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ABSTRACT 

Within the neuroeconomics field, there are two evident situations in which decision-
making process do not respect the rule of expected utility: gambling and moral behaviors. 
In the case of gambling behavior, a tendency to engage in risky decision-making could 
lead to choose disadvantageous options (loss vs gain) and long-term negative economic 
consequences. Regarding moral behavior, subjects prefer options not always related to 
their expected utility, but more to their social and ethical significance (fair vs unfair). 
This commentary discusses both the theoretical and empirical basis of these behaviors, 
focusing on neurophysiological methods adopted to investigate commonalities and 
differences in physiological and behavioral subjects’ responses. The dichotomy between 
emotions and rationality will be explored considering two popular economics games, 
Iowa Gambling Task and Ultimatum Game, and will be discussed in the light of 
somatic marker hypothesis frame. We propose a multidimensional approach to describe 
more in-depth real-world decision-making situations in neuroeconomics. 
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1. INTRODUCTION 
  

This conceptual description proposes a multidimensional approach to explore 
people behaviors in terms of their tendency to act as gamblers or under moral 
“dilemmas”, thus considering the propensity of choosing alternatives not only 
with the goal of maximizing utility but also driven by other, functional or 
dysfunctional, reasons and strategies. We believe that the combination of 
behavioral measures, such as the Iowa Gambling Task (IGT; Bechara et al., 
1994) and the Ultimatum game (UG; Sanfey et al., 2003), with 
neurophysiological techniques may describe more in-depth decision-makers 
strategies and could provide a complete overview of these complex phenomena, 
specifically in neuroeconomics. 
 
 
 
2. GAMBLING AND MORAL BEHAVIORS IN NEUROECONOMICS  
  
Within the neuroeconomics frame, the expected utility model (Bernoulli, 
1738) is still considered a predominant theory, according to which “individuals 
choose between different alternatives by estimating the desirability or utility of 
each action’s possible results, gauging those utilities by their likelihood of 
occurring, and choosing the course of action that provides the highest gain”. 
Central parameters of this theory are decision predictability and the outcome 
value, both assessed by mainly using rationality. However, this model often 
fails to describe real-world decision-making situations (e.g., investment choices) 
being influenced by other variables such as the history of previous decisions, 
ambiguity of the choice, personality traits of the decision maker (i.e., risk seeker 
or risk-averse person), the underestimation of the likelihood of negative 
consequences, or their discount because they are in the future, the adaptation 
to social pressure or perceived norms and outcomes of social significance (e.g., 
altruism). This being so, alternative theories (for example the Prospect theory; 
Kahneman & Tversky 1979) have been formulated to explain conditions that 
violate classic economic decision-making rational rules, and the presence of 
additional moderating variables even related to emotional aspects have been 
proposed (such as framing effect, loss aversion, reflection effect, isolation effect 
and so on). 

Specifically, we believe there are two evident situations in which decision-
making process does not respect the rule of expected utility: these are gambling 
and moral behaviors.  

In the case of gambling behavior, there is a tendency to engage in risky 
decision-making that leads to prefer immediate pay-off than delayed rewards, 
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potentially driving to disadvantageous options over time. This has the 
additional advantage to derive a supplementary utility from the costs that are 
avoided by winning a sum rather than earning it by working (i.e., “something 
for nothing”) (Nyman et al., 2008). At the extremes of this behavior are located 
pathological and professional gamblers: the firsts, characterized by impulse 
control, attentional and reward sensitivity bias. These biases are often associated 
to an emotional impairment and are characterized by a lack of executive and 
inhibitory control, a flattening of social emotions, an inability to reorganize 
emotional representations previously associated with punishment and reward, 
and an impairment in anticipating future outcomes (the so-called “myopia for 
the future”) leading to long-term negative economic consequences (Bechara et 
al., 1994; Bechara et al., 2000). Conversely, professional gamblers are rarer but 
able to engage in a functional and rational decision-making process that 
generates larger income through gambling, to the point to decide in advance 
their labor supply according to an evaluation of expected winnings (e.g. by 
calculating the amount of wins, they may choose to work less during a certain 
period of time) (Nyman et al., 2008). On the other hand, Obsessive-
Compulsive Disorder (OCD) is characterized by higher impulsivity, risky 
decision-making but also by biased probabilistic reasoning, thus sharing 
similarities with pathological gambling behavior (Grassi et al., 2015).  

Whilst, in the case of moral behavior, subjects prefer options not always 
related to their expected utility, but more to their ethical significance and to 
subjects’ social preference. 

Indeed, within the moral decision-making frame an early dual-process 
model has been proposed (Greene et al., 2001). According to this model, moral 
judgments (e.g., accepting fair or unfair offers at the UG) have been 
demonstrated to elicit reactions from two distinct and competing neural 
mechanisms, the first one leads to deontological/fair behaviors (i.e., splitting a 
sum of money between two because it is the right thing to do according to 
sense of fairness) and it has been associated with fast, automatic, emotional 
processing; while the other one leads to a utilitarian approach (i.e., accepting 
unfairness, to be sure of a minimum but certain payoff) related to more 
conscious, cognitive elaboration and mainly motivated by self-interest. Despite 
research in the neuroeconomics field supports this model and perspective, some 
evidence seems rather inconsistent. For instance, Sanfey and colleagues (2003) 
displayed that, led by fairness, subjects’ self-interest may support the 
suppression of a more emotional desire operated by cognitive controlled 
processes; also Knoch and colleagues (2006) showed that, although self-interest 
impulses are instinctive and have a stronger impact on our behavior, they can 
be inhibited by fairness considerations.  

Indeed, in these cases emotional choices can lead to functional and 
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dysfunctional conditions: functional conditions include empathic, altruistic 
and deontological behaviors (Greene et al., 2001). Conversely, on the other 
side of the coin displaying a dysfunctional emotional behavior has been 
previously associated to antisocial behaviors, where individuals make repeatedly 
impulsive decisions on the basis with no regard for social norms and a lack of 
emotion (e.g., individuals with psychopathic traits; Mitchell et al., 2013; 
Osumi & Ohira, 2010). Instead, a more rational moral reasoning, characterized 
by the tendency to approve harmful actions in situations they assessed as 
appropriate or reasonable, has been described to be typical of a utilitarian 
approach (Greene et al., 2001; Young et al., 2010). The dysfunctional version 
of this behavior could be constituted by autistic behaviors, predominantly 
driven by rationality with an insensitivity towards emotions (Camerer et al., 
2004; Riccardi et al., 2015). This suggests that different situations and frames 
may influence decision-making so that in certain domains of life, like the 
financial markets, where individuals mainly opt for being risk-averse, people 
with psychopathic traits and with a lack of emotion could be more suitable in  
situations where risk-taking is the rational thing to do and a deficiency in 
somatic markers can be helpful (Shiv et al., 2005; Sobhani et al., 2011). 

Although both emotional and cognitive mechanisms are recruited in 
gambling and moral behaviors, context decisions in the first case influence gain 
or loss of some money, while the second regard a decision in favor or disfavor 
of a specific conduct. In the case of gambling behavior, there is a strong focus 
on immediate outcomes without pondering eventual social and economic 
negative consequences, whereas moral behavior is exactly the opposite because 
mainly considers long-term effects of a choice and social consequences. 

In addition, gamblers play in the context of decision-making under 
uncertainty (i.e., when implicit knowledge guides decisions), while moral 
judgment is usually employed in decision-making under risk conditions. 
Despite these differences, these two clusters of behaviors share a commonality: 
that is, the possibility of swinging from functional to dysfunctional poles 
according to the context. 
 
 
 
3. EVIDENCE FROM BEHAVIORAL MEASURES: THE IOWA GAMBLING TASK 

AND THE ULTIMATUM GAME  
  
Assuming that decision-making is influenced both by emotions (hot processes 
or “gut feelings”) and cognitive (cold) processes, previous neuroeconomics 
research investigated these two clusters of behaviors by means of economic 
games and analyzed participants’ behavioral responses and psychophysiological 
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reactions. The Somatic Marker Hypothesis (SMH; Damasio 1994) is one of 
the main theoretical frameworks employed to describe how decisions are made 
on these tasks at a covert or overt level. According to this hypothesis, any 
option and scenario activate somatic states (emotional signals) in the brain and 
body system according to the value attributed to that condition. Specifically, 
Skin Conductance Response (SCR) has been identified as a main peripheral 
somatic marker of anticipatory emotions (negative or positive) associated with 
possible consequences of a decision in previous studies (Bechara et al., 1996). 

One of the most popular tasks used in the context of SMH in 
neuroeconomics is the IGT (Bechara et al., 1994). Researchers and clinicians 
frequently use this task to assess real-world risky decision making under 
ambiguity in a lab-based setting (Buelow & Blaine, 2015; Guillaume et al., 
2009; Maia & Mcclelland, 2004). Several studies showed that unconscious 
stronger somatic responses are developed by healthy individuals before 
disadvantageous choices, confronted with reactions before advantageous 
choices. Conversely, an impairment in the generation of somatic markers in 
anticipation of disadvantageous choices and worse performances on this task, 
without any learning from repeated mistakes, has been displayed by patients 
with ventromedial prefrontal cortex (VMPFC) damage and individuals with 
addiction (Bechara et al., 2001; Bechara & Damasio, 2002). So that the 
occurrence of these psychophysiological responses has been claimed as crucial 
for an advantageous strategy at IGT (Bechara et al., 1994, 2000).  

Previously, IGT characteristics have been exploited to test gambling 
behavior and a decrease in SCR and Heart Rate (HR) anticipatory responses to 
disadvantageous decisions has been identified as a marker of dysfunctional 
emotional system presented in pathological gamblers as opposed to controls 
(Angioletti et al., 2018; Balconi et al., 2017; Goudriaan et al., 2004, 2006). 
This was true also for patients with OCD failing to conclude IGT with a 
positive outcome and displaying a lower anticipatory, and subsequent to loss, 
SCRs compared to controls (Cavedini et al. 2012; Starcke et al., 2009; 
Lawrence et al. 2006). This result has been mainly addressed as related to 
impulsivity and emotions, however, we know that compulsions in this 
condition have the role of diminishing obsession-induced anxiety or distress, so 
that they have been related to biased cognitive reasoning becoming 
dysfunctional over time (Denys, 2011; Grassi et al., 2015). Instead, only one 
study focused on professional gamblers and even if they reported similar rates 
of gambling frequency as pathological gamblers, their clinical scales scores were 
similar to controls (Weinstock et al., 2013). Overall, it is possible to conclude 
that a diminished anticipatory SCR could play a pivotal role in the ability to 
take advantageous decisions in the economic field. 

While on the side of moral behavior, decision making under risk is 
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prevalent, because participants are confronted with tasks where they can judge 
the relative risks and benefits of a choice, showing more explicit knowledge on 
the objective probability distribution over possible outcomes (Guillaume et al., 
2009; Schiebener et al., 2011). This is the case of the UG allowing for the 
assessment of altruistic behavior as well as the perception of fairness. 

In this game, a sum of money is split between two people, a proposer and 
a responder. The proposer selects how this sum should be divided between the 
two and the responder must decide either to accept or reject an offer of money 
made by the partner. If the offer is rejected, neither of the two players receive 
money. Classical economic game theories suggested that a rational strategy for 
the proposer should be to offer the smallest possible sum and for the responder 
to accept in turn (because some money is better than none); instead, half of the 
unfair offers are typically rejected and the most frequent option is a fair share 
(proposers tend to offer around 50% of the money) (Nowak et al., 2000; 
Sanfey et al., 2003). In addition to electrodermal activity, the variability of 
other autonomic measures, such as cardiac responses, has been identified as 
crucial indicators of emotional decision-making arousal in the UG. 

Previous studies highlighted that SCR was higher for unfair offers and was 
associated with the rejection of unfair offers by healthy subjects playing the UG 
(Van’t Wout et al., 2006). Moreover, this increase in SCR coupled with 
increases in HR responses when offers at the UG were framed as unfair (Sarlo 
et al., 2013). These results are in line with empathic and deontological 
behaviors. In addition, somatic states analyses during this task in clinical 
condition revealed that individuals with psychopathic traits more often tend to 
choose economic utility by accepting unfair offers and did not show differences 
in SCR between unfair and fair offers compared to controls (Osumi & Ohira, 
2010; Sobhani et al., 2011). 

On the other hand, a previous behavioral study on individuals with 
autism spectrum disorder (ASD) demonstrated that they are significantly more 
likely to accept unfair offers and were significantly less likely to reciprocate 
offers at a modified version of the UG (Hartley & Fisher, 2018).  

Overall, autonomic measures revealed that humans seem to have an 
automatic aversion against perceived inequity and that emotion-based 
behaviors in humans cannot be fully explained by economic rationality. In the 
following paragraph evidence on neurophysiological parameters related to both 
emotions and rationality will be deepened. 
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4. EVIDENCE FROM NEUROPHYSIOLOGICAL MEASURES  
  
Thanks to the widespread use of neuroscientific techniques in the economic 
field it has been possible to investigate the contribution of neural structures 
related to rationality and emotional processes in human decision-making 
(Kable, 2011). In addition to behavioral and psychophysiological evidences, 
neuroeconomists explored also neurophysiological correlates of gambling and 
moral behaviors in order to explore brain functioning related to these complex 
behavioral phenomena. Furthermore, nowadays research in neuroeconomics 
decision-making are focusing on networks of multiple brain areas rather than 
on localized single brain areas and somatic marker hypothesis suits more in this 
first holistic framework (Reimann & Bechara, 2010).  

By tracking the change of neural activity with neuroimaging techniques 
during IGT task, previous studies showed that the neural connections between 
amygdala, striatum, VMPFC and dorsolateral prefrontal cortex (DLPFC) allow 
rational and emotional systems operating together and developing an adaptive 
strategy over time (Bechara et al., 1999; Bechara & Damasio, 2005; Weller et 
al., 2007). Accordingly, an impairment of these areas, together with 
orbitofrontal cortex damage, was previously found in patients with pathological 
gambling, impulse control disorders, and deficit in executive functions when 
performing the IGT (Bechara, 2005; Bechara & Martin, 2004). Moreover, 
findings from electrophysiological studies highlighted that gamblers’ brain is 
characterized by a frontal hemispheric asymmetry with a left, more reward-
related, unbalance even in non-clinical samples performing IGT (Balconi et al., 
2014a, 2014b). 

Focusing on the neural basis of moral behavior at the UG, Sanfey and 
colleagues (2003; 2006) studied why responders reject “gaining” offers by 
means of functional magnetic resonance imaging and observed that when 
responders accepted unfair offers activity in the DLPFC, a cortical area 
involved in executive control and deliberative processing, was higher than 
insula activity. In contrast, when responders refused unfair offers, insula 
activation, correlating with emotional processing, was greater than DLPFC 
activation. Sanfey and colleagues (2003, 2006) interpreted this pattern as 
evidence that the rejection of inequality is related to an activation of brain areas 
involving emotional processing, and regions associated with higher-level 
cognitive function had to overcome emotional responses in order to accept 
unequal offers. 

Decision-making under uncertainty and moral decision making have been 
demonstrated to partially tap into different neural systems. Indeed, prior 
studies suggested that VMPFC could be considered a keystone of emotional 
processing also in social decision-making at the UG (Koenigs & Tranel, 2007; 
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Sobhani et al., 2011). In line with this, psychopathic individuals showed an 
increased activation of DLPFC, as a result of a diminished sensitivity to 
unfairness when accepting unfair offers, and also an augmented activation of 
VMPFC, as a result of higher emotional reaction to repeated unfair offers 
rejection, like VMPFC damage patients (Koenigs et al., 2010; Osumi & Ohira, 
2010). So, in individuals displaying antisocial behaviors the preference of 
economic utility over fairness does not necessarily end in rational decisions, 
since a deficit in emotion regulation and reward processing could lead to the 
rejection of rational unfair offers during the UG (Vieira et al., 2014). 

On the whole, we suggest that the integration of multilevel measures 
could be useful to unveil the neurophysiological complexity of normal and 
abnormal decision-making processes with regard to emotional and rational 
components in gambling and moral behaviors, as previously demonstrated even 
by basic research on emotions (Balconi et al., 2015; Balconi & Terenzi, 2012). 
 
 
 
5. CONCLUSION: A MULTIMODAL APPROACH    
  
This article proposes a multidimensional model based on rationality and 
emotion to gain an understanding of a person’s functional and dysfunctional 
decision-making in gambling and moral behaviors, within the neuroeconomics 
field.  

Gambling behavior has been described in the light of SMH framework 
considering studies on IGT, where unconscious emotional stronger somatic 
responses are not developed before disadvantageous compared to advantageous 
choices by pathological samples versus healthy individuals over time. We 
concluded that the development of emotional anticipatory physiological 
responses to high-risk decisions, together with the learning of previous mistakes 
mediated by prefrontal brain structures, plays a crucial role in the ability to take 
rational and advantageous economic decisions.  

Moral behavior has been discussed describing why people often deviate 
from rational and economic advantageous decisions in favor of fair and more 
emotional choices. Classic economic research struggles to clarify the reasons 
why individuals refuse utility-maximizing, even if unfair, options in the UG, 
when from a simply monetary viewpoint, it seems obvious that any money is 
better than no money at all. Our perspective will, in turn, allow scientists to 
offer more complete neuroeconomic models of decision-making behavior that 
incorporate the role of morality. 

Despite gambling behavior and moral behavior have been treated 
independently by previous neuroeconomics research, we showed that these two 
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