001 
Table 11-1 

Based on the GLM shown in table 11-1, it can be derived that Time is a very 

significant factor (z=6.625, p<0.001) in determining the subsequent choice. Due to 

this data, I fail to reject hypothesis 1A stating that time affects the subsequent choice. 

By looking at the coefficients, it is possible to see how purchasing a product 

changes as a function of time. With the coefficient for time at 1.011 (95% Confidence 

Level: (1.008, 1.015)), it means that watching a product for a millisecond more is 

equivalent to a 1.1% raise ((1-1.011)=0.011=1.1%) in purchasing the product. 

By using GLM for the ranking I get: 

Buy ~ Time (ranking) Estimate  STD Error z Value Prob> |t| 

(Intercept) 1.5023 0.5279 2.846 p<0.005 

Time -1.2404 0.2449 -5.064 p<0.001 
Table 11-2 

It is visible from table 11-2 that the order of Time is a very significant factor (z=-

5.064, p<0.001) in determining the subsequent choice. Based on this feedback, I fail 

to reject the hypothesis stating that time affects the subsequent choice. 

Through analyzing the coefficients, it is possible to see how purchasing a 

product changes as a function of time. With the coefficient for time at 0.283 ((95% 

Confidence Level: (0.179, 0.466)), it means that a drop in the ranking of time can 

result in a 71.7% decline ((1-0.283)=0.717=71.7%) in the probability of purchasing 

the product. 
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11.1.2 1.B-

From the GLM I get: 

Buy ~ Fixation Estimate  STD Error z Value Prob> |t| 

(Intercept) -4.607255 0.556204  -8.283  p<0.001 

Fixation 0.014239 0.002221 6.413  p<0.001 
Table 11-3 

From table 11-3, Fixation was found to be yet another very significant factor 

(z=6.413, p<0.001) in determining the subsequent choice. Due to the analysis of this 

data set, I fail to reject the hypothesis stating that time affects the subsequent choice. 

By looking at the coefficients, it is possible to see how purchasing a product 

changes as a function of fixations. With the coefficient for time at 1.014 (95% 

Confidence Level: (1.010, 1.019), it means that fixation on a product for one more 

time suggests a 1.4% raise ((1-1.014)=0.014=1.4%) in purchasing the product. 

By using GLM for the ranking of fixation time I note the following: 

Buy ~ Fixation (ranking) Estimate  STD Error z Value Prob> |t| 

(Intercept) 1.3538  0.5057    2.677  p<0.01 

Fixation -1.1798 0.2331 -5.062 p<0.001 
Table 11-4 

Table 11-4 shows that the order of Fixation is a very significant factor (z=-

5.062,p<0.001) in determining the subsequent choice. Due to this, I fail to reject the 

hypothesis stating that fixation is related to the subsequent choice. 

It is possible to see how purchasing a product changes as a function of 

fixations by analyzing the coefficients. Based on the results, the coefficient for 

fixation was at 0.307 (95% Confidence Level: (0.195, 0.485). This means that a drop 

in the ranking of fixation results in a 69.3% ((1-0.307)=0.693) decline in purchasing 

the product. 

11.1.3 1.C-

From the GLM I get: 

Buy ~ First Fixation Estimate STD Error z Value Prob> |t| 

(Intercept) -1.91048  0.37693 -5.069 p<0.001 

Time -0.02046  0.06524 -0.314 p<0.754  
Table 11-5 
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Hence, first fixation is not a significant factor (z=-0.314,p<0.754) in determining the 

subsequent choice, leading to the decision to reject the hypothesis stating that the time 

to first fixation affects the subsequent choice. 

 If the bottom-up processes (visual saliency) were the main driver of the 

consumer choice process, then the first product that was spotted would be the 

subsequent choice with a high probability. From the results I gather that the visual 

saliency do not drive the process of choice in this situation. 

11.2 Hypothesis-2-

Hypothesis 2 tests if price affects the participant’s choice. In order to effectively test 

this, the two studies had products priced from $19.28 to $106.75. The mean price was 

$49.37 (±� 23.70).  By using this range, I hoped to test the effect of pricing on 

consumer choice. 

 
Figure 11-2 

The figure 11-2 above compares the price of the products (X-axis) with the number of 

products participants ultimately purchasing (Y-axis). Based on this data, there is no 

observable preference for a certain price range. 

Buy ~ Price Estimate  STD Error z Value Prob> |t| 

(Intercept) -1.274426 0.466616 -2.731 p<0.01 

Time -0.013752 0.008959 -1.535 p<0.12476 
Table 11-6 

The GSM model shows that Price is not a significant factor (z=-1.535,p<0.125) in 

determining the subsequent choice. This led me to reject the hypothesis stating that 

price affects the subsequent choice. 
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11.3 Hypothesis-3-

Hypothesis 3 states that the Prefrontal Asymmetry Index (PAI), which 

represents motivation, can determine a consumer’s choice, something that can also be 

measured by the Frontal Asymmetry Index (FAI). The difference between PAI and 

FAI is based on the areas that are measured; the FAI looks at the asymmetry of the 

entire frontal cortex, and the PAI only looks at a small area of the frontal cortex, 

mainly the prefrontal cortex. Following the theory of Craig, this should not have any 

negative influence on the measurements, but could potentially improve the results. 

The two studies I conducted are treated as one combined study, after ensuring that 

relative individual differences were taken into account (Craig, 2005). 

By analyzing the subsequent choice of participants and the FAI for gamma 

waves (FAIγ) for each 100 milliseconds (up to 1000 milliseconds), it is ranked how 

high the FAIγ is compared to the products that the participant does not end up buying.  

 
Figure 11-3, illustrates the amount of subsequent bought products (Y-axis), ranked 1, 2 or 3 according to their 
relative FAIγ score, regarding time (X-axis). 

Figure 11-3 illustrates the theory that the longer the consumer looks at a product that 

will be the subsequent choice, the more FAIγ activity is evoked. On the other hand, 

FAIγ activity is relatively low for products that do not end up as the subsequent 

choice. The rankings in this figure are 1, 2 and 3 out of 12. This is clearly depicted by 

a gradually increasing curve of the first ranking, where, given enough time, the FAIγ 

score is highest for the product that ends up being the subsequent choice.  
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Figure 11-4 illustrates the amount of subsequently purchased products (Y-axis), ranked 4-6, 6-9 or 9-12 according 
to their relative FAI score, regarding time (X-axis). 

Figure 11-4 complements the theory of figure 11-3, as there is an opposite effect for 

the rankings of 4-6, 6-9 and 9-12. In these figures, there is a diminishing effect of 

products in these groups, as they increase their FAIγ score and shift to the top three 

over time. 

The products that participants subsequently purchased evoked a significantly 

higher FAIγ score (Mean±Standard error of mean = 1.01±0.01) from the participants 

compared to products that the participants did not purchase (0.92±0.02, R2=0.64, 

Root Mean Square Error (RMSE) = 0.51, t=26.6, p<0.0001), see figure 11-5. 

 
Figure 11-5 shows*the*FAIγ*score*of*the*first*500*milliseconds*of*the*participant*looking*at*the*product*that*
is* purchased* or* not* purchased.* The* YNaxis* denotes* the* FAIγ* score,* and* the*whiskers* represent* SEM.* The*
brain’s* image* on* the* top* right* represent* the* neural* response* from* a* single* person* (axial* view,* nose*
upwards).*The*black*dots*illustrate*the*position*of*the*Emotiv*electrodes,*and*the*heat*map*represents*the*
spatial*distribution*of*the*gamma*power*spectrum*amplitude,*and*it*shows*that*the*activity*on*the*left*PFC*is*
greater*than*the*right*PFC.   
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The relationship between products purchased over time and the FAIγ�score were also 

explored. In other words, I tested to see if the predictive value of the FAIγ�score 

would change depending on the time spent looking at a product. 

The table 11-7 below shows the results of this question: 

Source DF Estimate Sum of Squares F Prob> |t| 

Timestamp 1 -2.0 11.3462 54.8571 p<0.0001 

FAIγ score 1 0.1 175.2959 847.5272 p<0.0001 

Timestamp x 

FAIγ score 
1 3.6 27.3627 132.2940 p<0.0001 

Table 11-7 showing the significant effect of time, FAIγ score and the interaction of the two. 

The table demonstrates a significant effect of both time and the FAIγ score, suggesting 

a significant interaction effect between the two.  

 

 
Figure 11-6 illustrates the relationship between the prediction of purchasing a product (Y-axis), with the FAIγ 
score (X-axis) and the time running to 500 milliseconds (Z-axis). 

Figure 11-6 supports this interaction between time and FAIγ�score. By looking at the 

figure, it is clear to see that there is a significant relationship between FAIγ�score and 
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purchase decision at first exposure. The longer participants are exposed to the product 

they will subsequently purchase, the stronger the relationship grows, as is evident by 

the steeper curve. The participant’s FAIγ�score works as a strong predictor for the 

outcome of the choice, especially when participants are exposed to the product for a 

longer time of period.  

 The debriefing revealed that all participants evaluated the products on hand, 

then looked at the price of the products, compared the products and prices prior to 

making a conscious choice of which product to purchase. This aligns with linear 

choice process, as individuals start from information seeking, then evaluation of 

options and, finally, conscious choice, as is demonstrated in figure 11-7. 

 
Figure 11-7 

Their experience of the choice process differs from what the EEG and eye tracking 

data shows, and indicates a sharp contrast of what individuals experience on a 

conscious state and what goes on in the unconsciousness. 

Information*
Seeking*

Evaluation*
of*Options*

Conscious*
Choice*
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12 Discussion-

12.1 Summary-of-the-Study-

The findings from this study give an insight into how individuals go about choosing 

the products. Even though individuals believe they are in full control of the decision-

making process and take their time to evaluate each and every product, the results 

show something different. The findings show that people do not look at every product 

on the shelf and do not pick the first product that they encounter. Instead, the product 

that they choose is the one they have looked at the longest and most frequently. Along 

with this, product price does not seem to be an indicator of the choice. The findings 

from the brain scan show that the decision is made at a split-second of looking at the 

product, rather than how the individual experiences the process. 

12.2 Discussion-of-Hypothesis-1-

Hypothesis 1 stated that visual attention plays a significant role in predicting the 

customer’s choice. For the sake of this hypothesis, visual attention was divided into 

three categories: the duration of time; the amount of fixations; and the order of first 

fixations.  

In sections 1.A and 1.B, we can see that the duration of time and the amount 

of fixations for a participant looking at a product significantly influenced the 

subsequent choice made by the participant. In a similar fashion, the ranking of the 

duration of time and the amount of fixations was significant for the subsequent 

purchase choice. This indicates that it is very important for a product to be viewed as 

many times as possible to be selected by a customer. This is very logical as 

consumers do not pick a product that they have not noticed as much as other products. 

A study conducted by the Warton School of Business found a positive and significant 

correlation between the amount of fixations on a product and the purchase intention. 

These results coincide well with the results obtained in this study, but do not explain 

the reason why the individuals look more frequently on the products. This might be 

because additional looks yield further consideration, because individuals look more at 

products that they already decided to consider, or may be due to the visual saliency 

attracting towards the product, or a combination of the three. The duration of the 
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fixations concur with a study by Clemson University and Klöckner PentaPlast, which 

showed a very strong correlation between the duration of looking at a product and the 

subsequent choice. This could be due to the brain bringing a product into attention by 

looking at it, thereby making it easier for the brain to process the information received 

and consider the choice. The strain could stem from the sheer difficulty of extracting 

information or the product is more engaging in someway compared to its nearby 

competitors (Just & Carpenter, 1976) (Poole, Ball, & Phillips) (Research, 2012) 

(Chandon P. , Hutchinson, Bradlow, & Young, 2006) (Poole & Ball, 2005). 

In section 1.C, we can see that first fixations are not significant in the choice 

made by the participants. One reason that first fixation is not a significant factor in the 

choice of product could be due to the consumer seeing the product shelf from afar, 

thereby first seeing the product from a distance. It is not until participants are closer to 

potential products that they are able to properly explore the product shelf. Hence, first 

fixations might not play a significant role as they occur from too far a distance for 

consumers to make a decision about a product. 

To measure an effect of first fixation, the whole product shelf should be 

presented at the same time, thereby eliminating any bias that may result in first 

discovering the shelf to looking at the products. Due to the nature of the study, this 

was not an option. If it were made through a stationary eye tracking study where the 

whole shelf in entirety was presented, it would be possible to see what product has the 

best attention grabbing properties (Byrne, Anderson, Douglas, & Matessa, 1999) 

(Poole & Ball, 2005). 

Since the eye tracking glasses have a limited video visual spectrum of 56 

degrees horizontal and 40 degrees vertical, there is a possibility that they affected the 

result of the fixations and the duration due to the possibility of the participant having 

fixations outside the glasses’ visual spectrum. The loss of fixations could also be due 

to eye tracking glasses losing the tracking of the pupils, which can happen in 

instances of bad lightning or too dark pupils. To account for this, some participants’ 

results were removed from the data analysis. Some participants would still experience 

loss of pupil tracking; these fixations are not accounted for and thus could possibly 

affect the result. When reviewing the videos of the participants, I found that most 

participants had constant fixations on the products, making the loss of pupil tracking 

minimal at the crucial intervals of this study.  
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Figure 12-1 shows the shelf layout in the store three times for the cablecutter on the left side and multimeter on 
the right side. The upper figure 12-1-A shows the price of each product and a heat map indicating choice, where 
the darkest color is most times and the lowest is the lightest color. The middle figure 12-1-B shows the total 
duration of time for each product. And the bottom figure 12-1-C shows the total amount of fixations for each 
product. For a more detailed view see appendix 4.1-4.6. 

Figure 12-1 depicts which products were chosen, along with the heat maps for 

duration and amount of fixations participants had on the products. While the left side 

displays the shelf layout for cablecutters, the right side displays the shelf for 

multimeters. The heat map illustrates different things. For figure 12-1-A, it indicates 

the participants’� choice, signifying more popular items by darker colors. 12-1-B 

denotes the total duration of time spent on each product, while 12-1-C shows the total 

amount of fixations for each item.  

Studies have shown that the shelf position of a product can influence quality 

expectations. This is corroborated when noting that the product placement on the top 

shelf compared to that on the bottom shelf significantly altered the consumers’ 

perception of the quality of the product. This is due to the positive inference 

associated with a high location, in which consumers believe that the higher a product 

is placed, the better and more popular it is (Raghubir & Valenzuela, 2006) (Chandon, 

Hutchinson , & Bradlow, Does In-Store Marketing Work? Effects of the Number and 
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Position of Shelf Facings on Brand Attention and Evaluation at the Point of Purchase, 

2009). 

 To account for the influence of product positioning in product perception, 

most products were placed in the middle or top shelf in this study, and the other parts 

of the shelf were filled with products other than the target products. Along with this, 

consumers were supplied with a variety of choices for both cablecutters and 

multimeters. In the case of the multimeters, three products were placed on the far 

right of the shelf and received minimal –�if any –�attention. This could indicate that 

participants did not notice these products were present, as they were not close to the 

center of the shelf, where the majority of products were placed. This only further 

demonstrates the importance of attention on the product to be noticed and, ultimately, 

chosen. The heat maps also support the results that fixations and time of duration have 

a significant effect on the final purchase decision.  

 From the figure 12-1 and results gathered, it is possible to theorize that 

participants did not take easily to the task, simply purchasing the first product that 

they saw; rather, they spent on average of 31 seconds looking at the different products 

before making a decision. From the post-interview phase, we learned that most 

participants did not have any experience with the products used in the study and were 

therefore novice to this specific product selection. This could potentially have resulted 

in more meticulous and thought out decisions compared to if the participants were 

familiar with these products.   

12.3 -Discussion-of-Hypothesis-2-

Hypothesis 2 predicted that price would play a significant factor towards the choice of 

the customers. Upon testing this hypothesis, however, the results demonstrated the 

opposite of this hypothesis. 

 The results indicate that the price is not significant in determining the 

customer’s choice. This can be seen by the indication of no clear preference for price, 

as elaborated in figure 11-2. It could have been interesting to look at actual sales 

numbers regarding these products to see if the same trends towards price holds true. 

Unfortunately, this was not made possible, as I was unable to gain access to this sales 

information. A study by Shiv, Carmon and Ariely shows that the price of a product 

can potentially signal higher quality for the consumers, especially in products that 

customers are not familiar with. Since customers have no preference towards price 
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and do not simply choose the product they see first (as is depicted in the results for 

hypothesis 1), we can further build on the theory that the participants did not take 

lightly to the task at hand. Despite the knowledge that they would be reimbursed for 

their purchase, which could potentially lead participants to carelessly choose the 

highest priced product, participants bided their time, making their final choice based 

on their potential needs (Shiv, Carmon, & Ariely, 2005). 

 Ariely theorizes that the product consumers first notice with the intention to 

buy serves as an anchor for the price of the product chosen (Ariely, Predicatble 

Irrationality, 2008). By combining the data from the first fixation with the prices of 

the products, we can calculate the average difference between the first seen product 

and the subsequent choice. Through this calculation, we find an average difference of 

69.31% (±74.11%). However, this does not indicate that participants were affected by 

the anchor effect. Instead, this could be because some participants did not envision the 

first product they noticed as an intended purchase. In some cases, product anchors 

may have helped participants compare prices. For example, if there was a product 

priced at $106.75, participants might have seen this as expensive compared to a 

similar product costing $29.97.*

12.4 Discussion-of-Hypothesis-3-

Hypothesis 3 predicted that the frontal cortex asymmetry index could act as a signifier 

for customer choice. 

 From the results, it is possible to see that both the FAIγ� score and the 

interaction between time and the FAIγ score are significant. These results correspond 

well with the theory that the FAIγ� score can measure motivation, approach and 

avoidance. The first result regarding the FAIγ�score tells us that there is a significant 

difference between viewing products with the intention to purchase and approaching a 

product that the consumer subsequently purchases without the prior intention of 

purchasing the product.  

 These results correspond well with hypothesis 1, which states that time is 

significant, as there is a significant interaction between time and the FAIγ�score. This 

is visible from figure 11-6, which depicts that the FAIγ�score increases with the time 

spent looking at a product that the participant subsequently buys compared to a 

product that is not purchased. This gradient rising effect is also visible from figures 
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11-3 and 11-4, in which the subsequent choice rises in ranking as participants spend 

more time observing the products. This insinuates that the FAIγ scores are, in fact, 

directly correlated to the actual choice rather than simply being a passive and 

emotional response. This further suggests that FAIγ scores act like a predictive value, 

increasing over time as participants execute their purchase decisions.  

 It has been difficult to consistently replicate results made by experimenters 

regarding FAIγ scores. This can be due to the various situational influences that can 

drastically affect the results. Basal cortisol, a hormone controlled by the 

hypothalamus, is strongly correlated with relatively greater right frontal cortex 

activity. Basal cortisol is involved in a variety of tasks, such as the regulation of blood 

pressure and the insulin release for maintaining blood sugar levels, amongst other 

processes. Basal cortisol levels are higher during the morning, decreasing throughout 

the day. Similarly, the seasons can affect basal cortisol levels in the FC as in the 

summer and spring there are lower levels of basal cortisol than in the fall and winter. 

Since this study was conducted in February in Canada, with the majority of 

participants arriving early in the morning, the basal cortisol baseline for each 

participant would be relatively higher compared to if the study was conducted during 

a summer night, where the levels might be very low. However, the results have not 

had any noticeable impairment based on the time and season, leading us to believe 

that the results would remain consistent regardless of the time of day and season. One 

explanation for why basal cortisol levels did not affect participants might be due to 

the fact that participants were all Canadian, and thus accustomed to the cold 

wintertime (King, et al., 2000) (Oyane, Bjelland, Pallesen, Holsten, & Bjorvatn, 2008) 

(Buss, Malmstadt Schumacher, Dolski, Kalin, Goldsmith, & Davidson, 2003) 

(Harmon-Jones, Gable, & Peterson, 2009). 

* An aspect excluded in this study is the effect of the amount of products 

presented by the retailer. For the purpose of the study, there were 12 different 

multimeters and 17 different cablecutters to choose from. While it is typically seen as 

positive to have a variety of items for customers to choose from, it can be argued that 

there is such thing as ‘too many products’, which may result in a negative customer 

experience. When choosing a product, consumers compare the different options, 

choosing the product they prefer. This causes the consumer to reject other options, 

thereby experiencing a loss from the choice of not choosing the other products, and a 
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gain from the chosen product. If there are too many alternatives, the loss outweigh the 

gain and consumers have a negative buying experience. Prospect theory states that 

losses are emotionally interpreted more than gains. Hence, it is possible for 

consumers to have a negative impact based on too many choices (Chernev, 2003) 

(Huffman & Kahn, 1998).  

Another byproduct of too many choices is the amount of energy exasperated 

by trying to compare too many products. The process of comparing the different 

alternatives is very energy consuming for the brain and can dramatically affect the 

cognitive workload experienced by the consumer. Because this did not affect the 

purpose of the study, I did not measure the cognitive workload to see if there was an 

immediate difference between consumers discovering a few products compared to 

consumers seeing the whole range of products available (Chernev, 2003).  

After the study, a debriefing session was held to allow participants to reflect 

on their conscious recollection of their experience. Through this, we found that 

participants described their product choices as being decided prior to the actual choice 

execution, rather than during the initial product viewing. This suggests that early 

neural markers of choice in this study are likely unconscious approach-avoidance 

motivational responses, which influence the probability of a choice being made for 

that particular person, rather than being part of a conscious deliberative process. Due 

to the strong suggestion of FAIγ relationship with time and choice, there may be a link 

to an increased awareness when making the decision. All of this is only further 

corroborated by previous studies linking gamma synchrony to consciousness (Baars, 

Franklin, & Ramsøy, Global workspace dynamics: cortical "binding and propagation" 

enables conscious contents., 2013) (Green, Doesburg, Ward, & McDonald, 2011) 

(Ramsøy, Nassri, Clement, Storm, & Bagdziunaite, 2014). 

12.5 Discussion-of-the-Study-Setup-

The uncertainty of ±41 ms from the eye tracking glasses, as previously mentioned in 

the analytical method section, is a small and acceptable amount that could not have 

been reduced unless the devices directly communicated and were running on the same 

frequency, which was not an option. Since the results analyzed are more than 500 ms, 

the difference of ±41 ms should not have a significant impact on the outcome of the 

study. 
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 Another issue brought about by the eye tracking frequency is the analysis of 

the video. Since the rate is at 33 ms per frame, which corresponds to the length of a 

saccade (20-40 ms), it can be challenging to figure out exactly what the participant 

was looking at and for how long, since saccades do not send any visual information to 

the brain to be processed; however, this could be an acceptable uncertainty, because 

of it being so minuscule. 

 A design flaw of the Tobii Eye tracking Glasses is the fact that the video feed 

is only able to record a visual spectrum of 56 degrees horizontal and 40 degrees 

vertical. This could affect the eye tracking data, since some fixations can happen 

outside the video’s visual spectrum.  

 A problem that originates from the EEG device is that electrodes could 

potentially have dried, thereby losing signal quality. The EEGLAB program from 

SCCN, which analyzes the raw data and removes bad channels, is responsible for 

addressing the issue about dry electrodes.  

 The participants could have altered the position of the mobile eye tracking 

glasses or the mobile EEG, which would result in imprecise fixations from the eye 

tracking and areas from the brain that do not correspond to what I intended to 

measure. Careful instructions to participants kept this risk at a minimum. Participants 

who shifted their equipment during the study were carefully removed from the 

analysis phase due to the harm this could potentially cause the integrity of the study.  

The EEG is not able to register activity below the cortex of the brain, leading 

to some restrictions within this study. Since there were limitations with the equipment 

used, it has not been possible to see if the motivational responses from the participants 

stem from activity in the prefrontal cortex or from within the anterior insula, nor was 

it possible to investigate if this activity resonates in the cortex, as proposed by Craig. 

If technology in the future enables researchers to easily navigate and pinpoint 

activation in a mobile setting, we might be able to solve this question along with other 

theories concerning the brain’s activity (Craig, 2005). 

 For this study, we employed EEGLAB for the Independent Component 

Analysis (ICA). EEGLAB is a semi automatic method in which the program analyzes 

the raw EEG data and detects potentially bad EEG channels and artifacts that could 

influence the results. Artifacts could include muscle movement or external noise, such 

as electricity from lightning or mobile devices. Due to the disturbance that mobile 
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devices might create, we requested that the participants left their mobile phone with 

us in order to minimize external signal noise.  

Following this process, the researcher decided whether to accept or reject the 

artifacts. As a result, this could mean that some artifacts could have been overlooked 

or not removed entirely when they should have been discounted. By carefully looking 

through the results of each participant, we were able to remove artifacts, drastically 

minimizing the potential of overlooked artifacts in this study. 

12.6 What-Businesses-can-Gain-from-this-Study-

The study conducted can help further the ability to market products, thereby providing 

a potential for improving businesses. Businesses can use this study and study setup to 

gain usable and reliable data that they would not be able to gather simply by asking 

their customers. When using the conventional method of asking participants about 

product preferences or what they encountered in the store, the conscious part of 

experience is activated and the researcher misses out on the unconscious part of the 

consumer experience, where a plethora of useful information can be extracted.  

 Conducting a study with mobile eye tracking glasses and mobile EEG gives 

researchers invaluable insight about the average shopping experience of consumers. 

While this study has focused on attention, price and motivation as factors of product 

decision, other focuses can range from the ease of navigating a store and finding 

products to the store layout, ensuring that customers have an enjoyable stay. Along 

with this, product manufacturers can employ this research to test how consumers 

unconsciously react to their products, ensuring that their products receive attention. 

 By focusing solely on attention in this study, it is possible to deduct which 

products draw participants’�attention and what it is participants focus on when looking 

at a product. This gives stores and product manufacturers alike useful information, 

such as which parts of the shelf gain the most attention, what product placement 

draws the consumer, and how product packaging can be improved to make the 

product more salient. The possibility of altering the store layout or simply changing a 

product’s placement is an excellent way to see if there is an influence on participants’�
behavior and product choice. Although this study shows that the choice is not affected 

by the first fixation of the product, visual saliency can still play its part on choosing 

the product. A new and useful tool called NeuroVision has been developed and 

focuses on the visual saliency of a picture in order to estimate what participants are 
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looking at with 80% accuracy. While goal-oriented top-down attention can be 

challenging to accurately estimate what a person is noticing, bottom-up attention 

happens automatically and can therefore be predicted with the latest technology from 

NeuroVision (Ramsøy, NeuroVision). 

 Combining eye tracking data with choice and price level of products makes it 

possible to see if consumers are actually affected by the prices of the products or if 

they focus on what it is that the products offer without much regard for the price. 

From this study, it is clear to see that the price was not a significant indicator of 

choices made by the participants, as it only played a minor role. However, pricing 

may influence product choice in other categories. This theory could be tested by 

shifting the prices of the products or even by examining if product choice differs 

depending on shelf placement. From the eye tracking data, it would be possible to see 

if participants’�fixations shift, thereby influencing their choice of product, as well as if 

it suits their preconception of the shelf layout, where higher quality products are 

located on the higher half of the shelf.  

 Using EEG data to support the eye tracking data provides a whole new 

dimension for analyzing the participants experience in the store. From EEG data, we 

can calculate metrics such as cognitive workload, emotional engagement and 

motivation. In this study, we used motivation as the sole metric, as this informs us if 

the participant is experiencing an approach or avoidance emotion towards the product 

the participant is considering. Motivation provides businesses very useful insight into 

how customers perceive their products, as well as what it is that may motivate 

consumers to buy specific products. Along with this, EEG provides the opportunity to 

measure cognitive workload. This would allow businesses to test the packaging of a 

product to see if there is too much information that could potentially confuse 

customers or, alternatively, too little information that could bore the customers. Along 

with this, EEG offers the opportunity to test store layout, such as if the store layout is 

displaying too much or too little information, thereby negatively impacting the 

consumer’s experience. 

Emotional engagement is a great way to measure the state of emotions 

displayed by participants at any given moment. This could range from the emotional 

engagement of a consumer while browsing a particular section of the store or simply 
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when the consumer is looking at a specific product. Emotional engagement thereby 

gives invaluable insight about the emotional response towards a specific product.  

 Through this research, businesses are supplied with invaluable information 

that would be unattainable simply by asking people about their consumer experiences. 

This study setup could help improve the store layout and product placement, thereby 

allowing customers to have a better and more enjoyable experience. By improving 

consumer experiences, businesses are able to distinguish themselves from traditional 

means of data collection, ultimately giving these businesses an edge over their 

competitors.  
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13 Quality-Control-of-the-Study-
This section will discuss the study’s overall validity through examining the study’s 

construction, internal and external validity, reliability, and the Hawthorne effect. 

13.1 Validity-
In empirical and experimental sciences, certain demands must be upheld in order to 

achieve validity of a study. This ensures that the application and outcome of the study 

is related to the gathered results –�in other words, through testing validity, the study’s 

conclusions can be acknowledged as solid (Zikmund & Babin, 2009). In this case, the 

validity of this study is based on determining if the equipment used to measure the 

results actually measured what was intended. Therefore the concern of validity lies 

within the measurement processes and the relationship between the measured and the 

natural. 

 One of the factors that can undermine an experiment’s validity is if 

participants are given wrong instructions, thereby causing participants to behave 

differently than expected. To address this issue, the experimenters followed a solid 

study procedure, which was ascertained by a video testing if participants properly 

understood their tasks. Due to this, it is possible to eliminate certain participants that 

have not understood the instructions, working to prove the validity of this study.  

13.1.1 Construct-Validity-

Validity of construct is evaluated to determine test validity. The theories applied in 

this thesis have been converted into actual measures through the study conducted. 

From carefully defined characteristics and traditional consumer behavior, biological, 

psychological, and psychophysical perspectives, the research laid out is argued to be a 

valid fundamental construction. Empirical evidence supports this construction. The 

established critically review of the literature has further strengthened the construct 

validity as a means to construct a procedure to comply with it. Threats towards the 

construction, such as the potentially limited scope of this thesis, have been taken into 

account when formatting the research. 
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13.1.2 External-Validity-

External validity is the ability to generalize the result in a manner to which the results 

are significant and generalized so the results are not specific to the participants of the 

study (Saunders, Lewis, & Thornhill, 2009). In this study, the external validity could 

be argued to be moderate, in the sense that the study was conducted in an external 

setting with little controlled stimuli that could influence the participants to behave 

differently than they would in an everyday situation. Simultaneously, participants 

wore equipment to monitor their eye movements, which could have a potential social 

impact due to the glances and questions of other customers. However, in the 

debriefing session following the study, participants continuously stated that the 

equipment did not bother them, thereby reducing this problem. In some cases, the 

participants stated that they forgot that they had the equipment on, alluding to the idea 

that this study very much resembled a normal shopping experience. The difficulties 

regarding the equipment makes it challenging to replicate the exact same results as 

received in this study. Regarding the synchronization of the EEG and the eye 

tracking, a complete synchronized system would allow a much-improved validity, due 

to a lack of human error. Along with this, an automatic system whereby the area of 

interests is drawn by a software program could minimize human error and improve 

the validity of the study. 

  The EEG data collection could be improved by using a different setup with for 

instance an EEG headset from Advance Brain Monitoring (ABM) with a higher 

resolution and frequency that can be recorded. ABM’s own software takes into 

account the different noise and interference that can occur in the study, thereby 

removing human error from the analytics of the data. Furthermore, the metric for 

motivation uses gamma frequencies that are normally very sensitive to outside noise, 

making it not an optimal measure. Slow potentials, delta frequencies, have been 

shown to give a more accurate account for motivation and are less affected by noise. 

(Birbaumer, Elbert, Canavan, & Rockstroh, 1990). Taking all these things into 

consideration, it can be argued that the external validity is moderate in this study.   

13.1.3 Internal-Validity-

The internal validity builds on an assessment of the study design and study procedure 

to examine if the study was dependable. Since the study conducted followed precise 
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and repeatable methods, this can be reasoned. As the study takes place in a non-

laboratory environment, it is difficult to remove unwanted stimuli that can affect the 

response of the participants and outcome of the study. However, since we wanted the 

experiment to revolve around a normal setting where these various stimuli can affect 

individuals differently, the placement of the study outside of a lab was vital to the 

study. When participants found the shelf that contained the product they were 

instructed to purchase, they reported that they were unaffected by their surroundings; 

therefore the surroundings and lighting was kept at a constant. The limitations of a 

real world situation are typically very difficult to remove, which confines the study 

from obtaining internal validation.    

13.2 Reliability-

Reliability deals with the dependability of the study’s methods and is insured by the 

documentation of the study procedure and methodology in order to allow other 

researchers to replicate the experiment and obtain the same results and conclusions. 

This thesis can be assumed to be very reliable since the study procedure and study 

methodology is reproduced in details. This would allow researches the ability to 

replicate the study and yield the same results (Yin, 2003) (Karpatschof, 2007). 

However, since humans are very complex, it is possible to experience 

inconsistent measures. The psychological state of the individual could have an impact 

on the results, which could differ depending on each participant. As such, though the 

results should be replicable, it is still possible that human factors lead to inconsistent 

results. 

Along with the issue of human differences, it is important to note the issues 

that may surround EEG use, which may result from EEG noise and bodily artifacts 

encountered. For instance, muscle tensions, eye movement and blinking can affect the 

prefrontal cortex results. Recognizing these complications is of great importance to 

the data analysis conducted in this thesis. The EEG can also be misplaced, which 

could significantly alter the results. The placement of the electrodes is very crucial for 

the correct measurement of the lateralization. The consequence of this critique has 

been taken into account, and researchers were very careful when working on the 

placement of the EEG electrodes. Furthermore, it has not been possible to calculate a 

baseline measure of the brain activity for each participant, creating difficulties in 
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analyzing the data. In order to overcome this complication, mathematical algorithms 

were applied, thereby providing a closely accurate understanding of this.  

Since the study took place in a store during working hours, the employees who 

helped guide participants around the store may have influenced the reliability of this 

study. This could alter the natural experience of the participant and be a limitation in 

reliability. In effort to account for this, employees were instructed to behave naturally 

around participants, thereby making the study more reliable. 

13.2.1 Hawthorne-Effect-

The Hawthorne Effect is defined by alteration of the participants’�behavior due to 

their hyper-awareness of being observed. Participants may alter their behavior in 

efforts to satisfy what they believe the experimenter is interested in or disguise their 

true feelings due to social norms. By limiting the information given to the participants 

regarding the purpose of the study, I attempted to prevent participants from 

intentionally acting in accordance to what they believed the researchers wanted. To 

prevent the Hawthorne Effect, participants were given identical instructions with 

limited information in compliance with the research design described earlier, thereby 

aiming to gain the participants’�real unbiased reactions. 
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14 Conclusion-
The main objective of this thesis was to examine the decision-making process when 

consumers decide to purchase a product and whether it would be possible to predict 

purchase behavior, while also assessing what this research could mean for businesses.  

Through the use of neuromarketing tools such as mobile eye tracking, mobile EEG, 

and computational neuroscience, it was possible to examine the research problem.  

 In terms of answering the research problem, aspects from traditional and 

neuroscience perspectives of the decision-making process were introduced. From a 

neoclassical perspective, consumers make deliberate, completely rational and 

conscious choices –�a perspective that is challenged from a neuroscientific view. The 

neuroscientific perspective challenges the notion of the rational customer with the 

conceptualization of unconscious processes of consumer decision-making, stating that 

the consumer is irrational and easily affected by stimuli that can alter the consumer’s 

choice. This view acknowledges the highly complex nature of consumer behavior and 

the difficulties in deducting conscious experiences into actual consumer behavior. 

 From the results gathered, I can conclude that time spent looking at a product, 

the ranking of the time spent, the fixations on a product, or the ranking of the 

fixations on a product are a significant factor in predicting the subsequent choice of 

purchase. Moreover, the results show that the first fixation is not a significant factor 

in predicting purchase behavior. The video evidence gathered shows that first fixation 

is an insignificant factor as the first product consumers see is from a distance, when 

they first search for the product’s location. This could affect the participant’s 

judgment, as they are not able to see the product in the same details as the rest when 

approaching the shelf.  This goes to show that grabbing the attention of the consumer 

is a very important factor in the selection of a product, but it does not necessarily 

mean that the first product noticed is the subsequent choice.  

 Based on the results regarding the influence of product price on consumer 

choice, we can conclude that the price of the product is not a significant factor for a 

consumer’s purchase choice. When taking this in consideration with the results from 

the first fixation, we can conclude that the anchoring effect of the first product seen is 

nonexistent, since there is an average difference of 69.31% (±74.11%) on the first 

product and the subsequent choice.  
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 The results for the PAI show a significant factor when predicting the 

subsequent choice, meaning that the left PFC activity is higher than the right PFC 

activity while looking at the product of choice compared to other products. This is 

supported by the graduating effect of the PAI ranking, whereby the ranking of the 

subsequent choice moves towards the three products with the highest PAI scores 

when approaching one second of observation.  

 Based on the debriefing of the participants, we deducted that participants were 

making decisions based on the linear choice model, in which they start by seeking 

information, subsequently evaluating options, which leads to their conscious product 

choice.  

 The results gathered from the study give a clear indication that consumer 

decision-making can be traced to the immediate split second neural response that 

precedes any conscious consideration of choice. This finding is sustained by previous 

studies conducted, which demonstrated the significant role of unconscious neural 

responses that initiate decision-making without conscious awareness. Chartrand et al. 

demonstrated that by exposing participants with unconscious triggers, it is possible to 

affect the participant’s choice and motivate them to approach certain brands*

(Chartrand, Huber, Shiv, & Tanner, 2008).*

* These findings give businesses and researchers alike valuable information 

about the processes of their consumers. Through this research, businesses can learn 

how to better understand their consumers, while researchers will be able to create 

studies that answer questions that they could not answer with traditional methods. 

Through neuromarketing, it is possible to access the unconscious part of the human 

psyche and understand the customers better and improve stores to give customers a 

pleasant experience while also maximizing sales. 
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15 Future-Research-
This section creates a framework for future initiatives to help advance the results and 

insights assembled by this thesis.  

 This is the first time a study has been designed to test the motivational 

measure at an in-store environment rather than a more controlled lab setup. The 

findings from this study align with the results from previous studies in controlled 

environments, reaffirming that the study was structured in a manner that could be 

useful in future neuromarketing research The study setup could help answer questions 

that might not be as easily studied in a controlled lab setting (Ravaja, Somervuori, & 

Salminen, 2012). 

 First of all, a more advanced and thorough understanding of the brain would 

increase the validity of the research found in several studies including this thesis. This 

advancement would mean greater scientific knowledge and contribute to the ability to 

predict consumer behavior. A better understanding of the brain would make it 

possible to comprehend the inner works of approach and avoidance motivation, which 

could be used in many different formats, such as in commercial advancement, where 

it can function as a better prediction of consumer behavior towards certain products.  

 Further studies could be made to validate the results collected in this thesis, 

and should result in the same conclusions, even if different products are used. This 

leads to an abundance of opportunities to explore for future research. Therefore, if a 

study were altered to change the store layout, it would be possible to discover a 

difference in perception of the participant, either through attention or by metrics, 

emotional engagement, motivation or cognitive workload. Likewise, exposing 

participants with different stimuli before the experiment, such as advertisement, could 

potentially reveal the effect of the advertisement on the products in the store 

(Ramsøy, Nassri, Clement, Storm, & Bagdziunaite, 2014). Cross-cultural differences 

might also be discovered if participants were divided into cultural segments, along 

with examining the shopaholic phenomenon further (Bagdziunaite, 2012). 

By refining the equipment available and making the study less intrusive to the 

participants, results might be more valid, as the study would more closely replicate a 

real world situation. Specifically, the mobile EEG could have better spatial precision 

and a higher frequency, which would more precisely inform the researcher about the 
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participants’ responses. Furthermore, a change from an EEG that uses salient water or 

a lubricant to an EEG with dry electrodes would improve the data quality of the 

experiment, since it would minimize the chances of a bad electrode.  

 The improvement of the coordination between the two devices could help 

increase the validity of the test. Improving the equipment of the mobile eye tracker 

would make for a less invasive experience for the participant; moreover, through 

improving the camera and eye tracking functions in the mobile eye tracking glasses, 

there would be an increase in the data quality.  Hopefully, a device will be developed, 

combining eye tracking glasses, an EEG headset that can measure with high 

resolution, and a gyroscope, which would analyze the data fluently while 

simultaneously cleaning the data of any noise created by the movement. This could 

result in more streamlined, high-quality results. 

 Through conducting in-store experiments, the full effects of product 

placement can be better understood in a way that might not be achieved through 

studies conducted in a laboratory setting. Supplementary studies can help businesses 

discover the effects of product placement on shelves, where the effects can stem from 

quality and price. Not only would this help verify effects found in laboratorial studies, 

but also this research would help businesses with product placement, ensuring that 

products are placed where the consumer will notice. Additionally, the price of a 

product could be altered to see the participants’� emotional reaction and further 

understand how consumers perceive products at various costs.  

 Through this thesis research comes a better understanding of how consumers 

perceive products, creating a potential for the field of marketing to become more 

substantive. Through further research and development of neuroscience, businesses 

may be able to better comprehend consumers’�mental responses to both current and 

future marketing strategies, as well as improving store layout in general. 

Neuromarketing has potential for a vast amount of research, which has the potential to 

positively impact businesses through improving product marketing everywhere.  
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16 Appendix-1-

16.1.1 Behavioral-measures-

Behavioral measures are very good at getting a big quantity of information at a low 

price. Typical behavioral measures are what market researchers tend to use, as in 

questionnaires, sample testing, blind testing or changes in in-store setup to see 

changes in sales (Ramsöy, 2011). 

16.1.2 Facial-expressions-

The human face can illustrate a wide variety of different emotional expressions. They 

can be observable expressions, as those seen in frowns, smiles or crying, or they can 

be unobservable expressions, that are indicated by micro-muscle contractions that are 

associated with either negative or positive emotions. Put these parameters together 

and facial expressions are a good indicator of the state of emotion, also called 

valence. Recent research in facial expressions puts doubt into the reliability of the 

results, showing to big an emotional fluctuation in a doll experiment (iMotionsGlobal, 

2013) (Barden, 2013). 

16.1.3 Galvanic-Skin-Response,-GSR-

GSR measures the skin conductivity of the participant and can therefore be used to 

detect changes in the participant’s state of emotion. It works by measuring the 

electrical conductivity in the skin, which varies due to the level of moist on the skin as 

a result of sweat. The sympathetic nervous system controls the sweat glands, so if the 

sympathetic nervous system is highly aroused, the sweat gland activity will increase, 

resulting in higher skin conductivity (Martini & Bartholomew, 2003). 

16.1.4 Respiration-and-heart-rate-

The heart rate of a human has been found to slow down momentarily when there is 

need for attention. A fast heart rate and deep breathing is associated with excitement, 

while shallow breathing and fast heart rate can indicate concentration or panic. These 

measures are a good indicator of the human state of mind (Genco, Introduction, 

2013). 
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16.1.5 Cognitive-games-

There are multiple cognitive games that the participants can experience to measure for 

instance; risk taking, IQ, creativity test and how quickly they can adapt to changes. 

These games are typically presented in addition to other studies in order to get a 

reading on how well the participants fare in different settings (Ramsöy, 2011). 

16.1.6 Response-Time-

In order to measure the unconscious brain processes, response time is an excellent 

tool. By testing the strength of association between different concepts, the 

unconscious brain reveals it self by interfering with the speed of the response, either 

by making it faster or slower. This is typically used if you prime a subject with a word 

that is shown at a speed that only the unconscious brain registers, typically around 37 

ms. (Genco, Introduction, 2013). 

16.1.7 SingleTUnit-Recording,-SUR-

The most precise method to record regions of the brain is by SUR. By either external 

or internal needles, it enables us to pick up axonal spikes, which are believed to be 

crucial in transmitting and receiving information. Typically there will be picked up 

dozens or even hundreds of neurons in a single study. But SUR has its downside as 

well, SUR has made a big assumption that the neurons that are being measured, 

represents the whole brain region that is investigated. Another downside is the fact 

that the needles can inhibit or increase activity due to the mere presence of the 

needles. Since it is a very invasive procedure, this is only done to either animals or 

humans with medical conditions that require surgery in the brain (Baars & Ramsöy, 

The Tools: Imaging the living brain, 2007). 

16.1.8 Functional-Magnetic-Resonance-Imagine,-fMRI-

fMRI is a very expensive and effective way to measure brain activity. When the 

neurons in the brain activate they consume oxygen, and a drop of oxygen is present in 

the particular region that has been activated and a flow of new oxygen is incoming. 

This process is called BOLD, Blood-oxygen level dependent. Oxygen in the brain 

travels through the blood, and blood contains iron, the fMRI can track the iron level in 

the region by the big magnet in the MRI scanner. Participants are typically asked to 

lie down inside the MRI scanner where the study is undergoing, and the participant 
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has to be very steady with his or her head. Due to the fact that it is a very expensive 

procedure, and creates a very artificial environment, neuromarketing researchers do 

not prefer this technique (Genco, Introduction, 2013) (Baars & Ramsöy, The Tools: 

Imaging the living brain, 2007). 

16.1.9 Positron-emission-tomography,-PET-

This measure is also a very expensive and very invasive method to measure metabolic 

brain activity and it requires a cyclotron. It works by injecting people with a 

radioactive tracer that can be linked to different molecules, which indicates the 

distribution of neurochemical receptors. The cyclotron reads the gamma rays emitted 

by the tracer, and software can make a 3D image of the brain. Due to the fact that it is 

a very expensive procedure, and creates a very artificial environment, neuromarket 

researchers do not prefer this technique (Baars & Ramsöy, The Tools: Imaging the 

living brain, 2007). 

16.1.10 Magnetoencephalography,-MEG-

MEG measures the magnetic field caused by the electrical activity in the brain. It is a 

silent and non-invasive method. The spatial resolution is about a few millimeters and 

the temporal resolution is in milliseconds. The spatial resolution is better than EEG 

that is explained a little further down. The physics of the magnetic fields that decays 

at a distance makes MEG better for superficial measurements. MEG uses Magnetic 

Source Imagine, MSI, to co-register the magnetic sources of the brain. MSI creates 

anatomical pictures of the brain. Due to the fact that a MEG scanner needs to be 

operated with magnets at superconductive temperatures, it makes it harder to work 

with (Baars & Ramsöy, The Tools: Imaging the living brain, 2007). 
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17 Appendix-2-

17.1 A1-

 

Your trip to Lowe’s 
A1 

 

Please follow these instructions. For each task there is a place to go and a task to do. 

Feel free to spend time on other items and places in the store 

 

1. Bathroom! area:* Your* bathroom* needs* a* new* sink.* Please* go* to* the*
bathroom*section*and*choose*a*bathroom*sink*that*you*would*like*to*have*
in*your*own*home.*

• Please*write*the*product*name*here:_________________________*
 

2. Kitchen!area:!You*need*to*remodel*your*kitchen.*Please*go*to*the*kitchen*
area*and*choose*a*setup*of*your*preference*that*would*suit*your*home.!

• Please*write*the*kitchen*name*here:________________________!
 

3. Floor! area:! You* plan* to* redecorate* your* office,* and* in* particular* to*
replace*the*current*floor.*Please*locate*the*floor*section*and*choose*a*floor*
color*that*you*would*like*to*have*if*you*were*to*redecorate*your*office.!

• Please*inspect*the*different*colors*and*options,*and*write*down*the*
product*name*here:______________________________!

 

4. Electrical!devices:!You*have*promised*to*buy*a*multimeter*for*a*friend.*
Please*go*to*the*section*with*electrical*devices.!

• Choose*a*multimeter*of*your*choice*and*put*it*into*your*cart.*
 

5. Drills! section:! *You*need*a*new*cordless*hammer*drill.*Please*go*to*the*
drills*section,*have*a*look*at*the*different*hammer*drills.*

• Please*choose*the*hammer*drill*that*you*prefer*and*place*it*in*your*
cart.*

 

6. Exit:!Please*go*to*the*counter*to*register*your*purchases.*
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17.2 A2-

Your trip to Lowe’s 
A2 

 

Please follow these instructions. For each task there is a place to go and a task to do. 

Feel free to spend time on other items and places in the store 

 

1. Drills! section:! *You*need*a*new*cordless*hammer*drill.*Please*go*to*the*
drills*section,*have*a*look*at*the*different*hammer*drills.*

• Please*choose*the*hammer*drill*that*you*prefer*and*place*it*in*your*
cart.*

 

2. Electrical!devices:!You*have*promised*to*buy*a*multimeter*for*a*friend.*
Please*go*to*the*section*with*electrical*devices.!

• Choose*a*multimeter*of*your*choice*and*put*it*into*your*cart.*
 

3. Floor! area:! You* plan* to* redecorate* your* office,* and* in* particular* to*
replace*the*current*floor.*Please*locate*the*floor*section*and*choose*a*floor*
color*that*you*would*like*to*have*if*you*were*to*redecorate*your*office.!

• Please*inspect*the*different*colors*and*options,*and*write*down*the*
product*name*here:______________________________!

 

4. Kitchen!area:!You*need*to*remodel*your*kitchen.*Please*go*to*the*kitchen*
area*and*choose*a*setup*of*your*preference*that*would*suit*your*home.!

• Please*write*the*kitchen*name*here:________________________!
 

5. Bathroom! area:* Your* bathroom* needs* a* new* sink.* Please* go* to* the*
bathroom*section*and*choose*a*bathroom*sink*that*you*would*like*to*have*
in*your*own*home.*

• Please*write*the*product*name*here:_________________________*
 

6. Exit:!Please*go*to*the*counter*to*register*your*purchases.*
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17.3 B1-

Your trip to Lowe’s 
B1 

 

Please follow these instructions. For each task there is a place to go and a task to do. 

Feel free to spend time on other items and places in the store 

 

 

1. Bathroom! area:* Your* bathroom* needs* a* new* sink.* Please* go* to* the*
bathroom*section*and*choose*a*bathroom*sink*that*you*would*like*to*have*
in*your*own*home.*

• Please*write*the*product*name*here:_________________________*
 

2. Kitchen!area:!You*need*to*remodel*your*kitchen.*Please*go*to*the*kitchen*
area*and*choose*a*setup*of*your*preference*that*would*suit*your*home.!

• Please*write*the*kitchen*name*here:________________________!
 

3. Floor! area:! You* plan* to* redecorate* your* office,* and* in* particular* to*
replace*the*current*floor.*Please*locate*the*floor*section*and*choose*a*floor*
color*that*you*would*like*to*have*if*you*were*to*redecorate*your*office.!

• Please*inspect*the*different*colors*and*options,*and*write*down*the*
product*name*here:______________________________!

 

4. Electrical!devices:!You*have*promised*to*buy*a*cablecutter*for*a*friend.*
Please*go*to*the*section*with*electrical*devices.!

• Choose*a*cablecutter*of*your*choice*and*put*it*into*your*cart.*
 

5. Drills! section:! *You*need*a*new*cordless*hammer*drill.*Please*go*to*the*
drills*section,*have*a*look*at*the*different*hammer*drills.*

• Please*choose*the*hammer*drill*that*you*prefer*and*place*it*in*your*
cart.*

 

6. Exit:!Please*go*to*the*counter*to*register*your*purchases.*
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17.4 B2-

Your trip to Lowe’s 
B2 

 

Please follow these instructions. For each task there is a place to go and a task to do. 

Feel free to spend time on other items and places in the store 

 

1. Drills! section:! *You*need*a*new*cordless*hammer*drill.*Please*go*to*the*
drills*section,*have*a*look*at*the*different*hammer*drills.*

• Please*choose*the*hammer*drill*that*you*prefer*and*place*it*in*your*
cart.*

 

2. Electrical!devices:!You*have*promised*to*buy*a*cablecutter*for*a*friend.*
Please*go*to*the*section*with*electrical*devices.!

• Choose*a*cablecutter*of*your*choice*and*put*it*into*your*cart.*
 

3. Floor! area:! You* plan* to* redecorate* your* office,* and* in* particular* to*
replace*the*current*floor.*Please*locate*the*floor*section*and*choose*a*floor*
color*that*you*would*like*to*have*if*you*were*to*redecorate*your*office.!

• Please*inspect*the*different*colors*and*options,*and*write*down*the*
product*name*here:______________________________!

 

4. Kitchen!area:!You*need*to*remodel*your*kitchen.*Please*go*to*the*kitchen*
area*and*choose*a*setup*of*your*preference*that*would*suit*your*home.!

• Please*write*the*kitchen*name*here:________________________!
 

5. Bathroom! area:* Your* bathroom* needs* a* new* sink.* Please* go* to* the*
bathroom*section*and*choose*a*bathroom*sink*that*you*would*like*to*have*
in*your*own*home.*

• Please*write*the*product*name*here:_________________________*
 

6. Exit:!Please*go*to*the*counter*to*register*your*purchases.*
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18 Appendix-3-

18.1 3.1-Time-

18.1.1.1 Cablecutter-

Time A B C D E F G H 

1017 328 429 265 
 

5687 1156 1500 
 

1018 1970 1554 1196 430 2226 11061 
  

1020 930 1758 2461 530 
 

2408 805 
 

1021 
  

196 101 797 265 63 
 

1022 23446 35041 2062 1266 335 7103 102 
 

1023 5836 625 235 531 1054 
 

765 133 

1024 1500 7867 2063 1196 133 17881 5063 336 

1025 367 
   

1366 5235 4335 195 

1026 1633 2594 
   

1929 
  

1027 1164 2593 7203 2633 
 

1797 
  

1028 
        

1029 367 1922 8774 930 
 

2532 
  

1030 
  

1000 
   

1931 
 

1032 2070 195 
 

133 102 
  

688 

1033 
    

164 602 
  

Total time pr product 39611 54578 25455 7750 11864 51969 14564 1352 

Total purchases 0 1 2 0 1 4 0 1 

Time / Purchase 0 54578 12728 0 11864 12992 0 1352 

 

I J K L M N O P Q Total Time 

         
9365 

   
31 164 

    
18632 

 
102 

       
8994 

897 634 2266 594 790 
  

2063 6290 14956 

 
94 

 
3851 16785 100897 9391 3164 

 
203537 

  
1898 226 696 704 2625 18702 

 
34030 

         
36039 

1532 
 

2765 
    

430 
 

16225 

 
235 

       
6391 

         
15390 

13248 750 7477 3616 1571 
  

5217 1071 32950 

         
14525 
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2931 

1828 289 2098 3798 2584 399 17547 1500 5048 38279 

492 
 

398 468 336 
 

672 15648 2328 21108 

17997 2104 16902 12584 22926 102000 30235 46724 14737 
 

0 0 0 1 0 1 1 2 1 
 

0 0 0 12584 0 102000 30235 23362 14737 
 

 

18.1.1.2 Multimeter-

Time A B C D E F G H I J K L 
Total 

time 

1002 18944 3057 2568 4265 4563 5250 
  

1321 1930 2266 696 44860 

1003 10728 1219 
  

20948 438 562 
     

33895 

1005 5712 328 2085 
 

5976 
 

367 
     

14468 

1006 1132 8612 8155 12586 31 2343 16540 1133 1430 2266 836 5780 60844 

1007 1696 2860 805 399 2524 1336 18017 
 

601 71 398 1571 30278 

1008 4913 11580 3536 594 3304 1960 
 

1656 539 132 
 

4518 32732 

1009 1094 1382 16399 11172 31 
    

195 
 

429 30702 

1010 3166 5227 2947 1258 391 1797 
   

164 1258 1297 17505 

1011 8713 7626 4390 3187 1124 1921 930 
    

234 28125 

1013 2462 1734 1594 
 

6336 3742 1570 31 
  

31 
 

17500 

1014 3179 62 
  

3125 1827 
      

8193 

1015 2696 18275 24027 2999 7625 5594 8586 
 

1828 805 3499 2462 78396 

1016 
  

195 797 
 

766 156 
 

12516 703 
 

1890 17023 

1040 3462 4235 860 203 766 633 
  

32 1367 
  

11558 

Total time pr 

product 
67897 66197 67561 37460 56744 27607 46728 2820 18267 7633 8288 18877 

 

Total 

purchases 
4 4 1 1 1 0 1 1 1 0 0 0 

 

Purchase / 

Time 
16974 16549 67561 37460 56744 0 46728 2820 18267 0 0 0 
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18.2 3.2-Fixations-

18.2.1.1 Cablecutter-

Fixations A B C D E F G H I J K L M N O P Q 
Total 

Products 

1017 2 3 1 
 

10 3 1 
          

6 

1018 7 5 2 1 8 12 
     

1 1 
    

8 

1020 4 4 1 2 
 

8 1 
  

1 
       

7 

1021 
  

2 1 3 1 1 
 

2 2 4 3 2 
  

4 15 12 

1022 16 42 3 2 3 12 1 
  

1 
 

4 17 75 8 3 
 

13 

1023 5 3 1 1 5 
 

2 1 
  

4 2 2 1 4 10 
 

13 

1024 2 13 3 1 1 22 5 1 
         

8 

1025 1 
   

2 6 2 1 2 
 

1 
    

1 
 

8 

1026 2 3 
   

2 
   

1 
       

4 

1027 2 3 5 2 
 

1 
           

5 

1028 
        

14 4 9 6 3 
  

10 4 7 

1029 1 4 12 3 
 

3 
           

5 

1030 
  

1 
   

6 
          

2 

1032 8 3 
 

1 1 
  

2 3 2 
1

1 
14 10 2 18 3 7 14 

1033 
    

1 1 
  

1 
 

1 1 1 
 

1 12 3 9 

Total views 11 10 10 9 9 11 8 4 5 6 6 7 7 3 4 7 4 
 

Total 

purchases 
0 1 2 0 1 4 0 1 0 0 0 1 0 1 1 2 1 

 

Purchase / 

Views 

0

% 

10

% 

20

% 

0

% 

11

% 

36

% 

0

% 

25

% 
0% 

0

% 

0

% 

14

% 

0

% 

33

% 

25

% 

29

% 

25

%  

18.2.1.2 Multimeter-

Fixations A B C D E F G H I J K L 
Total 

Products 

1002 20 7 4 4 7 8 
  

4 3 2 2 10 

1003 17 3 
  

40 2 2 
     

5 

1005 10 1 7 
 

17 
 

1 
     

5 

1006 3 12 21 17 1 4 13 3 1 3 1 9 12 

1007 5 6 3 1 3 4 18 
 

3 1 2 2 11 

1008 14 21 15 2 12 6 
 

3 2 1 
 

11 10 

1009 3 6 28 25 1 
    

2 
 

3 7 

1010 10 10 6 5 2 3 
   

1 2 1 9 

1011 15 10 8 8 4 3 2 
    

1 8 
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1013 5 5 2 
 

10 9 5 1 
  

1 
 

8 

1014 11 1 
  

7 2 
      

4 

1015 5 31 38 10 14 5 8 
 

5 5 6 10 11 

1016 
  

1 4 
 

1 2 
 

12 3 
 

6 7 

1040 6 8 5 1 2 1 
  

1 2 
  

8 

Total views 13 13 12 10 13 12 8 3 7 9 6 9 
 

Total purchases 4 4 1 1 1 0 1 1 1 0 0 0 
 

Views / Purchase 31% 31% 8% 10% 8% 0% 13% 33% 14% 0% 0% 0% 
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18.3 3.3-First-Fixation-

18.3.1.1 Cablecutter-

18.3.1.2 Multimeter-

First Fixation A B C D E F G H I J K L Total Products 

1002 2 1 3 4 8 9 
  

6 5 7 10 10 

1003 3 4 
  

1 2 5 
     

5 

1005 5 3 4 
 

1 
 

2 
     

5 

1006 12 9 8 7 1 5 3 2 10 6 11 4 12 

1007 1 7 6 11 2 3 9 
 

4 5 10 8 11 

1008 8 3 1 6 4 5 
 

10 7 9 
 

2 10 

1009 1 2 3 6 4 
    

7 
 

5 7 

1010 2 7 5 3 8 1 
   

9 6 4 9 

1011 4 3 2 1 7 5 6 
    

8 8 

1013 6 4 5 
 

1 8 3 2 
  

7 
 

8 

1014 2 1 
  

4 3 
      

4 

1015 7 8 4 3 6 5 10 
 

9 2 11 1 11 

1016 
  

7 6 
 

1 2 
 

5 4 
 

3 7 

1040 2 4 5 8 1 3 
  

6 7 
  

8 

First 

Fixation 
A B C D E F G H I J K L M N O P Q 

Total 

Products 

1017 2 1 3 
 

4 5 6 
          

6 

1018 5 7 4 8 1 6 
     

3 2 
    

8 

1020 7 4 3 2 
 

5 6 
  

1 
       

7 

1021 
  

2 3 7 6 1 
 

10 4 11 9 12 
  

8 5 12 

1022 5 6 11 12 1 4 13 
  

2 
 

8 9 3 7 10 
 

13 

1023 2 3 4 5 1 
 

13 12 
  

6 7 10 9 11 8 
 

13 

1024 6 5 7 8 2 1 3 4 
         

8 

1025 7 
   

8 2 1 3 4 
 

5 
    

6 
 

8 

1026 3 2 
   

4 
   

1 
       

4 

1027 3 2 4 5 
 

1 
           

5 

1028 
        

2 1 3 6 4 
  

7 5 7 

1029 5 4 1 2 
 

3 
           

5 

1030 
  

2 
   

1 
          

2 

1032 1 5 
 

3 14 
  

6 7 4 8 10 11 2 13 12 9 14 

1033 
    

1 2 
  

6 
 

4 8 7 
 

9 5 3 9 
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19 Appendix-4-

19.1 4.1-Cablecutter-–-Price-and-Choice-

 

19.2 4.2-Multimeter-–-Price-and-Choice-
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19.3 4.3-Cablecutter-–-Total-Duration-of-Time-

 

19.4 4.4-Multimeter-–-Total-Duration-of-Time-
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19.5 4.5-Cablecutter-–-Total-Amount-of-Fixations-

 

19.6 4.6-Multimeter-–-Total-Amount-of-Fixations-
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