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ABSTRACT

THE ROLE OF PREFRONTAL CORTEX IN PURCHASING DECISIONS:
AN OPTICAL BRAIN IMAGING STUDY

Akcé, Onur
Master of Science, Department of Cognitive Science
Supervisor: Assist. Prof. Dr. Murat Pegita k € r

January 201473 Pages

In economic decisions, an agelnas to determine the expected utility of each option.
Decision making processes during purchasing are based on the evaluation of costs and
benefits of the products. Past research shows that the préfrorigx region of the brain is
activated while indiiduals evaluate the qualities and the prices of products in order to make
purchasing dasions. The aim of this studg to use functional nednfrared spectroscopy
(fNIRS) to investigate the activatioms the prefrontal cortex angarticulaty in the nedial
prefrontal cortex during purchasing decisions. The participaet® asked to state their
purchasing preferences for a series of products based on their prices in a decision making
task. Throughout the task, the oxygenation levels in different pattse prefrontal cortex

were measured via théNIRS method. The participants also €itl out surveys about their

daily usage and price evaluation for each product. Participant decifdlRS data and

survey resultsvereanalyzed together to investigdte relationship between various aspects

of purchasing preferences and prefrontal cortex activatidresresults of the study revealed

that there is a significant difference in the level of oxygenation of the prefrontal cortex areas
between positive ahregative purchasing decisions

Keywords: Decigin making, Puwhasing, Prefrontal corte®\IRS
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SATIN ALMA KARARLARI NDA PREFRONTAL KORTE!
BKR OPTKK BEYKN G¥R! NT!LEME ¢ALI KkMAS

AKcC é, Onur
Ma st e elBiliBlerBP k ¢ m¢
TezY° neti &i §i Do- ©OakéemMur at Perit

Ocak 201473 Sayfa
Ekonomi k kararl ar séraseénda, bir ajan her S €
Sat én al ma séraséndaki kar ar ver me S¢re-
dejerlendiritdtenmasli| ender.i nBier eyl er sat én al ma
creéenlerin niteliklerini ve fiyatlaréené deje
aktive olduju ge-mik arakteéermal arda g°steri.l
s ér asréenfdao ng al korteks ve °zellikle de medi.y
fonksi yoinneflr ayraeckdée nspektr oskopi si (fNIRS) meto
karar verme g°revinde kateéel émceéel ar dummak bi r di
satén alma tercihlerini belirtmel eri i st enmi
késeahdaki oksij é&mNIl & Smanes ediuy @ller i®l - ¢l m¢gkt ¢
her bir orén i -in genl ¢k kul | dain éamikétlarr é vV e
dol dur muktur . Kat él emcé kararl ar e, f NI RS ve
ve prefrontal korteks aktivasyonlarénén - ek
i ncel ehani xkKmanén sonu-starenpabkmai kaverhagat a
korteks b°l gelerinin oksijenlenme seviyeleri
AnahtarKelimeler: Karav er me, Sat én al niMIRS Prefront al kor f
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CHAPTER 1

INTRODUCTION

All human beings have to go through several decisions and conflicts everyday
Regardless of their significance, each d
In particular, financial decisions carry an importance since they facilitate commercial
exchange between individuals. Because of this reason, there has beerasingcr
interest towards the cognitive processes underlying finbde@sions, especially in

thefields of psychology, neuroscience and economics.

In classical economics, individuals are seen as rational agents in regards to decision
making. According tathis view, the process of decision making is based on the
evaluation of the costs and benefits of each option and the corresponding probability
of the occurrences of these options (Edwards, 1954). Empirical research of human
decision making demonstratedsignificant conflict between this view of rational
decision making and actual human behavior. Subsequently, several theories of
decision making were developed in an effort to form a more realistic framework
which can account for human behavior. Amongséhdheories, the theory of
Expected Utility(EU) describes a set of axioms to expl#ne subjective aspect of
option evaluation (Neumann & Morgenstern, 1944) and the Prospect Theory
accounts for the inconsistencies observed in risk taking behavior a@oess

settings of options (Kahnem&nTversky, 1979).



On the other hand, the framework of bounded rationality opposed the view that
humans use advanced decision making algorithmsoptimize the utility of
theoutcomes (Simon, 1956). Herbert Simon goeed that it was not feasible to
optimize the decision processsdue to the fact that the ability of our cognitive
facultiesis finite and also it is not possible to have complete information of our
environment and alternatives in many decisiottirggs. Instead of optimizinghe
proposed thathe application of aet of simple decision rules could be enough to

achieve highly successful outcomes (Gigerenzer&Selten 2002).

In the last decades, the studies of decision making in the field of conbahearior

have explored the behaviors in relation to product selection processes. In a typical
shopping setting, a consumer has to solve a decision problem which involves many
alternative product attributes and categories. It has been shown that peeapégen
collect information regarding the product alternatives from mainly two sources:
sensory information and memory retrieval (Biehal&Chakravarti, 1988% process

of product evaluation can be influenced by a variety of factors such as product
categoization (Moreau et al., 2001) or brand comparison (Huber et al, 1982). During
the decision making procegbie selection of the product can be based on specific
attributes of the products (Sanbonmatsué& Fazio, 1990) or the subjective feelings of

theconsumeregarding the produc{®ham et al., 2001).

Decision making processes have been extensively studied in the field of neuroscience
in an effort to provide a neurobiological basis for psychological constructs such as
bounded rationality and satisficing thare not easy to quantifyfhe literature on

brain functionsthat areresponsible for the evaluation and selection of the options
show that there are two main networks which @awle in guiding our decisions.

One of these networkis the limbic systemwhich is comprised of a number of
subcortical structures. These areas of the brain are generally responsible for affective
functions and emotional processing. The second network is the prefrontal cortex

which is located in the frontal part of the braineBubcomponentsf the prefrontal



cortex carry out the executive functions during decision making behavior (Sztnfey
al., 2006).

Among the areas of the prefrontal cortex, the medial prefrontal cortex (MPFC) and
the dorsolateral prefrontal cortex (DLPFGave been consistently shown to be
involved in the decision making processes. The medial prefrontal cortex is
responsible for the evaluation of options. In decision making experiments, MPFC is
activated during product evaluation (Paulus & Frank, 2003)fiaadcial decisions
(Basteret al, 2010). The dorsolateral prefrontal cortex is involved in working
memory (Jonides et al., 1996) and executive functions. The activation of DLPFC is
closely related tohe activation oMPFC (Deppet al, 2005) and it redates MPFC
functions during decision making (McClueeal.,2004).

The research method used in this studyrusctional neamfrared spectroscopy
(fNIRS) which is a nonrinvasive, lowcost, optical brain imaging method. It @
neuroimagingmethod which tilizes neafinfrared light to detect the change in the
oxygenation levels in the brain tissue (Bueicaal, 2006). fNIRS has been
successfully used in many types of experimental studi@iseidomain of cognitive
sciencelt has been used in order to istigate numerous aspects of neural activation
such as the magnitude of cognitive | oad

al, 2007) and impact of stress on mental performance (akho2013).

fNIRS has also been used in decision making research. There have been a number of
fNIRS studies which investigate the role of prefrontal cortex activations in executive
functions such as product selection (Kumagai, 2012), risk assessment (Holper, 2014),
financial investment (Shimokawea al, 2009) and price prediction (Mitsuda et al.,
2012). Although the decision making processes regarding economic behavior have
been extensively studied via fNIRS and other imaging methods such as fMRI in the
field of cognitive ruroscience, there has not been many studies investigating the
activation patterns in the prefrontal cortex regarding the behavior of consumers

within a realistic purchasing environment.
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In order to address this issuilie current studyaims to investigatethe role of
prefrontal cortex regions in a product purchasing setting. Additigriayrelation of
participant preferences and the usage frequehdlye productsn daily life and the
participant s 6 maetarycvalye bfithe prodocts asohmeasuredro

this end,a purchasing preference task was designed and the brain activations during
the experiment ere recorded via thdNIRS method. Participants were presented
with 78 products, each with a suggested price, and were asked whetheothdy

like to buy the product for its suggested priceitidlly, a pilot study with 14
participants was conductetihe results of the pilaxperimentded to the main study

with larger number of participants, an enhanced task design and two participant
surveys regarding their daily usage of the products and the price they would be
willing to pay to purchase each product. The main study was carried out in two
stages. In the first stage, 28 participants were asked to state their purchasing
preferences for group of products and their corresponding prices. In the second
stage, 30 people participatedn the experiment and they were given money to
purchase some of the products they were presented during the task

There ardour main hypotheses of the study:

H1:. There is asignificant difference betwedhe positive ad negative purchasing

decisionsamong the oxygenation level of MPFC and DLPFC

H2: Participants will show an increased preference of purchasing for the products
which theyaremore familiar with (products with higher frequency of daily

usage)

H3: The reaction times for positive and negative preference responses are

significantly different.

H4: The effects mentioned in the Hypotheses 1, 2 and 3 are more pronounced in
the monetay condition in which the participants were given money to create

real purchasing decisions compared to themometary condition.



In the following chapter, the literature on the decision making processes, purchasing
preferences and their neurologicalderpinnings are reviewed. Chapter 3 explains
the method of the study in detail, Chapter 4 describes the results of the study and
Chapter 5 discusses the findings of the study in the light of the literature.






CHAPTER 2

LITE RATURE REVIEW

In this chapter,heories of decision making from the perspectives of psychology and
economics will be briefly reviewed. After that, neuroscientific findings on decision
making mechnismswill be explainal. Lastly, the studiethat influencedhis thesis

research will bsummarized

2.1 Economic Approaches to Decision Making

The classical theory of expected value assumes that during the decision making
process, the rational decision maker estimates thiayubf each option by
multiplying the amount of payout and its probability of occurrence (Edwards, 1954).
However, this view of decision making often fails to account for the majority of

decision making in our lives.

The St. Peters Paradox, which was pg® by Nicolas Bernoulli was an example of
such a conflict between expected value theory and human behavior. The paradox
describes a gambling game comprised of a sequence of coin flips. The game starts
with a bet of 1 dollar. If the head appears in it& flip of the coin, the player wins

a dollar. In the next game the bet is doubled and if the head side of the coin appears,
the player wins 2 dollars. In every repetition of the game the bet is doubled in this
way. The game can be repeated as long @pldyer wants until the tail side of the

coin appears. If the tail appears, the player loses the game and has to give up all the

money he has acquired until that point. According to the expected value theory, the

7



price of joining this game can be calcelkhtby the multiplication of 50% and the
payoff of each repetition and adding all the values of repetitions to calculate the total
value of the game. This would result in the estimation of an infinite amount for the
value of joining this game. However a seaable decision maker would not be
willing to pay a huge amount of money to join this game. The paradox stems from
the conflict between the calculated infinite value of the game and the unwillingness

of humans to pay such a price.

In 1738, Daniel Bernoulli proposed an explanation for this conflict. He suggested

that the value of the game should not be determined in absolute terms, but it should

be calculated by takinmto account the subjective value attributed to the game by

the cecision maker. According to this view, the subjective value would be the utility

of the game for the player, which was called the expected utility. The magnitude of

the expected utility changes logarithmically in a negative relation to the current

financid wealth of the player. The utility of the game would decrease as the current

wealth of the player increases. Thus, the game has a subjective value and this value is

always less than infinite since no one has negative infinite amount of money. In his

artid e, Bernoul | i wr ot e: AThere is no doubt t
more significant to the pauper than to a ric
(Bernoulli, 1738).

John von Neumann and Oskar Morgenstern wrote #eiminal book on decision
theorycal | ed ATheory of Games and Economic Beh
decision making strategies in various settings. In this book, they proposed
axioms, namely completeness, transitivity, indejggte and continty, which can

be used to desdr a rational decision maker from an expected utility theory
perspectiveThe mmpleteness axiom states that the decision maker haslefgied
options and can always decide between any two alternatives. tivinsiuggests

that the decision maker is consistent in his/her choices. For instance if among A and
B, B is the better option and among B and C, C is the better option, then the rational
decision maker is expected to choose C oveFHg ndependence axioguarantees

that when two options with a certganeference order amixed with a third option,

8



then the order is preserved. Continuity suggests that if A,B,C are options in
increasing utility then there is a p such that B has the same utility as pApyJ1 If

all these assumptions are satisfied, then the decisions can be represented by a utility
function. If the decision of the agent is in line with these axioms, then it could be

regarded as a rational decision.

The empirical research on decision nmakiin the subsequent years showed that
individuals behaved in significantly different ways than predicted by the expected
utility theory. In 1953, Maurice Allais described a game, later called the Allais
Paradox, where people would decide in a way thaldvoe in conflict with expected
utility theory. The paradox is comprised of two gambles, each with two options that

have the following payoffs and probabilities:

Gamble 1:

Option A: 100% - 100 million

Option B: 10% - 500 million
89% - 100 million
1% - Nothing

Gamble 2:

OptionC: 11% - 100 million
89% - Nothing

OptionD:  10% - 500 million
90% - Nothing

Undertheseexperimental conditions, the behaviors of the participants in this game
showed that most people choose Option A over Option B and alseychoose

Option D over Option CThe expected gain/utility for option A is 100 million,



whereas in option B the utility is :300 + 0.89100 = 139 million. Similarly, the
utility of option C is 0.11100 = 11 million, whereas option D yields an expécte
gain of 0.X500 = 50 mill i on. The fact t hat
predictions of expected utility theory suggest that most people may not be deciding
along the factors proposed by this the@woskowitz, 1974, Oliver, 2003)

Another paradoxthat violates expected utility theory was described by Daniel
Ellsberg (1961). In this paradox, there is an urn which contains 30 red balls and 60
black andsomeyellow balls. The ratio of black balls to yellow balls is unknown.

Under this condition a baWill be drawn andhe following gambles are offered:

Gamble 1:

Option A: Red - $100

Option B: Black - $100

Gamble 2:

OptionC: Red or Yellow - $100
Option D Black or Yellow - $100

Ellsberg reports that most people choose A over B in gamilerithough

~ Tt
06  p ma—t
WTT W

TR 0Tl
OYo p mar

WT W
and D over C in gamblea2 predicted by utility theonyhere

OYO pmni— OO p mMI—.

10

subj e



Therefore, lhe behavioral responses for the two gambles areoristent with the

predictions othe expected utility theory.

In 1979, Kahneman and Tversky published an article which examined further the
incompatibility between the expected utility theory and the human behavior. They
suggested a new theory called the Prospect Theagdount for te ways in which

humans deviate from the norms of rational decision making describetheby
expected utility theory. They observed that there were some recurring patterns in
how people deviate from the expected utility theory in financial decision
experimets. For example, they showed that even though people should weight
outcomes in proportion to their probabilities according to the expected utility theory,
most of the time they significantly overweighted the outcomes which are certain
compared to the othem pt i ons. They <called this tenct
Another tendency they observed was that during the examination of the options,
people separate each option into their components and then compared the options in
regard to their different parts @wmlisregard their similarities. However, since options

can be divided into their components in different ways according to different criteria,
this causes inconsistencies in peopl eds

i sol ation effecto.

Kahneman amh Tversky put forward the prospect theory in an attempt to create a
descriptive framework which could account for the decision making processes in a
realistic manner. According to the prospect theory, the decision making process takes

places in two stagethe editing stage and the evaluation stage.

In the editing stage, people analyze the options and create a representation of each of
them by simplifying their attributes. The editing stage is comprised of several
subprocesses. In this stage, a referemiet ;s selected to represent the current state
and the options are defined not in terms of final states of wealth but rather they are

defined in terms of their relation to the reference point. This process is cadled)

11



Furthermore, identicadptions can be combined and represented as a single item. As
an example, if there are two identical options of $200 with 25% piidgakhese

can berepresented as a single option of $200 with 50% probability. This process is
calledcombination.Optionscan be reshaped in a new way to separate their riskless
part. For example, two options of $300 for 80% and $200 for 20% can be represented
as a riskless gain of $200 and a second option of $100 with 80%segie@atioh

Some options can be simplified bgunding. For instance, an option of $100 for
49% can be represented as an even chance of gaining $iii@if{cation. If an

option is significantly dominated by other options, then it can be disregarded without
further analysisdetection otlominancég

In the evaluation stage, one of the options is chosen according to their
representations created in the editing stage. The process of evaluation is based on
two factors: the decision weights and the value function. The decision weights affect
the weigh of the probability of each option in terms of how much each event will

impact the desirability of the prospects.

The value function determines the subjective value of each option. It is not a measure
of the final states that the options provide. Instéad,a measure of gains and losses

in terms of their deviations from the reference point. Kahneman and Tversky find
this process to be similar to our other perceptual and judgment faculties. We
generally gather and consolidate information from our enuir@nt not in terms of
absolute magnitudes, but we do it in terms of change. Similarly, the value function

evaluates the options in terms of change from the reference point.

In 1956, Herbert Simon created the theory of Bounded Rationality and he opposed
theview that humans used complex algorithms to make decisions. According to him,
we do not need any utility functions in order to choose among various alternatives. In
order to make decisions, we do not try to "optimize" but rather we try to "satisfice",
which means that because of the limitations in our cognition and limited information
in our environment we try to reach satisfactory goals raten finding optimal

solutions.

12



Simon stated that an organism needed only simple perceptual and choice
mechanismso satisfy its needs (Simon, 1956; Gigerenzer&Selten 2@Q2prding
to the theory of Bounded Rationality, decision making processes can be comprised of

three types of functions:

Search Rules:

The search process occurs in a digystep fashion, whereaeh step involves the
acquisition of a piece of information and then this process is repedtectachinga
state that would satisfy the stopping rule.

Stopping Rules:

The search function is stopped when a sufficient amount of information is acquired.

Decision Rules:
Rather than calculation the weights of all options for every criteria to find the
optimal solution, a simple decision rule such as "Select the option that is favored by

the most important criterion” is applied.

By using these three typef functions, an organism with limited cognitive abilities
can satisfy its various needs in a complex and uncertain environment (Gig&enzer
Selten 2002).

2.2 Decision Making and Consumer Behavior

The decision making process in a shopping setting invohaasy different options,

each with different attributes and costs. The decision maker has to process a big
amount of information to evaluate the options in order to reach a conclusion. In
doing so, the consumers have to rely on their limited cognitive resaulhere hee

been many studies to investigate the consumer decision process and how it is

influenced by the different types of external factors and marketing settings.

13



During the process of product choice, the alternatives are grouped in categories
according to their attributes. After the creation of the categories, new options are
placed within the existing categories and this process of categorical placement

influences the expectations and preferences of the consumers (Mbead001).

The way the products are presented to thastomer especially have a majdfeet

on the consumer6s perception and evaluation
been shown thatustaners evaluate products differently in relation to which

products they are compag with the target product. If the consumer compares the

target product with a product from an inferior brand, then the target product seems

more attractive and when the customer evaluates a target product with another

product from a superior brand, théme target product is evaluated as being less

attractive (Huber et al, 1982).

In a similar way, a prodaiavhich has been perceived @agerage in comparisomith
otherproductsin a groupcan have a higher probability of being a purchased. If the
productdoes not rank badly in any of the product attributes, costumers tend to
perceive them as less riskier choices and they can be more likely that product
(Simonson, 1989).

Generally, consumers collect information about choices from two distinct types o

sources. The first source is their sensory perception. This type of information is
gathered from the decision makero6és i mmedi at
the consumeréds memory. I nformation retrieval
collectednf or mati on about options which can not
sensory environment. In a setting where products with these two types of information

are in competition, products with sensory information have dominance over the

products which have farmation only in memory. When consumers make a choice

between products which they can perceive directly and other products which they

can only remember from their previous encounters, they have a tendency to choose

products which have sensory informati@iehal & Chakravarti, 1983).
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The decision between products can be distinguished as two different types of
processinbasédt decbsei emade dandle chiastito ntsuod.e
based decisions, the evaluasari the products are based onahpreferable they are

on each of the product attributes. On the other hand, atitasied decisions are

based not on specific attributes but rather based on how preferable they are in general
(Sanbonmats#& Fazio, 1990).

The attitudebased decision procsss often involve the conscious monitoring of
feelings. Decisions which rely on the monitoring of emotions are found to be not
only faster but also more stable and consistent across decision makerse(Rilam
2001).

Attribute-based decisions can caustrmation overload if there are many attributes
to evaluate for a set of options. If there is no conflict along the attributes of the
products, picking only one attribute for evaluation can be sufficient for the decision
process. It has been shown thdeseéng only the most important attribute and then
selecting the product with the highest value for that attribute has led to good

decisions (Fasolet al, 2007).

A framework that was proposed to investigate attribute and atfitasied decisions

was theMODE model which signifies that motivation and opportunity to deliberate
are determinants of decision making. According to this model, the level of
motivation is correlated with how much the decision is personally relevant to the
decision maker, and theviel of opportunity is correlated with the amount of time
and resources they have to process the information regarding the decision. When
motivation and opportunity is high, the decision maker is more inclined towards
attributebased decision making. Whehet motivation and opportunity is low, the
decision maker is more inclined towards attith@sed decision making (Fazio,
1990).
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This thesis study investigates the decision processes as they relate to purchasing and

product preference. Consequently, anpexkmental paradigm which measures
participants?©o purchasing deci si ons and sur
subjective valuation wasreated The research literature on consumer behavior

guides the design of the study as the experimental setting investigates how
consumer 06s previous expeadfihepoduetsnbluende subj ect i

their purchasing decisions.

The study also used mescientific measures to investigate the neural underpinnings
of decision making and consumer behavieunctional neamfrared spectroscopy

was used to collect the neural signals from the brain regions involved in decision
making during the purchasingxgeriment. In order to provide a background
regarding the neural underpinnings of decision processes and the related
neuroscientific research methodbkge following section reviews the literature on the

neuroscience of decision making.

2.3 The Role of Pré&rontal Cortex in Decision Making

Neuroscientific studies of decision making use various methods to invedtigate
neural underpinnings of our decisions. Imaging techniques such as functional
magnetic resonance imaging and functional near infrared imagupgrimental data
from populations with neurological disorders, lesion studies and animal models are
brought together to shed light on the brain functions which carry out decision

processes.

As a result of these studies, a number of different brairomegare found to be
involved during decision making process@gsgure 1) The prefrontal cortex is
responsiblefor the executive functions, while the subcortical regions are mainly

responsible for the emotional aspects of decision making.
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Nucleus accumlyes activation correlates with reward anticipation, medial prefrontal
cortex (MPFC) activation correlates with gain outcomes (Knutsomal, 2001);
anterior cingulate cortex activation correlates with conflict monitoring (Botwatick
al., 1999); dorsolatat prefrontal cortex (DLPFC) activation correlates with
executive working memory (Jonidsgsal, 1996);andinsula activation is correlated
with negative arousal (Buchel and Dolan, 2000; Paulus & FragRs3).

Lateral view ) Coronal view
- Primary motor cortex
g / Primary sensory cortex

- \, Corpus callosum
Thalamus \

Caudate
nucleus

Nucleus
accumbens

Orbital
prefrontal
cortex

Insula Hypothalamus ~ Amygdala

Limbic Structures

Figurel Cortical and subcortical regions of the human bfaaneet al, 2009)

The areas of the prefrontal cortex are found to be involved in various types of
decision processes such as option valuation, probability estimation, reward and cost
anticipation andtrategy formation. The research on the medial and dorsolateral parts
of the prefrontal cortex will be reviewed in this section since they are shown to be
responsiblgor the option valuation and risk management parts of decisions which

are of interest ithis thesis study.
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MPFC has been shown to play a role in the calculation of values of options in a
variety of experiments. In a study of product preference, Paulus and Frank (2003)
asked participants to state their preference within the presented graohacthey

observed that medial prefrontal cortex activation was correlated with subjective

product preference.

Similar results were obtained by Hare et al. (2011) regarding the MPFC. Participants
were asked to choose between healthy and unhealthy fod. iThe valugof the
options were estimated by the activation in the MPFC. Furthermore, the activity of
the MPFC was regulated by the dorsolateral prefrontal cortex depending on the cues

provided in the task.

The option valuation carried out by the MPEMot exclusive to product valuation.
Rather, gnilar patterns of activation havmeen observed in many decision making
studies conducted with monetary options. For example, Basten et al. (2010) showed
that MPFC was activated during decisions between taoneptions with different

financial values.

In another experiment, monetary options were presented with varying risk and
ambiguity levels. In the context of this experiment, risk was defined as a situation
where the probabilities of different outcomes &g estimated, whereas ambiguity is
defined as a situation where it is not possible to estimate the probabilities of
outcomes. Although the level of subjective aversion towards risky or ambiguous
options changed across the group of participants, MPFZatioti was sensitive for

both risky and ambiguous decisions (L&tyal,2010).

Value calculation by MPFC is also apparent in regard to the temporal qualities of the
options. When participants are presented with monetary options which differ in the
aspectof delayed acquisition, temporal changes between options were correlated
with MPFC activation in the experiment (Kable&Glimcher, 2007).
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These results show that the medial part of the prefrontal cortex is responsible for
option valuation regardless of thgpe of options. Whether the decision is made
between commercial goods or monetary options, the valuation process generally
involves MPFC activation. In a study conducted by Boorman et al. (2009) MPFC
activation was observed in decisions between optionshwdenoted only statistical
probabilities and reward magnitudes. In another study, Chib et al. (2009) found that a
region in the ventral part of the medial prefrontal cortex was activated in correlation
with participant preferences across different graafpsptions such as food products,
non-food products anthonetary gambleMPFC activation has also been observed in
social decisions. Participants deciding between charities to make a donation showed

increased activation due to valuation of charity optidtereet al,2010).

Bechara et al. (2000 a) investigated MPFC functions in patients with MPFC
lesions.In a card selection task, healthy participants and participants with MPFC
lesions were asked to select cards from 4 alternative decks with rewardssesl |
which of two were more riskier than the other two decks. During the experiment, the
skin conductance of the participants was also measured. The researchers concluded
that MPFC lesions caused insensitivity for positive or negative future consequences.
These results led Bechataal (2000 b) to put forward the Somatic Marker
Hypot hesis which states that Adeci si on
marker signals that arise in bioregulatory processes, including those that express

themselvesinmot i ons and feelingsod (page 295).

In many studies, it has been demonstrated that the function of MPFC is regulated by
DLPFC activation. McClure et al (2004) conducted an fMRI study with a decision
making task to investigate the effect of brand perceptioproduct preference and
brain activations. In the first condition, the participants received Coke and Pepsi and
made a product preferentestwithout the knowledge of brand. The results showed
that MPFC activation was related to sensory perception ofdtimks when the
participants did not have brand knowledge. However the second group with
knowledge of brands showed differences in both behavioral preference and brain

activations. When the participants had brand knowledge, DLPFC was activated in
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addition to MPFC. Furthermore, the activation of DLPFC changed the level of
activation in the MPFC causing the difference in subjective valuation of the products.
The authors suggested that the bias of cultural information may have its neural

underpinnings in thenanipulation of MPFC activation via DLPFRG well

Similar results were found in the study of Deppe et al. (2005) in a produdct choice

experiment. Participants were presented with pairs of products and stated their
preferences. When the target product vasom t he partici pantoés fav
activation of the DLPFC was decreased and the activation of the MPFC was

increased. The researchers suggested that brand information had an effect on the
interaction between DLPFC and MPFC.

Although decisions arfrequently studied in positive and appetitive contexts, it has
been demonstrated that prefrontal cortex activations occur in a similar fashion in
aversive contexts too. Plassmann et al. (2010), conducted a study with a bidding task
where the participantsedided to bid either to eat the foods they liked or avoid the
foods they disliked. In both appetitive and aversive contexts, MPFC and DLPFC
were activated, suggesting that the functions of these areas are independent of the

appetitive aspect of the context

DLPFC activation has also been observed in decisiokingaexperiments with
primates Kim and Shadlef1999 conducted an experiment with rhesus monkeys by
recording the neural activation in their DLPFC region during a motion discrimination
task and dematrated that the DLPFC was involverdthe judgment of directiorin

a similar studyWallis and Miller (2003) recorded DLPFC activation in rhesus
monkeys while theywere shown pictures associated with different types of juice
rewards and demonstrated thia¢ DLPFC activation enced the amount of option

reward.
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Seo et a[2007) recorded DLPFC activation in rhesus monkeys during a matching
pennies game and showed that the DLPFC is an important part of the decision
making network of the brain in primateSince humans share many similarities in
brain functions and basic behavioral patterns with other primate species, the common
functions of DLPFC observed both in humans as well as other primates show this

brain regiondés significance in decision |

The functions of the DLPFC are not limited to decision making processes. The
DLPFC has been shown to have a role in cognitive control (Miller, 2000) and
working memory (Levy and GoldmeRa ki c , 2000; Curtis and
Petrides, 2000)

In the reseath on theneuroscientific basis of decisions, fMRI has been heavily
utilized due to its high spatial resolution. Howevttre fMRI method has many
drawbacks as it is a quite expensive and-porable research method. In the recent
years, functional neanfrared spectroscopy has been adapted for the investigedtion
brain activations and it has aléeen successfully used to study the neural basis of

decision making.

2.4 Functional nearinfrared spectroscopy (NIRS)

fNIRS is a noninvasive, portable and cesffective method that can be used to
measure brain activity with high temporal resolution (keaai.,2007). The basic
principle of fINIRS method is to measure the level of oxygen in the target tissue.
When there is neural activity in a certain part of the brain, glucose and oxygen
consumption at that region increases. Oxygen is carried by hemoglobin molecules
that are located in red blooelts. Oxygenated and deoxygenated hemoglobin
molecules have specific optical properties and thus it is possible to measure the

difference of oxygenation levels of neural tissue by using-inéared light.

21



A light source is attached to the head of theipaant by fiberoptical bundle®r
light-emitting diodes (LEDstgalled optodes. As the photons emitted by optodes
go through the skull and the brain, they are scattered or absorbed by the neural
tissue. The scattered photons follow a curved trajectmraitds the skin and can

be measured via photodetectors at the scalp (Btate2006).

Figure2 Principle of fNIRS recordingBunceet al, 2006)

The fNIRS method has been utilized to investigate various cognitive faculties.
Cognitive load experiments conducted fNHRS recordings have shown that the
results offNIRS measurements were congruent with the measurements of other
neuroscientific resear chetan2d4hkKozdzse dtsougcl hu
al. (2007) usedNIRS in a series of experiments to study brain activations during
several types of tasks that measure cognitive output. They used a viddigame

task called the Warship Commander Task in which the participants tried to
manage varying numbers of airplanesl dhe amount of cognitive load of the
participants was quantified BMIRS.

22

f

MF



In other experimentshe n-back task was used to investigate working memory
load on the prefrontal cortex and anagram problems of varying difficulty were
used to measure brairctevations correlated to problem solving effortSlIRS

was also used in a visual oddball paradigm to assess attention levels of the
participants. Across this series of studif$|RS was shown to be a reliable
method for quantification of prefrontal coxtactivationy K z z ettala@2@O4)u

fNIRS has also been used to measure the changes in activation patterns in the PFC
regarding the expertise level of the participants. Level of expertise was
manipulated by familiarization of participants during several sessions of a knot
tying task. As the sesmis progressed, the level of adaptatiorthe prefrontal
cortexhas been detected fidIRS (Leffet al,2007).

Nakacet al (2013) usedNIRS to investigate the effect of early life stress on brain
activation. The early life stress of the participanteswdetermined via using a
child abise and trauma scale. Prefrortattex activations were recorded during a
color-preference judgment tasks (seliented task) and a colsimilarity
judgment task (control task) as well as during resting stidt®S data aalysis
showed that early life stress had a negative effect on MP#@ian during sel

oriented judgmentand resting state.

fNIRS method has been used widely in decision making and economic preference
research. Since economic decisions are carriechostly in the prefrontal cortex,
fNIRS emerges as a viable method to investigate the role of prefrontal brain areas

in tasks such as product preference and financial decision making.

Kumagai (2012) investigated personal product preference ifNHRS study.
Subjects were asked which one of the two products presented they would prefer
and then were shown the same products consecutively before making a final
decision. Researchers were able to classify product preferencasakbyzing
fNIRS data by condcting ttests and discriminant analysis
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A similar study was conducted by Luu and Chau (2009) to detect product
preference viafNIRS in a singletrial task. Subjects evaluated two possible
products to state their preference and a sitriggétask was adgpiate tousefNIRS

signal for discriminant analysis to achievereference detectiofhese two
aforementioned studies utilized braiamputer interface (BCI) analysis methods

to analyze the change in blood flow in the
preferences. Development of BCI technologies can help people with disabilities to
state their preferences and judgements with the aid of tools that can measure brain
signals. Moreover, the signal processing methods developed within this field can
be used fothe progress in other research areas such as the investigation of brain
function underlying executive function®NIRS proves to be aiseful methodor

the employment of BCI methods.

Holper (2014) usedNIRS in combination with electrodermal activity t@sess

individual risk taking.Eelectrodermal activity is a method which is used in

investigation of processes related to decision making and dffeanddition to the

fNIRS recordings and electrodermal activitygrficipantsalso completed a risk

taking task for an assessment of rsieking and riskaverse individualsfNIRS

data analysishowed thathe lateral prefrontal cortex activation correlated with

subjective valuation of risk.T h e aut hor s concluded: AHI gh
hemodynamic responses only in rsieking subjects but suppressed them in risk

aver se sloebfIRScresslts were also found to beongruent with

electrodermal activity results.

Another area ofNIRS reseath in relation to economic decisions is financial
investment. Shimokawa et al (2009) conducted a decision making study where
participants made investment decisions and prefrontal cortex activagsn
measured ViflNIRS. The participants chose an investmeption according to the
information regarding their past stock market record. The authors stated that the
goal of this study was to prove the usefulness offfiBS method in decision
making research. In order to this they created a model which usksnak

cortex oxygenation levels to make prediction about participant choice of risky
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investment. The model was Bayesian neural networkvhich could make
predictions of individual decisions based RS signal. The neural activation
data, particularlycollected from the dorsolateral prefrontal cortex and the
orbitofrontal cortex was used to makeegictions with the aid of the &esian

model

The studies reviewed abovave utilized the fNIRSnethod to examine the neural
basis of decision making. It has been shown that the changes in the level of
oxygenation in the regions of the prefrontal cortex can be measured via fNIRS to
investigatehow the brain functions carry out the processes relaiesubjective
preferences, risk taking, cognitive load and working memory. Based on this body of
work, the motivation of the current study is to use fNIRnd behavioral
experimentation to investigate decision making processes in a simulated shopping
enviornment with a product purchasing tas$k. particular, here hae been three
studies in the literature thafluencedthe creation of the current study with their
methods and findings. In the following section, these studies are reviewsder to

provide a better understanding regarding the roots of this thesis study.

2.5 Preceding Studies

The frst of these studies, conducted Kputson and colleagues in 2007, was
comprised of an fMRI experiment involving a purchasing task. Participants were
shown a sees of products with suggested prices and made purchasing decisions
by using the money given to them by the researchers. The prices of the products
were discounted by 75% of their real market prices. Participants also filled out a

survey stating how mudiey would be willing to pay for each product.
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Figure3 Purchasing task in Knutson et al., 2007

The findings showed that the nucleus accumbeassactivated during the product
and price periods of the task and its activation correlated with product preference.
Additionally, medial prefrontal cortex was activated during the price period and
the difference between the prices suggested durin@g#feand the prices that the

participants were willing to pay correlated with MPFC activation.

The second study was a product preference experiment conducted {NdRBe
method (Shimokawat al 2008) Participants were shown two products first
sequentially and then contantly. When they aw the two products together on

the screen they made a selection between the products.

L~ ¥
Selection : 9 s

Rest:10s

Figure4 Product preference task in Shimokawa et al., 2008
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The activation of the medial part of the prefrontal cortexrdutne single display
of the preferred product was found to be similar to the activation pattern during

the preference screen.

The third study of influence was a price prediction experiment which was also
conducted vigdNIRS(Mitsudeet al, 2012) Participants were asked to predioe

price of the presented product, théresewere shown the price of the product
(which was either decreased or increased compared to the market prices) and then

the participants typed their own predicted price for the product.

+

(a) Step 1 (b) Step 2

+ |

fili#s : 49779

(c) Step 3 (d) Step 4

(e) Step 5

Figure5 Price prediction task in Mitsuda et al., 2012

The fNIRS data showed that the rate of divergence for oxygenation in the
prefrontal cortex and the relationship between the predicted and presented prices

were similar.

Taken together, these three studies shaped the structure of this thesis work. The study
of Shimokawa et al. and Mitsuda et al. provided the basis for the usability of the
fNIRS method in the investigation of purchasidecisions by showing the ability of

the method toprecisely detect the neural activation underlying the processes of
27



product evaluation and cost analysis. The work of Knutson et al. provided the basis
for the shopping task developed in this stémhtheinvestigation of prefrontal cortex
acivations during purchasing behavior. However, the task developed in this study
differs from the experiment in Knutson et al. by using daily consumption items and
real market prices with the goal of creating a more realistic shopping simulation. All
in allthis thesis study brings the fNIRS experimentation aodsumer research
together with the aim of providing insighmto the neural basis of purchasing

decisions.
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CHAPTER 3

METHOD

The current study involves a decision making taskvimich the participants stated
their purchasing preferences for a variety of prodo€tdaily use During the task,

prefrontal cortex activation was measured viafMiRS method. At the beginning of
the thesis research, a pilot study was conducted wehptirpose of preliminary

observation.

3.1 Pilot Study

The experimental design was similar to the one in the study by Knettsdrn(2007),

but the main difference was the preferencdNdiRS method instead of fMRI. The

task was comprised of 7A8als where participants were asked to make purchasing
preferences based on the suggested products and prices. In each block, the
participants had 3 seconds for viewing a picture of the product, 4 seconds for
viewing the price of the product and 4 seconds tgpead according to their

preference to purchase or not to purchase, followed by a fixation for 6 seconds.
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Figure6 Task design

Each block lasted for 20 seconds. The total duration of the experiment was 26
minutes (78 X20 seconds). The products consisted of 3 main groups (food, cleaning
and personal care products). There were 39 products ifodkdegroup (e.g. milk,
cheese, Gke), 17 products in the cleaning group (e.g. detergents) and 22 products in
the personal carergup (e.g. deodorant, shampoo, toothpaste). The pricéiseof
products were taken from locatipermarkets around Ankara. 14 subjects participated
in the study (7 females, 6 males). Exclusion criteria for participatiere Veft

handedness and having a brgtof psychiatric disorders.

The fNIRS Imager 1000 device used in the experiment had a sensor with 16 voxels

which monitors prefrontal cortex activity through hairless scalp.

(ﬂ /

Figure7 The main hardware box of the fNIR&ager 1000 device
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Figure8 The scalp sensor of the fNIRS Imager 1000 device

The sensor was attached to the forehead of the participants in order to monitor frontal

cortex activation.

Figure9 fNIR S sensor pad attached to the participant

ThefNIRS data was collected in 0.5 second intervals during the study. The task was
shown to participantesna 1766 LCD monitor . Participal
via a keyboard. SAN Suite software was used for task presentation and response

collection. COBI Studio software was used fidiRS data collection.

Figure10 Experiment seip
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fNIRSoft sdtware was used to eliminagtifacts in the data and to calculate the
oxygenation in the blood flow (Ayaz, 2010). A finite impulse filter was applied in
order to eliminate heart pulsation artifacts and a sliding window motion artifact filt
was applied to eliminate motion artifacts. The data collected during different parts of
the task was tagged as #dApicturebo, Apriceo,
fixation data as a baseline activation level, the amount of oxygenation chahge in
neural tissue during the product, price and fixation periods were calculated. Two
types of calculations were made for each period: the local oxygenation difference
between the fixation part arghch ofthe subsequent parts of the triahd the global
oxygenation difference between the average of all fixation periods and the
subsequent parts of each block. Modified Beer Lambert Law (Chetnge 1998)

was applied for this calculation.

An independent-test was conducted to investigate th&edence of oxygenation
between the products which the participants showed a positive or negative
purchasing preference. Throughout the test results, Voxel 9 showed a significant
activation in the local price and decision data, whereas Voxel 14 showed a
significantactivation in the global product, prieenddecision data. The localization

of Voxel 9 corresponds to the medial prefrontal cortex which has previously shown
to be activated during valuation of costs (Knutsbral, 2007). The localization of
Voxel 14 caresponds to the DLPFC which is involved in executive functions and
working memory. The activation levels observed in Voxels 9 and 14 were in line

with the expectations of the pilot study which led to the main study of the thesis.

3.2 Main Study

The mainstudy had two conditions. In the first condition, participants were not
provided money for real purchasing of the products. In the second condition, the
group of participants were given 40 TL. and were asked to make real purchasing

decisions.
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28 people pdicipated in the first group. All of the participants were METU students
between ages of 1925 (10 females, 18 males). The participants were awarded 10
TL. for their participation in the study. Each participant filled out a consent form, a
personal infomation form and a handedness inventory (Oldfield, 1971). To increase
experiment engagement, the participants were told before the beginning of the
experiment that they will receive one of the products which they had stated that they

would prefer to purchse during the experiment as a prize.

E-Prime software was used for the presentation of the experiment due to its timing
precision and randomization capabilities. Contrary to the product order in the pilot
study, the products in the main study task weraddd into 12 distinct product
groups and although the order of the group presentation was the same for each
participant, the order of products within each group was randomized to prevent any
confounding factors which could emerge as a result of the prpdesentation order.

The lefti right localization of the purchasing preferences presented in the decision

part of each block was also randomized to avoid lateralization biases.

At the end of the experiment, two surveys were given to the participantgirdthe
survey asked the participants to rate their usage frequency of each product in their
daily lives. The purpose of this survey was to measure the familiarity of the

participant with the products.
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Figurell Survey for product usage frequency

The second survey asked the participants their preferred prices fqoredcict. The
purpose of this survey was to measure the relative difference between our suggested

prices and the expectation of the participants.
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Figure12 Survey for preferred prices
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30 people participatedn the second condition of the experimeitsaddition to the

10 TL participation money, the participants were given 40 TL to use for purchasing.
The task did at provide information about how much money the participants have
spent during the experiment in order to avoid increased information load in the task.
The participants were informed that in the case of excessive spending, a set of
products valuing 40 TLraong the purchased products would be randomly selected
and given to the participantgfter the exclusion of some of the data due to artifacts,

data from22 people 8 females,14 males) were used in the statistical analysis.
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CHAPTER 4

RESULTS

4.1fNIRS Results

The aim of the fNIRSJata collection was to measure the activations in the prefrontal
cortex, particularly in the MPFC and in the DLPFC regions during the purchasing
experiment. A significant difference between the positive and negative purchasing

preferences wasxpected regrding the level of MPFC and DLPFC activations.

The experiment was conducted in two different conditions. In the first condition, the
participants were not provided money to make real purchasing decisions. They were
only asked to state whether they woulfpr or would not prefer to buy each
product for the given price. In the second condition the participants were given

experiment money and were asked to purchase some of the products.

The fNIR datacollected in the monetary conditiomere in line with the expected
results of the experimérHowever, the results of the nomonetary condition did not
reveal the same significant effect of purchasing decisions on the prefrontal cortex
regions. The statistical analysis afitk findings regarding the fNIRS dataare

explained in detaihn the rest of the section

For the analysis of thitNIRS data the mean values for each block were used for the
repeated measures ANOV#est The signal collected from some of the voxels
violated the assumptmoof sphericity. In these cases, Greenhe@séesser correction

was used to analyze the data.

37



The results of the experimenis the monetary conditiorshowed significant
activation in the prefrontal cortex depending on the choice of the participant.
paticular, Voxels 1,9 ard 11were found to be activated in relation to thecision

making task

0.05
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0.0

0,01

0,023

0,05

Figure13 Mean oxygenation values in the prefrontal cortex for the purchased and not
purchased products

In the monetary conditioN=22), Voxels 9 and 11, whicborrespond to the MPFC,
showed significant activation in relation to decision tygexel 9, F(1 , 12) = 8,81,

p < .05 (Greenhous&eisser corrected)yoxel 11, F(1 , 16) = 5,94p < .05
(Greenhous&seisser correctedhere was also significant activation in the DLPFC
in relation to decision typeZoxel 1, F(1, 18) = 6,25 p < .05 (Greenhous€eisser
corrected).
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In the nommonetary condition (N=23), the voxels corresponding to the MPFC did
not show any significant aeation in relation to the positive and negative purchasing
preferences; Voxel 9, F(1, 20) = .14> .05, Voxel 11, F(1, 21) = .0%,> .05.

The voxels corresponding to the DLPFC also did not show any significant difference

in activation in relation tpurchasing preferences, Voxel 16, F(1, 21) =.00, p > .05.
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Figure1l4 Mean oxygenation values in the prefrontal cortex for the purchased and not

purchased products in the notonetary condition.

The following plots comparthe averagexygenationlevelsobserved at Voxels B,
and 11during positive (YES) and negative (NO) decisioBsror bars indicatéhe
standard error.The waveforms averaged ové&?2 subjects show a significant
separatiorbetween oxygenation levels duritige positiveand regativedecisions.
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Figurel5 Mean values of oxygenation and standard error bars for Voxel 1 during
positive and negative purchasing decisions in the monetary condition
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Figurel6 Mean values of oxygenation and standard error bars for \V@galking
positive and negative purchasing decisions in the monetary condition
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Figurel7 Mean values of oxygenation and standard error bars for \idaliring
positive and negative purchasing decisions in the monetary condition

On the other hand, the mean oxygenation values for the same voxels in the non
monetary condition did not show a significantly different waveform between the

positive and negativpurchasing decisions.

Voxel 9

Figure18 Mean values of oxygenation and standard error bars for \@ukeding
positive and negative purchasing decisions in themonetary condition
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Figure19 Mean values obxygenation andtandard error bars for Voxel tiliring
positive and negative purchasing decisions in themonetary condition

Topographic maps for the prefrontal oxygenation were created via spatial

registeration of fNIR data to prefrontal cortex image by using the method ineéhyaz
al. (2006)

Figure20 Topographic map of thaverageprefrontal cortexactivation values
related to positive purchasing decisioamshe monetary condition
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Figure21 Topographic map of thaverageprefrontal cortex activatiomalues
related to negative purchasing decisionhemonetary condition

Figure22 Topographic map of the average prefrontal cortex activation values related to
positive purchasing decisions in then-monetary condition
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Figure23 Topographic map ohe average prefrontal cortex activation values related to
positive purchasing decisions in the ronnetary condition

4.2 Behavioral Results

In the nomamonetary conditionparticipants stated positive purchasing preferences
for 33,4products on average, (M = 33,4; SD = 9, )erage reaction times were
not significantly differenbetween positive purchasing decisionb% 1469 SD =
239 and negative purchasing decisighb= 1442; SD = 23); t(22) =0,97, p > .05.
Usage fregency of purchased versus nmpurchased products were significantly
different t(1770) =22.45, p < .05.

The price differencebetween the proposed prices during the experiment and the
preferred price by the participant feach product were calculatdéréposed pricé
Preferred price= Price difference The price difference comparison between
purchased and ngourchased productdso showed a significant difference t(1768) =
12.71, p < .05.
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In the monetary conditigrparticipants chose to purch&#products on average (M
=28,13 SD =11,40. Since the participants were not informed regarding how much
they had spent during the experiment, most of the participants exceeded their 40 TL
budget. The average amount of overspending of these partgifén21) were 88

TL (M = 88,67; SD =59,01).

77 out of 78 products were chosen to be purchased by at least one participant and the
mostpurchased product was purchased by 19 particigihts7,93; SD = 3,97).

Product Purchase

20
15
1
0 m Product Purchase
5
O TTTTTTTTTTTITITTITITTTTITTITITITTITITTITITITITITITTITTITTTITITITTITTITTITTITITTITTITTITTITITITTITITTITTITTITTITN

1 5 9 13172125293337 4145495357 616569 7377

Figure24 Number of purchasing decisions given by participants for each of the 78 products

In the monetary condition, average reaction times wsgmificantly different
between positivepurchasing decisions (M 4616 SD = 285 and negative
purchasing decision$A = 154Q SD = Z/1); t(21) =3.05, p<.05.

The average usage frequenaythe purchased products (Mear3,03 SD = 1,36)

were significantly higher than the daily usage frequency of the not purchased
products (Mean 1,68 SD = 1.06), t(1714 = 22.70, p< .05.The price difference
comparison between purchased and-porchased productsere alsosignificanty
different t(1714) =-7,28 p < .05.
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CHAPTER 5

DISCUSSION

5.1fNIRS Results

The main goabf this study was to investigate the neural correlates of purchasing
decisions. To this end, a task of product preference was designed. The task was used
in order to determine the negative or positive purchasing decisions of the
participants. During theask, the neural sigations of the participants werecorded

via a 16channelfNIRS device. Throughout the task, the participants were presented
with 78 products with corresponding prices. For each product they were asked to
make a choice whether to buy oot to buy that particular product. After each

decision there was a 6 second rest period.

The activations of the MPFC weees sessed in relation to
decisions. It was expected that the level of oxygenation would be sensitive to the
willingness of the person to purchase the product. This expectation was based on the
previous studies regarding the role of the MPFC in the evaluation of product
alternatives and monetary options. The task used in the study was similar to the study
of Padus and Frank (2003) in the way that it involved the evaluation of products.

Furthermore the participants tried to assess the products in terms of their attributes.
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Some of the products in the task were food items. Previous studies have showed that
MPFC showed agvation while choosing betweehealthy and unhealthy food
options (Hareet al.2011). In that study the comparison of the food items was carried
out based on the attribute of healthiness. Simildinly current study presents many
products whicthave common attributéhatthe participants had to compare in order

to make selectiagwithin each product category.

The results of the study showed that the MPFC activation was closely related to
participant decision on product purchasing only in thé pemchasing condition.
This shows that this region is especially sensitive to cost analysis. In particular,
during the price block of the task, MPFC was activated in relation to the cost analysis
regarding each option. This finding is congruent with tinelings of Knutson et
al.(2007) in regards to the role of MPFC in evaluating the monetary cost of products.

The second region of interest in tf¥IRS data was the dorsolateral prefrontal
cortex. DLPFC is known to be a region with an important role irsagcmaking. Its
activity has been found to be coupled to the activity of the MPFC (Deppe et al.,
2005) and additiority it has been found that the activation of the DLPFC regulates
the activation of the MPFC (McClure et al.,2004).The activity of the OLRFthe
current study was observex concurrent with the MPFC activity. The chanige
DLPFC activationrelated with purchasing decisions only appeared in the real
purchasing condition and was mostly present in the price block of the task. The
similarity of the DLPFC activation and MPFC activation was in line with the

findings in the literature.

Furthermore DLPFC is a very important brain region for information storage and
manipulation. It is known to play a major role in working memory functions (Jonides
et al., 1996). In the current study, participants had to compare similar products and
their prices. The process of comparison requires that the decision maker holds
information regarding the attributes of the products and their respective prices in
working memory to make decisienn the given time frame. Theognitive function

of storing the product and price information in memory and manipulating that

information in order to make a series of decisions requires an intensive use of
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DLPFC. Moreover, the pacipants needed to compare their past memories regarding
to their daily usage of the products in order to make informed decisions.

This process may also have an effect on DLPFC activation. As expected, DLPFC
activation was related to participant respmsThis may be due to the fact that the
participants relied on DLPFC activity in order to gather and manipulate information
both regarding to product attributes and costs and also their subjective experiences
with the products in the past.

Another aspeabf these neural findings is that they are closely related to the Somatic
Marker Hypothesis which suggests that decisions are influenced by information
previously stored in the body as biomarkers which may manifest themselves as
feelings related to the optis and their risks (Bechara et al., 2000 b). According to
this view, the prefrontal cortex angarticularly MPFC is where this information is
analyzed and used to guide future decisions. Similarly, the current study showed that
decision makers used MPFCti@ation to analyze the information they collected in

the task and in their past experiences with the products.

Overall, thefNIRS results confirmed the role of prefrontal cortex as an important
brain region in making decisions. In particular the MPF@aton is highly related

to monetary cost analysis and product evaluation. Addilyprthe activity of
DLPFC when the participants had to make costly decisions by analyzing a great
amount of information in a short period aht was congruent with the Weknown

role of the DLPFC in information storage and manipulation. The relation between the
activities of these two prefrontal cortex regions supports the view that the prefrontal
cortex works as a network of subcomponents in order to carry out executive
functions (Sanfest al, 2006).

5.2 Behavioral Results

In order to simulate a real purchasing experience, there were a few rival products
with similar attributedor each target produah the same product category. Along

each category, the products wer only similar in termef their attributes, but they
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were also in the same price range. Additignathe prices of the products were
directly acquired from the grocery stores to ensure the similarity of the costs to daily

purchasing settings.

During the task, the reaction times of the participants were recorded viaRhenE
presentation software. Participants stated their purchasing decisions by pressing one
of the two designated keys on the keyboadrding the decision block of the
experimental task. After the price block, the decision block had two options
presented on the screen to request a response from the participants. Theslotation
the options were randomly reversed for each product to avoidoatiglgendency of

the participant. After the appearance of the options on the screen, the participants had
4 seconds to make a choice. The data for the reaction time of tretpaats showed

that theduration of 4 seconds was a sufficient time to reaatiecision for each
product. Although it could be argued that the iggrants would start the decision
making process as soon as they saw the price of the product on the screen, the
difference betweethe reaction times of the positive and negative deaisisuggest

that they continued to the decision process even in the decision block of the task.

It is particularly interesting to see that this effect is absent in the first set of
experiments which did not involve real purchasing decisions. It is peghit the
presence of a real monetary cost caused a longer analysis of the balance between the
cost of money and the benefit of that product. Since money is a finite resource, each
purchase that a participant made meant that they were forgoing thedhilitseto

use that resource. Since the participants did not know which products they would be
presented in the subsequent portion of the task, pashive purchasing decision

could have meant a missed chance of buying a favorite product in the tadactpr

categories.

It is also possible that there was a relation between the presence of monetary costs
and the magnitude of cognitive load of the task. It has been shown that the increase
in prefrontal cortex activation can be a result of an increasegnitive load and this
relation has been demonstrated viaflltlRS met hod ( Kzzet ogl u et
similar way, the introduction of monetary cost testbxperimental task could have

50

al



led to an increase in cognitive demand of the task by causimpgttieipants to think

their choices more thoroughly.

After the task, partipants filled out two surveys which aim to collect information
regarding the subjective value of each product to each participant. The first survey
asked the participants how freantly they used these products in their daily lives.
The second survey asked the participants how much they wouldlibg v pay for

each product.

The goal of the first survey, which asked about the frequency of daily usage was to
assess the familiaritgf the paticipant to the product. This wamportant for two

reasons: Firstly, the amount of previous memory of a consumer about a particular
product heavily influences their future decisions for purchasing that product (Biehal

& Chakravarti, 1983). Secdn, a participantoés familiari:t
subjective value that person holds for that product. It is very likely that a person who
consistentlyprefers to use the same product among athernativessignals a high

subjective value for tit product. In turnthis highsubjective valuavas expected to

influence the willingness of the participant to buy the product in the experiment. The
results showed a significant relationshi|

of the productsnd their willingness to purchase the products in the experiment.

The behavioral results of the experiment was closely related to the framework of
bounded rationality which suggests that agents use simple heuristics to make
satisfactory decisions when theare in a complex environment with limited
information and limited resources. In this experimental setting, the general
motivation of the participants was to make sensible decisions among several
purchasing options. The nature of the task presented thieigmants incomplete
knowledge since there was no detailed information about the attributes of the
products except the pictures of their packages. Furthermore, they had access to this
visual information for a duration of just a few seconds which can bsidered a
guite short period of time if a consumer wants to base their decisions on visual cues.
In that period of time they also had to retrieve information about their past
experiences with the product and evaluate these experiences. They also needed to
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decide whether the proposed price was a good bargain for the product. Moreover,
they had to compare all this information with the information they gathered for the
other products in the same category to make an overall assessment of each option
and they hd just a few seconds to do all this information processing. The
participants had a limited amount of money to use during the experiment, so they had
to make an effort to make decisions which would yield a high benefit in terms of

product satisfaction.

Oveall, the experimental design created a setting of incomplete knowledge and
finite resources. Consequently, it would be safe to assume that the participants relied
on a few rules of thumb instead of complex decision making algorithms such as the
ones propsed in the field of economics. Indeed, during the -pageriment
interviews, the participastdescribed their strategies in terms of a few simple yet

selective rules. These strategies usually took the form of evaluating the products in a

few attributes sguent i al | y. For instance, a participa
such as: Al f liuse freqsently ang theopdoposed pricehisanbt overly

expensive, then buy it!o. Or some of the par
thealternai ves such as: Aalf it is not from a brai
the price and directly reject the offero. C
monetary considerations such as: ABuy the ¢

general markepr i dad@par t i casgessmeantsod theg ewnfchoicater
completing the experiment suggests that the evaluation process carried out by the
decision makers in this experimeshow a pattern similar to the heuristic rules

proposed by the theory bbunded rationality.

5.3 Comparison withthe Preceding Studies

An important study in the literature related to this thesis study was conducted by
Knutson et al. (2007). By using fMRI, they investigated the neural structures
underlying purchasing decisions. One of the main findings of that study was the
involvement otthe MPFC during price evaluation. Tresults of thighesis led to the

same observati@n regarding the MPFC activation in purchasing decisions.
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Specifically, the absence of MPFC activation during the condition without
purchasing and the appearance of MRfeGvation in the real purchasing condition
further proved its role in cost evaluation during decision making. Even though the
prices were comparably lower than the study of Knutson €2@07), the MAFC
activation was still significant in price evatian blocks.

The second influential work for this thesis was conducted by Shimokawa et al.,
(2008) where they managed to detect product preferences by analyzing prefrontal
cortex activations viafNIRS. The current study was similar in the way that
participants were asked to evalugieduct options. However, they were also given
prices to evaluate during each purchasing decision and this added price evaluation
processwas the main source of the neural activation observed in the sesaéighe
MPFC is knevn to play a major role in cost analysis during decision making

processes.

The current study was also similar to the study of Mitsuda et al. (2007) where they
asked the participants to predict the prices of prodwdtde they measured
activations in theprefrontal cortex. Theadditional factor considerenh this thesis

study is the purchasing decision related to each product. The participants not only try
to estimate the price by relating to their knowledge and subjective evaluation of the
product,but they also have to decidehetherto spend their monetary resource for

the acquisition of the product. The findings wee@nsistentwith Mitsuda et al.
regarding the role of the prefrontal cortex during the evaluation of the products and

estimation of the pris.

Following the aforementioned twWtlIRS studies, the current study is an addition to
the body of work investigating the role of prefrontal cortex activations in purchasing
decisions. The ability ofNIRS to detect the signals in the cortical areas of the brain
with high precision for the investigation of decision processes shows the utility of the
method as a viable research tool with low costs and high mobility which can be used
to test and validate thndings of conventional neuroimaging methods used in
decision making experiments such as fMRI and to further explore the neural
underpinnings of decisiomaking
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5.4 Limitations of the Study

The study had a few limitations. First, the duration of theeexnent can be
considered to be long as a cognitive science experiment. The presentation of each of
the 78 products lasted for 17 seconds, resulting in a total duration of 22 minutes. This
pace of 17 seconds was necessary for the acquisition of the signed in a reliable
manner Like fMRI, fNIRS monitors hemodynamic changes in the blood which is an
indirect measure of neural activity that reaches its peak activity and returns to
baseline levels in the order ofl® secondsThe reasoimg for the highnumber of 78
products was to gather sufficient data for the analysis and also to provide the
participants with a diverse scale of products in various categories to imitate a realistic
shopping experience. However these factors resulted a long duratitime feask
resulting in exhaustion and habituation with some of the participahish can be a

factor that may influence the data

Second, despite the filtering functions of our data analysis softwlzees were
artifactsand loss of datan the signaktollected along the experiment. However this is

a common occurrence in cognitive neuroscience research and can be overcome by
increasing the number of the participants to comperfsatthe loss of data. The
amount of data collected in the study waslfficient to test its main
hypothess.However, increasing the sample size would lead to a clearer separation
among the fNIRS signals observed during purchasing decisions, which may
ultimately lead to a predictive model that capitalize on the time courseivdtamis

observed at the implicated voxels.

Third, some participantsported that theywere not familiar with some of the
products which led them to make uninformed purchasing decisions in some. cases
Furthermore, somef the participants were not inforrdeaboutthe real market prices

of some of the products even though they were familiar with the products and have

previous experiences in using them.
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However the same situation can be present in real life purchasing experiences where
consumers may havenlited knowledge regarding the attributes or average prices of
the products. This study was designed with the aim to mimic real shopping
experiences sthatthis type of limiting factors of decision making is an inherent part

of the experimentodés nature.

5.5 Future Directions

Future work for this line of investigation can be pursued in a few directions. One of
these can be a construction of a moad&ich can successfully prediconsumer
behavior based on the collected neuroscientific and behavioralTdasahas been
achieved by Knutson et al. (2007) by bringing together the fMRI data, participant
responses and surveys. A similar model with predictive power may be constructed by
using fNIRS data which produaesimilar results to fMRI dataer cortical aras

close to the scalprhis would lead to a powerful model which can produce reliable
estimations of decision behavilvom a comparably smaller amount of data collected

from only 16 voxetd and only from the prefrontal cortex region.

Another direction cate pursued by the integration of addiabnesearch tools such

as EyéTracking or mouse movement tracking. These methods can aid the
understanding of consumer decision processes provided by neuroscientific measures
such adNIRS in a realistic shopping @eriment such athe one conducted in this

study.
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