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Abstract Classic game theory predicts that individuals should behave as rational
agents in order to maximize their gain. In real life situations it is observed that
human decision making does not follow this theory. Specific patterns of activity in
several brain circuits identified in recent years have been associated with irrational
and imperfect decision making. Brain activity modulated by dopamine and sero-
tonin is assumed to be among the main drivers of the expression of personality traits
and patients affected by Attention deficit hyperactivity disorder (ADHD) are char-
acterized by altered activity in those neuromodulating circuits. We investigated the
effect of fairness and personality traits on neuronal and psychological mechanisms
of decision making and risk taking in two sets of experiments based on the Ultima-
tum Game (UG) and the Investment Game (IG). In the UG we found that Fairness
and Conscientiousness were associated with responder’s gain and with event-related
potentials (ERP) components Feedback-Related Negativity (FRN) and Late Positive
component (LPP). In the IG the sum gained during the risky gambling task were
presented immediately after half of the trials (condition “high frequency feedback”,
HFFB), while the other half were presented at the end of each block (condition
“low frequency feedback”, LFFB). Conscientiousness, Agreeableness and Sincerity
influenced latencies of the negative deflection occurring at around 200ms (N200)
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and the positive wave peaking at around 250ms (P250) components. The contingent
negative variation (CNV) component was affected in a different way in controls
and participants with ADHD as a function of the feedback frequency (HFFB versus
LFFB). These results clearly show that imperfect decisionmaking and risk taking are
affected by personality traits and cannot be accounted by models based on rational
computations.

6.1 Homo Economicus and Homo Sociologicus

Neuroeconomics is an interdisciplinary field whose aims include studying the neural
foundations of decision making under risk. Uncertainty can be defined as the psy-
chological state in which a decision maker lacks knowledge about what outcomewill
follow fromwhat choice. Economists and neuroscientists commonly considering the
risk referred to situations with a known distribution of possible outcome [97].

Traditional economic models of decision making found their roots through in
the concept of utility referred to as the option leading to the highest outcome that
will be chosen by “rational agents” when individuals have the opportunity to choose
between different options. Daniel Bernoulli’s St Petersburg Paradox demonstrates
utility in a tail or head game, where a coin is tossed until the first head appears;
the payoff increases at each trial, whereas the probability decreases exponentially,
leading to a concave utility function. Hence, individuals are considered as rational
agents, referred to as Homo Economicus, who are expected to maximize the utility
to play a game with a highly skewed payoff distribution [9].

The concept of “maximization” refers to the agents’ ability to evaluate each option
and its possible outcome. By taking into account the preferences of an agent over
different kinds of choices, four axiomsof theExpectedUtilityTheorywere definedby
assuming the properties of completeness, transitivity, convexity and independence of
lotteries [120]. The addition of a psychological dimension to risky behaviors defined
the ground of an updated theory referred to as the Prospect Theory [70, 117]. This
latter theory allowed to explain how individuals behave when they are faced with
probabilistic risky options, namely, to underestimate risks leading to a loss (risk
seeking), and to overestimate risky behaviors towards gains (risk aversion).

The attempt to understand individual differences and similarities towards risk trig-
gered many studies and the development of specific questionnaires and experimental
tasks aimed at measuring risky behaviors. General risk taking or sensation seeking is
commonly assumed to be motivated to a large extent by the intrinsic value of adven-
ture or sensory experience derived from the risky behavior itself [4]. An example of
a simple task aimed at rating risk taking behavior is the Balloon Analogue Risk Task
(BART ) [77]. In this game, individuals have the opportunity to make a balloon grow
by introducing air with a pump. Rules are simple, each puff allows the participant
to earn money, but in the case of an explosion of the balloon, the participant would
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loose all money earned so far. Therefore, at each trial a decision has to be taken,
either to stop pumping the air and collect the money or to pump more air in the
balloon. Referring to individuals’ characteristics within usual pattern of behaviors,
“Personality is the more or less stable and enduring organization of a person’s
character, temperament, intellect, and physique, which determines his unique adjust-
ment to the environment” [44].

In the Ultimatum Game (UG), where the participants play a role of proposer and
responder sharing a virtual amount of money [59], it is rationale to expect that the
proposer offers the smallest possible amount and the responder accepts any amount.
On the contrary, a consistent number of UG studies revealed that responders showed
a tendency to reject unfair offer, especially for offers below 30% of the total amount
[20, 26, 59]. Social interaction like friendship [21] and moral characteristic of the
people [50] influence the maximization target in UG. We showed that perceived
emotions associated to background pictures and individual differences associated to
the role of proposer and responder significantly affected the amount ofmoney players
were keen to share [46]. When individuals were playing the role of proposers, they
tended to share a higher amount of money when their choice was made in association
with negative emotions, in particular sadness and disgust. When participants were
playing the role of responders, they were more likely to accept an offer when their
decision was made in association with positive emotions, such as joy and surprise.
Positive emotions predicted higher acceptance rate, and negative emotions higher
amount of money offered. Furthermore, the participants were more likely to accept
an unfair offer when they were introverted, conscientious, and honest [46]. This
result is aligned with studies demonstrating that a positive emotional state signals a
beneficial outcome and leads individuals to use simple heuristics and not to raise too
many questions about the decision to be taken [110].

Offers in bargaining are likely to be guided by the emotions that proposers antici-
pate when contemplating their offers [83]. Positive offers may be driven by fear and
guilt, where fear is more related to the perceived consequences of having one’s offer
rejected, and guilt is more related to concerns for the opponents’ outcomes [83]. All
together these observations show that indeed, risky behaviors can be modified as a
function of the task [62], and are modulated by emotions and personality traits [126].
Hence, the participant should not be considered any more as a Homo Economicus
but rather as a Homo Sociologicus [88].

This Chapter is organized as follows. In Sect. 6.2 we review the background of
the personality traits that have been identified in the past decades, in particular the
HEXACO model. The main brain areas involved in decision making and risk taking
are listed in Sect. 6.3 following the brain imaging studies explained in Sect. 6.4. The
electrophysiological techniques used in our studies are explained in Sect. 6.5. The
experiment aimed at studying the effect of personality in the Ultimatum Game para-
digm is described inSect. 6.6,while inSect. 6.7wepresent the InvestmentGamepara-
digm derived from theGneezy Potters’ task. In the discussion Sect. 6.8 we present the
main results for each study and the chapter ends with a general conclusion (Sect. 6.9).
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6.2 Personality

Determinants of personality have been studied from different points of view in
psychology. One of them important for the referred research has examined the con-
cept of taxonomy, which refers to individuals’ characteristics within usual pattern of
behaviors, usually called traits or factors. A hierarchical structure based on 16 fac-
tors or traits extracted from the English language was presented by Raymond Cattell
(1905–1998) [24]. This model included primary traits associated with individual dif-
ferences, second-order (or global factors) associated with a more theoretical level
and third-order factors (also called super factors) representing the most abstract level
of personality. Eysenck’s (1916–1997) approach of personality defined at first two
general traits, called Extraversion and Neuroticism, which are bipolar and indepen-
dent [43]. Each factor represents a direction allowing secondary factors to have a
value on the scale. In latter years Eysenck added another trait, Psychoticism, and
settled a revised version of the Eysenck Personality Questionnaire (EPQ-R) of per-
sonality [45].

Eysenck’s model appeared too limited and in the 1990s the Five Factor Model,
known under the name of OCEAN or Big Five, has considerably contributed to study
basic personality traits along the dimensions characterized by Openness (O), Consci-
entiousness (C), Extraversion (E),Agreeableness (A) andNeuroticism (OCEAN) [31,
55]. An alternative model of personality, named HEXACO, has been developed from
lexical studies of personality structure, namely Honesty-Humility (H), Emotionality
(E), eXtraversion (X), Agreeableness (A), Conscientiousness (C) and Openness to
experience (O) [3]. Actually, both models appear to have similarities among certain
factors, notably with regard to the dimensions of eXtraversion, Conscientiousness
andOpenness to experience, whereas Big FiveNeuroticism andAgreeableness’ rota-
tion variations have been found to represent Emotionality and Agreeableness factor
within the HEXACO [1]. The sixth factor, Honesty-Humility, has been found to be
sparsely linked to the Big Five factors, whilst the Agreeableness facet of the Five
Factor Model was strongly correlated to this additional dimension.

The HEXACO dimensions can described as follows [1, 2, 76, 126]:

• Honesty-Humility: This factor includes sincerity, fairness, greed-avoidance and
modesty. Individuals with low scores on this dimension are perceived as using
advantages such as praise or compliments to obtain profits, to care about mate-
rial benefit and with a strong sentiment of pomposity, characterized by descrip-
tive adjectives such as sly, deceitful, greedy, pretentious, hypocritical, boastful,
pompous. High score individuals appear to avoid manipulation to obtain prof-
its and are not attracted by material commodities and do not have feelings such
as self-importance, in other words, they are sincere, honest, faithful, loyal, mod-
est/unassuming.

• Emotionality: This factor includes fearfulness, anxiety, dependence and sentimen-
tality. Stressful situations are not experienced as a hindrance in persons with low
score of emotionality who seem not to be worried by physical damages and do
not need to share feelings, i.e. exhibiting brave, tough, independent, self-assured
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and stable behaviors. High scores individuals are worried about dangers, feel more
anxiety in stressful situations and are commonly characterized by emotional, over-
sensitive, sentimental, fearful, and vulnerable behaviors.

• Extraversion: Social self-esteem, social boldness, sociably and liveliness (engage-
ment in social endeavors) are sub-dimensions of this factor. Individuals with low
score of extraversion are shy, passive, withdrawn, introverted, quiet, reserved and
thinking that they are unpopular and indifferent to social activities.On the opposite,
individuals with high score of extraversion feel confident, have a good self-image,
appreciate social interactions and are outgoing, lively, extraverted, talkative and
cheerful.

• Agreeableness: This factor includes forgiveness, gentleness, flexibility and
patience. Individuals with low score of agreeableness are ill-tempered, quarrel-
some, stubborn, choleric, resentful, obstinate persons who do not accept other’s
shortcoming and have difficulties to control themselves. Conversely, individuals
with high score of agreeableness tend to show tolerant, peaceful, mild, agreeable,
lenient, gentle indulgent, cooperative and patient behaviors.

• Conscientiousness: This factor includes organization, diligence, perfectionism and
prudence (engagement in task-related endeavors). Individuals with low score of
conscientiousness tend to be sloppy, negligent, reckless, lazy, irresponsible, absent-
minded, impulsive, disrupted and have a tendency to abandon in front of troubles.
Individuals with high scores tend to select safe decisions and show organized,
disciplined, diligent, careful, thorough, precise and accurate behaviors.

• Openness to experience: This factor includes aesthetic appreciation, inquisitive-
ness, creativity and unconventionality (engagement in idea-related endeavors).
Individuals with low score on this scale tend to be shallow, unimaginative, unin-
terested about art, innovation or creativity and to avoid extreme ideas to remain
rather conventional. Individuals with high score of openness to experience are
attracted by art and by various domain of knowledge, being associated with intel-
lectual, creative, unconventional, innovative and ironic behaviors.

The links between personality and risk have been revealed in several studies. In
front of a choice between a sure gain or a an uncertain greater gain, or between a sure
loss or an uncertain greater loss, results showed that Honesty-Humility was nega-
tively associated to risk in both cases, just like Emotionality [125]. In a study based
on a new self-report scale assessing “the tendency to seek and accept great risks,
particularly physical risks”, called Status-Driven Risk Taking (SDRT) [4], Consci-
entiousness was also associated to risky behaviors, but only in the gain domain. The
nature of the risk appears as an essential factor to determine the decision making. In
one case the risky decision task was based on a potential financial loss or gain, and in
the other case the risk was conceptualized mainly on a physical basis, measured by
a self-report questionnaire. A domain-specific risk-taking scale [123] measures five
different dimensions of risk, namely financial (such as Investment and gambling),
health/safety (for instance, buying illegal drug for personal use), recreational (rela-
tive to the practice of extreme sports), ethical (for example, cheating or stealing) and
social (such as approaching one’s boss to ask for a salary increase) risky behaviors.
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In an attempt to look for the association between the dimensions of the HEXACO
personality inventory and the risk taking domains, it appeared that “Emotionality”
and “Conscientiousness”were linked to all risk domains,whereas “Openness to expe-
rience” was closely related to social and recreational risks and “Honesty/Humility”
was negatively correlated to health/safety and ethical risk taking [126].

6.3 Neurobiological Background

Decision making and risk taking reflect one’s ability to engage successfully in inde-
pendent and purposive behaviors associated with the integrity of executive functions.
Studies of patientswith impaired decisionmaking in risky situations have contributed
to a better understanding of the neural circuits involved in these behaviors. Follow-
ing the discovery of behavioral changes of the notorious Phineas Gage, the study
of patients with frontal lesions have been the starting point of Damasio’s somatic
marker hypothesis [36].

Somatic markers involve different brain areas, most of them illustrated in Fig. 6.1.
The anterior cingulate cortex (ACC) is a structure located on themedial surface of the
frontal lobes. The dorsal regions of theACC is considered to correspond to its “cogni-
tive” subdivision, being crucial for error processing [22] and for mediating processes
such as response inhibition [19]. Caudo-dorsal regions of ACC share further connec-
tions with other neural systems involved in reward processing and decision-making,
such as the mesencephalic dopamine system [33] and the orbitofrontal cortex [118].
The rostro-ventral ACC corresponds to its “affective” subdivision, and is connected
to the amygdala, periaqueductal gray, nucleus accumbens, hypothalamus, hippocam-
pus, anterior insula and orbitofrontal cortex [38].

Regarding subjects with brain damages, patients with lesions of the ventromedial
prefrontal cortex, insular cortex, and orbitofrontal cortex tend to increase their betting
compared to controls and to patients with dorsolateral and ventrolateral lesion within
the prefrontal cortex [27]. These patients have impaired betting behaviors compared
to control individuals in a Gamble Task [81], more specifically, they tend to bet much
more than controls, on the contrary to patient with dorsal prefrontal lesions, which
are more likely to choose safe options like control participants [28].

Expoundingpatients’ behaviors of inattentionwere reported since the 17th century
[32]. Disorders of the cognitive control are well characterized by attention deficit [7,
114, 127] and hyperactive-impulsive behavior [7, 84, 87] that have been recognized
to be part of the core symptoms of children with Attention Deficit/Hyperactivity
Disorder (ADHD) [7]. Links betweenADHDand executive functions associatedwith
response inhibition, vigilance, working memory and planning have been established
in children [10, 92, 95, 108, 127] and have been found to be stable into young adult
age [11, 63]. Adults with ADHD are well characterized also by taking more risks in
the everyday life conduct, for instance in risky driving [116], risky sexual behaviors
[48], alcohol consumption [122], as well as in experimental conditions such as in the
Balloon Analogue Risk Task [82].
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Fig. 6.1 Human brain illustration of medial surface of the left cerebral hemisphere (modified from
[46]). The principal areas involved in decision-making are labeled in turquoise. The blue arrows
show the main modulatory projections of the nuclei using the serotonin transmitter to cortical areas.
The major dopaminergic pathways are indicated by the red arrows

Numerous studies have investigated the relationship between personality and
the major monoamine neurotransmitters particularly serotonin and dopamine [18]
(Fig. 6.1). Pathological gamblers [16] as well as subjects identified as stimulant users
are more likely to take risk than non-stimulant users [78]. It has been demonstrated
that methamphetamine consumers displayed an increased activation of the right
insula, rise which is growing according to the risk, whereas activation of ACC was
decreased compared to control participants [56]. Furthermore, activation of the ven-
tromedial part of the caudate nucleus has been found to be reduced in pathological
gamblers during the process of anticipation of gains and losses in a gambling task,
while anticipation of losses was only characterized by a reduced activation of the
anterior insula in the same population [25].
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6.4 Brain Imaging Studies

Until the 18thCentury the correlation between specific brain areas and their functions
was a matter of study by neuroanatomists who described post-mortem anatomical
inspection of the brain. Since the 19th Century the progress in microscopy led the
investigators to consider cellular features by means of histological analysis. With
the progress of electronics and nuclear physics, five major imaging methods are cur-
rently employed for studying the neural mechanisms underpinning risky decision
making, more specifically, functional magnetic resonance imaging (fMRI), positron
emission topography (PET ), transcranialmagnetic stimulation (TMS), and electroen-
cephalography (EEG). Each device has its own advantages and disadvantages, and
sometimes the combination of several methods allows to investigate different stages
within the decision making process under risk, for instance, sensory processing of
the environment, state evaluation, rule identification and outcome evaluation [6]. We
do not consider here the studies based on genomic analysis and molecular biology.

The fMRI is a technique for measuring and mapping brain activity based on the
fact that the nucleus of a hydrogen atom behaves like a small magnet [90]. The
application of a radio frequency magnetic pulse at a certain frequency provokes
the generation of a faint signal by the hydrogen nuclei detected by the magnetic
coils of the device. The topographic distribution of the excitable hydrogen nuclei
generate an image and the changes in their distribution as a function of an external
event generates a functional image. Changes in neural activity are associated with
changes in oxygen consumption and blood flow. Hemoglobin binds oxygen in blood
and oxygen-rich blood and oxygen-poor blood have different magnetic properties
related to hydrogen nuclei in water and their surroundings. An activated brain area
consumes more oxygen and blood flow to the active area must be increased to meet
this demand. Hence, during a specific mental process fMRI can be used to produce
activation maps showing the areas of the brain that are involved [90].

The insula (part of the brain illustrated inFig. 6.1)was associatedwith the selection
of risky options [94]. The activation of its anterior part appeared prior to the selection
of riskless choices following the selection of a risky option and to “risk-aversion
mistakes”, that are mistakes describing errors of judgment when individuals should
in theory take risk [74]. The insular cortex and the dorsomedial prefrontal cortex
were found to play a role in response to prior risk experience trials and the insular
activation was emphasized after those trials when participants had decided not to
gamble and in association with the personality trait of urgency [132]. The perception
of unfairness evoked also specific patterns of activation. In the Ultimatum Game, the
bilateral anterior insula, the dorsolateral prefrontal cortex and the anterior cingulate
cortex (ACC) were involved in processing unfair offers from human proposers [106].
Patients with ventromedial prefrontal damage showed prominent sensitivity to the
fair condition in the UG and were much more likely to reject unfair offers if the
proposer could have proposed an equitable offer [111].

The existence of different circuits within the brain was found by assessing tasks
with various types of risk. For instance, in a study by Knutson and Kuhnen, the
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nucleus accumbens was found to be activated prior to risky choices following two
types of situations, the selection of a safe option, and trials where individuals took
risks despite the fact that this is not the best strategy [74]. The activation of the
nucleus accumbens has been linked to the prediction of individuals’ intention to
shift toward a high-risk option [73]. The existence of an evaluating system related
to uncertainty was supported by finding activated areas associated to risk which
included the dorsal striatum (caudate nucleus) peaking significantly later than regions
associated to ambiguity (differing from uncertainty in so far as the probabilities
remain unknown), independently of individuals’ choices [67].

Altogether these results are thought to be consistent with the hypothesis of a
reward-anticipation system within the striatumwhich is “further downstream”, com-
pared to rapid vigilance/evaluation system in the amygdala.

Brain activity can also be measured with the PET technique. This technique uses
trace amounts of short-lived positron-emitting radionuclides (tracers) injected into
the body on a biologically active molecule. The physical principle is that as the tracer
undergoes positron emission decay (also known as positive beta decay), it emits a
positron. The encounters of the positrons and the electrons belonging to the local tis-
sue annihilate both particles and produce pairs of gamma rays going approximately
into opposite directions. Gamma rays arriving in temporal pairs from opposite direc-
tions are detected by specific devices and a map of radioactivities can be constructed
showing the locations in which the molecular tracer was concentrated. Based on a
principle similar to fMRI, the tracer Oxygen-15 is used to measure indirectly the
blood flow to different parts of the brain. The localization of energy intake in a given
region being associated with glucose consumption and cerebral activity can be mea-
sured by the injection of a tracer such as Fluorine-18. This radionuclide is generally
used to label fluorodeoxyglucose (also called FDG or fludeoxyglucose) that is a
glucose analogue that produces intense radio-labeling of tissues with high glucose
uptake. Carbon-11 is a radionuclide generally used to label ligands for specific neu-
roreceptors thus allowing the visualization of neuroreceptor pools associated with
psychological processes or disorders and brain activity.

During the risky decision making task, PET neuroimaging was used to show the
activation of several brain regions, corresponding to bilateral orbitofrontal cortices
followed by the right side of the dorsolateral prefrontal cortex, the anterior cingulate
cortex and the inferior parietal cortex and the last regions being the thalamus, the
anterior insula and the lateral cerebellum, all activated bilaterally [42]. However,
PET neuroimaging requires a tracer injection and its application remains limited
compared with fMRI.

Yet, another tool has proven itself in the research field, the transcranial mag-
netic stimulation (TMS). By applying a featured magnetic stimulus to a specific part
of the cortex, TMS has become an attractive instrument, eliciting a reversible and
controlled perturbation within the brain [35]. The principle of this technique is to
use electromagnetic induction to induce weak electric currents in the brain using a
rapidly changingmagnetic field [101]. Amagnetic coil placed near a selected cortical
area generates short electromagnetic pulses that pass through the skull and provoke
electrical currents that cause depolarization or hyperpolarization in the neurons of
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the targeted area. Single or paired pulses or repetitive pulses at specific frequen-
cies may provoke very different effects when applied to the same cortical area [47].
This technique was applied in studying a risk taking task. The results suggested that
the dorsolateral prefrontal cortex was not involved in changing the probability of
selecting risky options on the opposite of the role of the right dorsolateral prefrontal
cortex in the suppression of superficially seductive options and exhibiting riskier
prospects [72].

Despite the remarkable advances brought by the advent of imaging techniques
related to nuclear medicine, EEG recording remains the most widely used method
to record human brain activity with high temporal resolution (1ms time scale) in a
non-invasive way from the human scalp by means of external electrodes placed over
many standard locations determined by skull landmarks. Transient electric potentials
associated in time with a response to internal or external events are termed event-
related potentials (ERPs) [96]. The ERP is extracted from the ongoing EEGbymeans
of signal filtering and averaged over many responses to a triggering event associated
with cognitive activity involved in stimulus processing and/or action preparation.
Although ERPs can be evaluated in both frequency and time domains, we focus the
interest of this study on ERPs recorded in the time domain, i.e. the curves obtained
by averaging electric potential shifts as a function of time over several trials and
across participants. In the temporal domain “early” and “late” components of ERPs
have been extensively studied and recognized in the vast majority of experimental
paradigms, with each “peak” or component named after its lag from the triggering
event, for instance P200 meaning a waveform with a positive deflection near 200ms.

Three main stages of processing,defined as choice evaluation, response selection
and evaluation of feedback, have been suggested for the analysis of decision making
behavior [34]. A component associated with feedback processing, the third stage, is
calledMedial FrontalNegativity (MFN) or FeedbackRelatedNegativity (FRN). This
wave is associatedwith the activity in themedial frontal cortex and,more specifically,
in the anterior cingulate cortex, at around 250–350ms post stimulus presentation
[52, 99, 130]. In a risk taking task, FRN was affected by the nature of the outcome
with a weak, if any, effect of the reward magnitude and a stronger effect for losses
[13, 34, 52, 61, 99]. In addition, the FRN was found to be sensitive to unexpected
rewards [130] and affected by probabilities, only for gains not for losses [29]. The
amplitude of FRN and ACC activation were more pronounced upon receiving unfair
low offers in the Ultimatum Game, i.e. the occurrence of outcomes that are not as
good as expected, and this was accentuated for participants with high concern of
fairness [14, 65]. In UG, advantageous unequal offers elicited MFN responses with
larger amplitudes than responses elicited by equal or disadvantageous unequal offers
[103, 129].

At latencies similar toMFNanother component characterized by a positive deflec-
tion along the midline, referred to as P300 or P3, showed larger positive deflection
in response to feedback for larger actual and expected outcomes [104, 105]. It is
interesting to notice that larger P300 were also elicited by fair offers in the UG [103].
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Another ERP component associated with the outcome evaluation in decision making
under risk is measured within 500–600ms from the triggering event. In a blackjack
game N500 was measured following the appearance of the two initial cards, hence
with the option to ask for another card or not. This N500 wave is characterized with
a larger amplitude over the frontal areas for losses compared to gains [99]. Trials
with a high conflict versus trials with a low conflict, that is risky decisions versus
“conservative” responses, elicited also larger negative amplitudes for N500 [133]. In
UG task a late ERP component called the late positive potential (LPP) was observed
at a latency of 450–650ms [131]. The amplitude of LPP was larger for moderately
unequal offers than for highly unequal offers in an upward social comparison. The
large amplitude of LPP is generally obtained for high reports of affective experience
like emotional compared to neutral pictures [109].

6.5 Methods: Electrophysiological Recordings

Continuous EEGwas recorded using 64 scalpAg/AgCl active electrodes (ActiveTwo
MARK II Biosemi EEG System, BioSemi B.V., Amsterdam, The Netherlands)
mounted on a headcap (10/20 layout, NeuroSpec Quick Cap) and referenced to the
linked earlobes. Electrophysiological signals were sampled at 1024Hz with lower
cutoff at 0.05Hz and upper cut-off at 200Hz, 24 bit resolution (DC amplifiers and
software by Biosemi, USA). Electrode impedances were kept below 5KΩ for all
recordings. Vertical and horizontal ocular movements were also recorded using two
pairs of bipolar electrodes. Event-Related Potentials were analyzed with BrainVision
Analyzer 2.0.4 (Brain Products, Gilching, Germany). Raw data were preprocessed,
ocular artifacts were corrected using Infomax Independent Component Analysis
(ICA) [80]. Blink, saccade and eyelid artifact components were set to zero, based on
their respective shape and topography [98]. Markers were used off-line to segment
the continuous EEG data into epochs time-locked to events. The epochs were fur-
ther scanned for contamination by muscular or electrode artifacts and the remaining
trials were inspected visually to control for residual minor artifacts. ERP analyses
were performed on the artifact-free trials, band-pass filtered between 0.1 and 30Hz
(−12dB/octave). Trials were then corrected to baseline 500ms prior to event onset
and ERPs were obtained by averaging the EEG signal on an analysis window cor-
responding to time intervals lasting 2000ms. All free-artifact epochs were kept and
averaged in order to analyze ERPs on AFz, Fz, FCz, Cz, CPz, Pz and POz electrodes.

At the begin of an experimental session we always recorded two minutes of EEG
with the participants seating quietly with closed eyes and twominutes with open eyes
maintaining their gaze on a central fixation cross on the computer monitor. Partici-
pants were asked to restrain their movements, especially concerning eye movements
and blinks during the entire duration of the recording.
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6.6 STUDY 1: Ultimatum Game

TheUltimatumGame task [58] has beenwidelyused to investigate human“irrational”
behavior against the “rational” model of game theory, but very few studies have
looked at the effect of emotions and personality on players’s economic behavior
[106]. All participants were administered a 60 item personality questionnaire, the
French version of the HEXACO-60 personality questionnaire derived from lexical
studies [2, 76]. In the current study, participants played the UG using a computer
interface while abstract images were displayed in the background of the computer
monitor. We investigated whether the willingness-to-share was affected by specific
personality traits and associated with neurobiological correlates of the decision-
making process, extending our previous study [121].

6.6.1 Participants Task 1

Twenty-eight neurological healthy, right-handed participants (N = 28 of either sex,
age range 18–45, M = 24.6 ± 1.11 yrs.1) volunteered to participate in the study
and played with virtual money. All had normal or corrected-to-normal vision, none
reported a history of sustained head injury, and all were naive to the Ultimate Game.
They were informed about the UG test at the beginning of the study and provided
written consent for their participation in line with the Declaration of Helsinki [128].
The participants were comfortably seated in a sound- and light-attenuated room,
watched a computer-controlled monitor at a distance of 60cm, and were instructed
to maintain their gaze on the center of the monitor throughout the experiment. Con-
trasting results were reported on the association of performance with a real payoff
[54] and in this task participants were only motivated by the challenge to get the best
score and contribute to scientific investigation.

6.6.2 Behavioral Task 1

In the original version [58] the Ultimatum Game is an anonymous, single-shot two-
player game, in which a “proposer” offers to share a certain sum of money to a
“responder”. If the responder accepts the proposal, the share is done accordingly, but
if the responder rejects the offer, both players end up with nothing. In the current
implementation of the task (with E-Prime software by Psychology Software Tools,
Inc., Sharpsburg, PA 15215-2821, USA), each participant played the role of proposer
and responder in 3 alternated blocks of 30 trials each. Participants were told to play
the UG trying to maximize their gain as much as possible. Each UG trial involved

1 M± SEM, Mean ± Standard Error of the Mean.
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Fig. 6.2 Illustration of the Ultimatum Game task with the participants acting as responders. Event
(S) indicate the stimulus onset

a take-it-or-leave-it integer split of a virtual sum of 10 Swiss francs. Participants
performed all UG trials while EEG data were recorded.

Each “responder” trial started with the pressure of the spacebar of the computer
keyboard (event at time 0, Fig. 6.2). The proposer is a virtual player, a computer
program implementing a strategy such that offers occurred randomly with an equal
frequency of 14.28% each for values in the range 3–7 and with an equal frequency
of 7.15% each for values 1, 2, 8, or 9.

After maintaining the gaze on the central fixation cross for 3,000ms the mes-
sage “You are offered x . Do you accept ?”, corresponding to event S, appeared
on the center of the monitor. The responder’s decision (event HR, human player
response, Fig. 6.2) was conveyed by pressing the bottom left key (YES), labeled with
a smiled face smiley, of the numerical keypad in case of acceptance and by pressing
the bottom right key (NO), labeled with a frowned face smiley, in case of rejection of
the offer. An additional 1,000ms interval followed until the message “Please press
the spacebar to continue” appeared on the center of the monitor. By pressing the
spacebar a new responder trial started. All the results presented here are related with
the responder condition (see Fig. 6.2). If the participants asked whether the experi-
menter was playing the opponent party, the experimenter replied that the other party
was a virtual player programmed to play according to observed human strategies.
The overall experiment lasted about 30min.
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6.6.3 Results Task 1

6.6.3.1 Subjects’ Strategy

In order to investigate the effect of personality traits on responder’s decision-making
in the UG, we calculated all correlations between the personality traits and the par-
ticipant’s gain, the opponent’s gain (i.e., here is the virtual proposer’s gain) and the
average value of the accepted offer. Concerning the correlations between personality
traits, Table6.1 shows that Honesty and Conscientiousness are positively correlated
(r = 0.413).

About the gains (variables 7, 8, and 9 of Table6.1), it was not surprising to observe
a negative correlation (r = −0.912) between the (virtual) proposer’s gain and the
average value of the offer accepted by the responder. The higher the value accepted
by the responder the lower the gain made by the proposer. Offers in the ranges of
values 1–3, 4–6, and 7–9 were termed wretched, fair, and prodigal, respectively.

Following a rational decision-maker it appears that it is always convenient to
accept wretched offers rather than rejecting. This was confirmed by observing a
negative correlation (r = −0.560) between the responder’s gain and the average
value of the offer accepted by the responder. The lower the value accepted by the
responder the higher the gain made by the same responder. To explore this further,
we considered the range of the offer as an independent variable and the acceptance
rate as a dependent measure. A one-way repeated measures ANOVA was performed
with N = 28 participants, with Bonferroni adjustment for multiple comparisons
[41]. Indeed, the acceptance rate was significantly dependent on the offer range
proposed by the virtual player, F(1.60, 44.91) = 78.62, p < 0.001 (after Huynh-
Feldt correction for violation of sphericity [68], χ2 = 9.82, p < 0.01, ε = 0.80). All
paired comparisons showed significant differences (p < 0.05) between acceptance
rate for prodigal (95.6 ± 2.0%) compared to fair (83.1 ± 3.7% ) and wretched
(31.6 ± 5.8%) offers.

However, an interesting ’irrational’ result was revealed by a high and positive cor-
relation (r = 0.810) between the gains made by the responder and by the proposer.
This indicates a strong tendency towardswillingness to share expressedby the respon-
ders. Hence, we investigated further this aspect and studied whether differences in
brain activity could be observed between participants expressingmore or less fairness
in their strategy.

6.6.3.2 Event-Related Potentials

The brain activity associated to the response made following the fairness of the
offer was studied by means of the grand averages from central electrode positions
(Fig. 6.3). The limited number of prodigal offers that were rejected did not allow us
to include grand averaged ERPs in this set of results. During the trials characterized
by the acceptance of wretched offers (Fig. 6.3, left panel) we noticed larger positive
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Fig. 6.3 Event related potentials during the Ultimatum Game. Grand-average ERPs at electrode
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deflections at the central sites at latencies corresponding to FRN. It is interesting
that acceptance of fair offers (Fig. 6.3, left panel solid line) and rejection of wretched
offers (Fig. 6.3, right panel dashed line) were characterized by larger late positive
component (LPP).

As mentioned above (Sect. 6.6.3.1, Table6.1) the personality trait “Conscien-
tiousness” was strongly associated with the participant’s gain. We selected two sub-
groups following their conscientiousness score (10–minimum; 50–maximum) to the
HEXACO questionnaire: highest rated participants (sample size N = 6) with a score
in the range 39–48 and lowest rate participants (N = 6) with a score in the range
16–29. Figure6.4 shows that for the FRN component the largest differences between
the two groups were observed after rejecting the offer. Notice that here the responses
to all kinds of offers (wretched, fair and prodigal) were pooled together. Lowest rated
conscientiousness participants were characterized by larger negative deflections for
the FRN, in particular in the fronto-central sites (FCz to AFz). In both cases, either
after acceptance or rejection of the offer, the LPP component was larger for the high-
est rated participants. Interestingly, the difference in LPP tended to be located more
posteriorly after response acceptance (Fig. 6.4, left panel) and more frontally after
response rejection (Fig. 6.4, right panel).

6.7 STUDY 2: Investment Game

The Gneezy Potters’ Game is a gambling task developed in order to test whether
gambles could be influenced by the incidence of the outcomes’ presentation [53]. Two
distinct theories, namely the “Myopic Loss Aversion” (MLA [8]) and the “Subjective
Expected Utility” (SEU [107]) have been called to explain this specific decision
making process. The MLA theory relies on the fact that the individuals have the
tendency to be more sensitive to losses than to gains (called Loss Aversion [70]) and
on the methods used by the individuals when they take financial decisions (called
Mental Accounting [115]). According to MLA, individuals would tend to evaluate
each gamble in combination, and hence, bet higher stakes when the incidence of the
outcomes is low. Conversely, according to SEU, individuals would tend to evaluate
each gamble separately, and consequently, outcomes’ incidence would not influence
the amount of stakes.

Gneezy and Potters’ set an experiment where, in the first part, the feedback infor-
mation was given immediately after each trial (named High frequency feedback),
and, in the second part, feedback was presented after a block of several (three) tri-
als (named Low frequency feedback). Throughout the first part of the experiment, a
fixed endowment was given to the subjects at the beginning of each trial, while bets
within the second part were constituted of previous earnings at the time of the first
part. The probability to win the lottery was set to 1/3, while the probability to loose
the investment was 2/3. During the game, participants had the opportunity to adjust
the sum of money they were willing to bet at each trial within the high frequency
condition, whereas choices were unchangeable during the whole block in the low
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frequency condition. The original results indicated that gambles were influenced by
the incidence of the outcomes’ presentations [53]; in particular, subjects’ bets were
significantly larger in the trials belonging to the low frequency feedback condition,
thus supporting the MLA theory.

6.7.1 Participants Task 2

Eighty-eight participants (N = 88 young adult subjects of either sex age range 18–
30) were included in this study, as part of the sample of the participants enrolled in
the research project supported the Swiss National Science Foundation grant CR13I1-
138032. The sample included ADHD patients (NADH D = 38) and control subjects
(NCT RL = 50) (Table6.2). All had normal or corrected-to-normal vision, none
reported a history of sustained head injury. They were informed about the Investment
Gameat the beginningof the study andprovidedwritten consent for their participation
in line with the Declaration of Helsinki [128]. The participants were comfortably
seated in a sound- and light-attenuated room,watched a computer-controlledmonitor
at a distance of 60cm, and were instructed to maintain their gaze on the center of the
monitor throughout the experiment.

The pool of ADHD patients (M = 22 ± 0.48 years old) was recruited after an
initial screening appointment to ensure that patientswere fulfilling the fourth edition’s
text revision of the Diagnostic and Statistical Manual of Mental Disorders fourth
edition (DSM-IV-TR) for inattentive, hyperactive/impulsive or mixed subtypes [5].
We excluded ADHD patients with neuropsychiatric disorders such as mood disorder,
bipolar disorder, psychosis, autism or Asperger’s syndrome, antecedent of Tourette’s
syndrome, presence of motor tics, suicidal behavior, chronic medical conditions,
and drug or alcohol abuse. The pool of control participants (M = 22± = 0.42
years old) was recruited through the student database of the University of Lausanne
(Switzerland). Student fromEconomics and Psychology faculties did not took part in
the experiment. One subject was excluded from the study, due to psychiatric history.

Two weeks before the appointment, all subjects were requested to answer the fol-
lowing online questionnaires: the HEXACO Personality Inventory [76], the Current

Table 6.2 Demographic characteristics of ADHD (left side) and control (right side) participants

ADHD Control

Total participants recruited 38 50

Gender (M/F) 31/7 33/16

Mean age (Y. old ± SEM) 22 (±0.48) 22 (±0.42)

Handedness preference (L/R/both) 5/32/1 2/47/0

Exclusions 0 1

Total included 38 49
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modify their choice during 4s before having the outcome (I + 4s)

Behavior Scale (CBS), developed to examine executive function deficits in adults
with ADHD [12], the Conners Adult ADHD Rating Scales (CAARS-S SV ) [30], and
the adult ADHD Self-Report Scale (ASRS) symptom checklist [71]. On the experi-
mental day the participants were welcomed and requested to complete a handedness
inventory [91] and underwent a short structured diagnostic interview for psychiatric
disorders known as Mini-International Neuropsychiatric Interview (M.I.N.I) [113].

6.7.2 Behavioral Task 2

Thepurpose of this study is to investigate risk-taking in the context of the occurrence’s
frequency of the feedback information in an Investment Game that is a modified
version of the Gneezy Potters’ task [53]. Subjects were endowed with 20 points at
the beginning of each trial and were asked to choose the amount of points (out of the
possible choices 0, 4, 8, 12, 16, 20 points) to invest in a risky project. The probability
to win 3 times the amount invested was 1/3, whereas the probability to loose the
entire investment was 2/3. The whole session was composed of 10 games× 4 blocks
× 4 trials, overall 160 trials. Outcomes were presented immediately after half of
the trials (condition “high frequency feedback”, HFFB), while the other half were
presented at the end of each block (condition “low frequency feedback”, LFFB).
Conditions were alternated at each block. The procedure of the Investment Game is
summarized in the Fig. 6.5.

Each trial started with the pressure of the spacebar of the computer keyboard
leading to the forthwith appearance of the investment option screen (event S). The
participants selected an amount to be invested, in accordance to their desire without
any time limit, by pressing a mouse key (event I). After the decision was made, an
additional interval of 4000ms was provided to the participant to modify the initial
choice. Immediately thereafter the result screen appeared, revealing the end of the
trial. The investment options were characterized by six circles of 1.4cm diameter,
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with a total length of 11.6cm. They were aligned next to each other and did not
exceed 5◦ from the left or right of the monitor’s center. Numerical labels were set at
1.8 cm above each option center.

The EEG was recorded throughout the duration of the Investment Game task.
Markers corresponding to the events were inserted in the data files for off-line analy-
sis. Data were segmented using time window from 500ms prior to marker to 1500ms
post-marker presentation.

The participants belonging to each group and sample were determined according
to their reaction time. For instance, trials characterized by an interval larger than 4
seconds to select the amount to be invested were discarded and the individuals whose
behavior included a majority of such trials were left for other analyses. In addition,
after rejecting segments with major artifacts, participants with less than 50% of valid
data segments were excluded from the ERPs analysis.

6.7.3 Results Task 2

6.7.3.1 Risk Taking

The count of times a participant selected a low investment risk (i.e., 0, 4, or 8 points),
termed L I R, and the count of times a participant selected a high investment risk
(i.e., 12, 16, or 20 points), termed H I R, were used to compute an investment risk
index I Ri = H I R−L I R

H I R+L I R . Thus, the value of I Ri is centralized within the range [−1
– +1]; an index closer to −1 characterizes a participant with risk averse strategy, an
index closer to +1 characterizes a risk seeking participant, and an index near zero
being associated with a risk neutral attitude. Each individual was defined on a scatter
plot with I Ri calculated for (HFFB) trials on the abscissa and I Ri for (LFFB) trials
on the ordinate (Fig. 6.6). The distribution of I Ri was rather flat for the pool of
control participants with negative values of kurtosis (−0.81 and −0.95 for HFFB
and LFFB conditions, respectively; Fig. 6.6a). On the opposite, the pool of ADHD
patients showed a tendency to higher degree of peakedness with positive values of
kurtosis (0.23 and 0.09 for HFFB and LFFB conditions, respectively; Fig. 6.6b). We
can interpret this result as a clear tendency of ADHD patients to seek an investment
strategy with neutral risk, neither too low neither too high.

In the same figure it is possible to evaluate the tendency of the participants to
keep the same strategy with and without the feedback. A striking result allows to
differentiate the control group and the pool of ADHD patients. If a participant keeps
the same strategy, then the corresponding dot in the scatterplot would be lying along
the diagonal line with unity slope. In the control group we observed 6/49 (12%)
participants who expressed a modified strategy assessed by a change in the I Ri of
more than 2 times the standard error of the mean (SEM) (Fig. 6.6a). Conversely, in
the ADHD group we observed more than the double of participants (11/38, 29%)
characterized by a change in the I Ri of more than 2 SEM between HFFB and LFFB
conditions (Fig. 6.6b).



166 S.K. Mesrobian et al.

Fig. 6.6 Scatter plot of the
investment risk index I Ri
during ‘high frequency
feedback’ (HFFB) and ‘low
frequency feedback’ (LFFB)
conditions for control
(panel a) and ADHD
(panel b) participants. Each
dot represents the data from
one participant. Dashed lines
represent the 95%
confidence interval.
Histograms represents the
marginal relative
distributions of risk index
I Ri for each condition and
group of participants
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Linear regressions of the scatter plots in Fig. 6.6 allow to further assess the risky
behaviors of the two groups of individuals in the high and low feedback conditions.
With no change in strategy between the two conditions the slope of the regression
would be equal to 1, thus indicating that participants did not take more risk in a
condition rather than in the other. A regression line with a slope greater than 1
would mean that the participants of a group would consistently tend to take more
risk in the LFFB condition compared to the HFFB trials. On the opposite, a slope
less than 1 would characterize a group whose individuals would take more risk in
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Fig. 6.7 Event related potentials during the Investment Game. Grand average at Fz, FCz, Cz, CPz,
Pz and POz sites for all participants and all conditions pooled together. Left side: ERPs triggered
by event S corresponding to the self-paced start of trial. Right side: ERPs triggered by event I
corresponding to the choice of the investment amount

the HFFB condition. The regression equations for the two groups of participants
were y = −0.005 + 1.039x and y = 0.045 + 0.813x for controls and ADHD
patients, respectively (with x standing for I RiH F F B and y for I RiL F F B). We tested
the difference between the two slopes after bootstrapping 1000 times with the null
hypothesis that the slopes were the same. The difference was significant (t(1998) =
2.2156, p < 0.05), thus suggesting that ADHD tended to show higher risk taking
attitude during the HFFB trials.

6.7.3.2 Evoked Potentials

Thebrain activity associated to the risk takingbehavior during the InvestmentGame is
illustrated by the grand averages of the event related potentials from central electrode
positions (Fig. 6.7). The trigger eventswere the self-paced start of trial (event S),when
the participant pressed the spacebar, and the investment selection (event I, Fig. 6.5).

Self-paced Trial Onset

The decision to start a trial is clearly associated to a negative wave (here labeled
“M”) in the fronto-central sites beginning to appear 150–200ms before pressing the
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spacebar (Fig. 6.7, left side). The trial onset S triggered also a negative deflection
N200 spreading from frontal to occipital sites. Then, a mental activity related to the
build-up of risk taking decision making appeared with main parieto-central distrib-
ution and expressed by a large positive deflection (P300) immediately followed by
the contingent negative variation.

In order to assess the time course of the feedback frequency effect we calculated
at first for each participant the ERPs for HFFB and LFFB trials separately. Hence,
we calculated the feedback-related differential activities (in microvolts) for controls
(subset of n = 9 participants, Fig. 6.8a blue lines) and ADHD participants (subset
of n = 14 participants, Fig. 6.8a red lines) (see Sect. 6.7.2 for details on included
participants) computed by subtracting the ERP associated with HFFB from the ERP
associated with LFFB.

Differences between controls and ADHD participants were detected in time and
space by computing the absolute value of the difference between the feedback-
related differential brain waves for controls and ADHD participants. In Fig. 6.8b,
these absolute differences are plotted for three intervals corresponding to the most
significant differences (i.e., intervals characterized by the largest separations between
the red and blue shaded areas). The first event occurred near 350ms before the trigger
onset. The absolute differential value was small and no specific distribution along
the midline was observed. On the opposite, at lags near 1190 and 1450ms after
the trigger onset we observed a difference between the groups located mainly in the
frontal areas. These latencies correspond to the contingent negative variation (CNV).
For the ADHD patients the red curves were overlapping the zero line at CNV lag
(after 1000ms), thus indicating no feedback-related difference (Fig. 6.8b). For the
controls, the feedback-related differential activities (blue lines) were significantly
(p < 0.05) above the zero line, thus indicating that CNV for low frequency feedback
was characterized by greater amplitude than CNV for high frequency feedback, at
most at the level of the frontal sites.

Investment Choice

The investment choice (I) triggered a positive deflection near 250ms (Fig. 6.7, right
side), termed P250, that was larger in the frontal sites and propagated to the pos-
terior regions. In the same way we have previously analyzed the activity after the
self-paced trial onset, we assessed here the time course of the feedback frequency
effect for HFFB and LFFB trials separately for each participant and calculated the
grand averages of the differences for a subset of participants (sample si ze N = 12
and N = 15 for controls and ADHD, respectively, see Sect. 6.7.2 for details on
included participants). Figure6.9a shows feedback-related differential activities (in
microvolts) for controls (blue lines) and ADHD participants (red lines) computed
by subtracting the ERP associated with “high frequency feedback” (HFFB) from
the ERP associated with “low frequency feedback” (LFFB). Time intervals of the
most significant differences (i.e., intervals characterized by the largest separations
between the red and blue shaded areas) were detected near 240ms before the invest-
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Fig. 6.8 Investment Game: brain activity triggered by self-paced trial onset (event S, Fig. 6.5).
a Feedback-related differential activities showing the effects of feedback frequency for controls
(blue lines) and ADHD participants (red lines). These feedback-related differential activities were
computed by subtracting the ERP associated with ‘high frequency feedback’ (HFFB) from the ERP
associated with ‘low frequency feedback’ (LFFB). The confidence interval (mean curve ±SEM)
of the difference between the two conditions is shown for each differential activity by the shaded
areas. b The absolute value of the difference between the feedback-related differential curves for
controls and ADHD participants is presented as colour curves for electrodes Fz, FCz, Cz, CPz, Pz
and POz at three time intervals, represented by the ticks along the time axis (Lag)

ment choice and 20 and 520ms after the trigger (Fig. 6.9b). It is interesting to notice
that the location of the differences between the two groups of participants tended to
be located at the frontal sites for the first two intervals and at the parieto-central sites
for the interval near 520ms after the investment choice.
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Latencies and Personality

Weanalyzed the distributions of the scores for the the dimensions and sub-dimensions
of the personality traits determined by the HEXACO-Personality Inventory. In the
results presented in this chapter, we subdivided the groups of participants according
to lower (below 31) and higher (above 31) score to Conscientiousness andAgreeable-
ness dimensions and to lower (below 10) and higher (above 10) score to Sincerity, a
sub-dimension of Honesty-Humility dimension. In order to determine whether brain
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activity during the Investment Game was associated with the selected personality
traits determined by the HEXACO-Personality Inventory, we focused our analysis
on the latencies of the peaks of two important ERP components observed during
this task, to wit, N200 after the self-paced trial onset (Table6.3) and P250 after the
investment choice (Table6.4).

We observed that in the ADHD group the frequency of feedback information
affected overall the N200 peak latency across all sites (180 and 172ms for HFFB
and LFFB trials, respectively; the difference is significant p < 0.05), without any
specific association with a personality trait considered here. It is interesting that
during the HFFB condition the control participants with a high Conscientiousness
score were characterized by a significantly shorter latency (approximately 30ms,
p < 0.05) of the N200 peak (Table6.3). According to the Sincerity trait we observed
at parietal sites that control participants with low scoreswere characterized by shorter
N200 latencies (approximately 16ms longer, p < 0.05), irrespective of the feedback
frequency. On the opposite, for ADHD participants, only during HFFB and only at
fronto-central sites, N200 peaked earlier for participants with higher scores. We did
not observe any relevant change of N200 peak latency with respect to Agreeableness.

The analysis of P250, occurring after the investment choice (Table6.4), for the
ADHD group showed that the latency of the peak occurred 7ms on average earlier in
the LFFB than in the HFFB (248ms versus 255ms, p < 0.05). This difference was
measured by pooling together all recording sites. Moreover, this analysis revealed
some interesting effect of the ADHD participants personality traits. In the ADHD
group the individuals exhibiting higher scores in Agreeableness showed a shorter
P250 latency along allmidline recording sites (approximately 18ms faster, p < 0.01)
in the low frequency feedback condition (Table6.4).During high frequency feedback,
the difference in latencies for the ADHD participants was limited to posterior sites
POz and Pz. On the opposite, high scored Conscientiousness ADHD participants
tended to show a shorter P250 latency only at fronto-central sites (approximately
9ms faster, p < 0.05), irrespective of the feedback frequency. No effect of Sincerity
was observed in the ADHD group.

In the control group, the latency of P250 was about the same (251ms, on aver-
age) during both LFFB and HFFB conditions. Hence, it was very interesting to
observe amajor effect of the personality traits.High scoredConscientiousness control
participants showed a P250 latency shorter by 22ms (p < 0.01) compared to
low scored Conscientiousness, irrespective of the feedback frequency. The effect
of Agreeableness on controls was even larger, P250 latency was 25ms shorter
(p < 0.01) in low versus high scored Agreeableness participants, evenly distributed
along the midline recording sites. The effect of Sincerity was similar to Agreeable-
ness with P250 latency shorter in low scored participants, by 14 and 9ms during low
and high frequency feedback, respectively.
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6.8 Discussion

Study 1
In Study 1 we demonstrated the association of fairness and personality traits with
specific components of the ERPs in the UG task. The behavioral results showed
that Conscientiousness was the personality trait most related to the responder’s gain
(Table6.1). Moreover, responders were more likely to accept an unfair offer when
they were conscientious. The electrophysiological results showed larger FRN and
smaller LPP components when the responders rejected fair versus wretched offers.
In the accepting condition the LPP (especially in the posterior electrodes) showed
different trends for participants characterized by lower versus higher score of Con-
scientiousness. This difference was bigger when the responders rejected the offer.

Behavioral results were in line with recent UG studies where both fairness [64,
119, 131] and emotional statement [21] strongly affected the acceptance rate of UG
responders. In our previous study we found that offers made by proposers in the UG
tended to fair split rather than unequal amount, with positive emotions predicting
higher acceptance rate, and negative emotions higher amount of money offered [46].
Responders were more likely to accept an unfair offer when they were introverted,
conscientious, and honest.

Integrity of the ventromedial prefrontal area was reported to be associated with
the perception of fairness in the UG [111]. Patients with damages of this area were
much more likely to reject unfair offers if the proposer could have made fair offers.
Unfair offers in the UG evoked more negative emotional ratings and elicited larger
FRN than fair offers [64].

The expectation of the value received by a responder plays an important role in
the activity of frontal areas, as revealed by smaller amplitudes of FRN components
when an outcome was better than expected and larger FRN amplitude when the
outcome was worse than expected [66]. The increase of high feedback outcome
volatility was associated with FRN [13], thus supporting the hypothesis that the FRN
complex might be associated with the presence of contrasting cognitive responses
and emotional motivations following changes in the outcome rule [15, 69, 134].

The FRNwas suggested to reflect the impact of themidbrain dopaminergic signals
on the ACC [65, 86]. The phasic decrease in dopamine input, elicited by negative
prediction errors, would give rise to an increased ACC activity, associated with larger
FRN amplitude. On the opposite, the phasic increase in dopamine signals, elicited
by positive prediction errors, would decrease ACC activity, thus showing a smaller
FRN amplitude. The relation of dopamine to personality traits [39] and the positive
reward signal generated by the dopaminergic system contrasting the unfairness of
the offers in the UG [21] support the hypothesis that dopamine plays a key role in
modulating the decision making circuit.

Study 2
In the original version of the Gneezy Potters’ task [53] the participants had to choose
in advance the amount to invest for a set of three consecutive trials in the low fre-
quency feedback condition only. In the Investment Game used in our study, the
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participants were given at each trial the possibility to select the amount to gamble
regardless of the condition. In the original study, the frequency of feedback presen-
tation had an impact on the amount invested, that is, the participants gambled larger
amounts when the outcomes were presented less frequently, compared to blocks
when the outcomes were shown at the end of each trial, in accordance with the
Myopic Loss Aversion (MLA) [8]. In the present study, the behavioral results show
that control participants exhibited a broad range of strategies, from poor to high risk
taking, but their strategy tended to be unaffected by the feedback frequency of the
outcome. These results suggest that control participants were more likely to evaluate
each trial separately in agreement with the Subjective Utility Theory (SEU) [107].
Therefore, the results of the original task have not been replicated in the present
study. However, the modification of the experimental manipulations may explain the
difference between the original and the current studies; the discount of an endowment
at the beginning of each trial in both conditions is likely to have left unaffected the
participants’ risk perception in our Investment Game.

Individuals suffering fromADHD generally exhibit hyperactivity, inattention and
impulsivity since their childhood and are associated with cognitive impairments in
inhibitory control and executive function, problems in social interaction, increased
risk of depression and substance abuse. Medications used to treat ADHD suggest
that a deficit in dopamine and norepinephrine regulation may constitute the primary
neurochemical basis leading to ADHD symptoms, with anomalous interaction of
the dopaminergic and serotoninergic neuronal systems [89, 112]. Despite signifi-
cantly differing from controls in group comparisons, ADHD individuals also show
considerable inter- and intra-individual variability [102]. The majority of the partici-
pants belonging to the ADHD group were characterized by a risk index close to zero
inour Investment Game, thus suggesting a behavior generally oriented towards risk
neutral attitude. The ADHD participants showed a tendency to take more risk dur-
ing the high frequency feedback condition, somehow the opposite strategy observed
during the original Gneezy Potters’ task [53]. The attentional deficits combined to
impulsivity in ADHD participant are factors likely to limit inferences in the low
frequency feedback condition (LFFB). This may have encouraged them to express
a greater risk-taking behavior in the condition where the feedback was immediately
displayed, thus allowing them to adjust their investment in order to maximize their
earnings.

N200 is a negative component that has been observed to peak between 180 and
325ms after stimulus onset [93] in several tasks, such as Oddball, Stroop, Go No-Go
and Flanker tasks [49]. Specific subcomponents of N200 have been associated with
changes in the frequency of stimulus presentation and to the difference of target and
non target items [49, 51]. In our Investment Game task N200 was triggered by the
self-paced start of trial (event S). At the end of the game, the participants reported to
decide the sum to invest just before clicking on the spacebar that starts the actual trial.
Hence, the presentation of the amount to gamble (one among six possibilities) appears
as a target amount surrounded by flankers, a condition well known to evoke N200.
The latency of this component was generally shorter for ADHD participants during
LFFB, compared to HFFB and to controls. It is interesting to notice that shorter N200
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latencies were also observed in the control group but only for high Conscientiousness
participants (in both frequency feedback conditions, although the effect was stronger
in HFFB than LFFB). In the control group and during LFFB condition, we observed
larger amplitudes for the contingent negative variations mainly at the level of the
frontal sites.

The time when the participants selected the amount they wanted to gamble in the
risky project (event I, the investment choice) triggered mainly a positive component
P250 followed by a negative wave N500 in the ERPs. The P250 could be interpreted
in terms of a P300-like, with an apparent maximum over frontal and fronto-central
areas associated with the evaluation of the decision which has been taken.

The P300 component in decisionmaking tasks is a positive deflection peaking near
300ms after the trigger onset in relation with the response of the outcome after taking
a decision [85, 100]. This wave is likely to be generated by the cognitive processing
following the feeling of “dissonance”, i.e. the possibility of being wrong after taking
a decision [17]. It is interesting the fact that up to P250 the differences between
ADHD and controls in feedback-related differential waves were located at fronto-
central sites. In Study 2, larger differences in feedback-related differentials between
the groups appeared at parieto-occipital sites for the N500. This ERP component was
larger over the frontal areas but feedback-related effects were more relevant along
the posterior sites of the midline. N500 is associated with the outcome evaluation in
decision making under risk [99, 133] and the fact that differences appeared between
the twogroups for thiswave support the hypothesis thatADHDparticipants processed
the outcome of a risky investment following circuits and dynamics that are different
from controls.

Personality
It is known that risky decision making is associated with personality traits [125,
126] and that dopamine and serotonin are essential modulators of the expression of
personality traits and decision making brain circuits [23, 39]. In the present chapter
we analyzed all main personality traits determined by the HEXACO dimensions
[1, 2, 76, 126] for the Ultimatum Game. For the Investment Game we limited our
analysis to personality traits identified on the basis of a non unimodal distribution
among the control andADHDparticipants, towit, Conscientiousness, Agreeableness
and Sincerity. For each personality trait we subdivided the participants to Study 2 in
two subgroups, those with lower and those with higher score. Hence, the discussion
is limited here to these three personality traits.

Conscientiousness has been defined by four facets, organization, diligence, per-
fectionism and prudence [76]. A structural MRI study found that Conscientiousness
was associated with greater volume of the middle frontal gyrus in lateral prefrontal
cortex, a region involved in planning and in voluntary control of behavior [40] and
may reflect the function of the dorsal premotor cortex in executive function [75]. Con-
scientiousness was positively associated with the responder’s gain in the Ultimatum
Game. After rejecting the offer the participants with the lowest score of Conscien-
tiousness were characterized by larger negative deflections for the FRN, in particular
in the fronto-central sites. This result appears in agreement with the hypothesis that
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the FRN complex might be associated with the presence of contrasting cognitive
responses and emotional motivations following changes in the outcome rule [15, 69,
134]. In the UG, after either acceptance or rejection of the offer, the participants
with the highest score of Conscientiousness exhibited larger LPP component, ut the
difference in LPP tended to be located more posteriorly after response acceptance.
This late positive potential is an ERP component reflecting facilitated attention to
emotional stimuli. In adults, the LPP is reduced following use of cognitive emo-
tion regulation strategies such as reappraisal [37]. After presenting pleasant pictures
fMRI studies [79] revealed that the LPP amplitude was correlated with the activa-
tion of the medial prefrontal cortex, amygdala, and precuneus (Fig. 6.1), whereas
for unpleasant pictures the LPP amplitude was correlated with the activation of the
ventrolateral prefrontal cortex, insula, and posterior cingulate cortex (Fig. 6.1).

Control participants with a high score of Conscientiousness were characterized by
shorter N200 latency in our Investment Game. The lateral prefrontal cortex is likely
to be associated with behavioral inhibition, which can suggest that individuals with a
high score are likely to inhibit response to flankers faster than low score individuals.
The effect of Conscientiousness on the latency of P250 was visible mainly in the
control group and, to a lesser extent, only at fronto-central sites for the ADHD
participants. The amplitude of P250 is likely to be larger over frontal and fronto-
central areas associated with the evaluation of the decision which has been taken.
P250 peaked earlier for individuals with higher score than in the low score subgroup.
A possible interpretation is that individuals with high levels of Conscientiousness
reach the evaluation of their decision prior to the least conscientious subjects. In
control groups this processing appears to involve also posterior regions that are
likely to be less activated in the ADHD.

Agreeableness has been defined by four facets, forgiveness, gentleness, flexibility
and patience [76] and its social and emotional aspect can reflect the fact that individu-
als react to their own choice. Agreeableness has been linked to interpersonal conflict
[57] and to susceptibility to framing [124]. The volume of brain regions involved in
social interaction, including superior temporal sulcus, posterior cingulate cortex, and
fusiform gyrus were associated with Agreeableness [40]. In a fMRI studyAgreeable-
ness predicted the activity in the left dorsolateral prefrontal cortex associated with
emotion regulation [60]. In our Investment Game, P250 peaked earlier for controls
with lower score of Agreeableness, but with ADHD participants P250 peaked earlier
in higher ranked individuals. These results lead us to suggest that the difference
between the subgroups is that controls and ADHD individuals use different circuits
to implement emotion regulation and evaluate interpersonal conflicts in a different
way.

Sincerity is one of theHonesty-Humility’s facetwithin theHEXACOand has been
associated to ethical and to the health and safety domains [126]. In control participants
performing our Investment Game, N200 peaked earlier for individuals with lower
scores of Sincerity only at the parietal sites. In the Investment Game the amount to
gamble appears as a target amount surrounded by flankers. In ADHD participants,
N200 tended to peak earlier for individuals with higher scores of Sincerity only at
the fronto-central sites and only during high frequency feedback. This latter finding,
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along the same line of interpretation of N200mentioned above, suggests that in these
ADHD participants, the activity of the lateral prefrontal cortex was likely to inhibit
the responses to flankers. The data regarding P250 show that the effect of Sincerity
was similar to Agreeableness with P250 peaking earlier in low scored participants.
Sincerity is related to the ethical risk taking and the interpretation could be that less
sincere individuals reach the evaluation of their decision prior to the most sincere.
Hence, the P300-like wave could represent a good marker sensitive to the ethical
aspect of gambling.

6.9 General Conclusions

The aim of the present chapter was to highlight how the determinants of personal-
ity, assessed by the HEXACO (see Sect. 6.2) personality inventory, interacted with
decision making, especially, with regard to fairness and risk taking. In this respect,
we conducted 2 separate studies in which EEG signals were recorded while par-
ticipants were performing either an Ultimatum Game or an Investment Game. In
the Ultimatum Game, event-related potentials (ERPs) analysis revealed a greater
feedback-related negativity (FRN) amplitude after the rejection of the offer among
responders with lower score of Conscientiousness, whereas highly conscientious
responders showed a larger late positive component (LPP) regardless their decision
to reject or accept the offer. Conscientiousness, Agreeableness and Sincerity were
associated with risky decision making. Indeed, latencies of the negative wave occur-
ring at around 200ms (N200) and of the positive deflection peaking at around 250ms
(P250) components dependent on how individuals process responses to a selected
gamble and evaluate the outcome in the Investment task, in association with specific
personality subgroups to which they belonged. In particular, N200 peaked earlier in
individuals with high levels of conscientiousness, controls with low score of sincer-
ity and highly sincere patients with attention deficit/hyperactive disorder (ADHD).
Furthermore, P250 peaked earlier in highly conscientious individuals, controls with
low levels of agreeableness and ADHD patients with high levels of agreeableness,
and likewise for sincerity. These results clearly show that imperfect decision making
and risk taking are affected by personality traits and can not be accounted by models
based on rational computations.
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