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The nascent field of neuroeconomics seeks to ground economic decision-making in the biological substrate of the brain. We used functional magnetic resonance imaging of Ultimatum Game players to investigate neural substrates of cognitive and emotional processes involved in economic decision-making. In this game, two players split a sum of money; one player proposes a division and the other can accept or reject this. We scanned players as they responded to fair and unfair proposals. Unfair offers elicited activity in brain areas related to both emotion (anterior insula) and cognition (dorsolateral prefrontal cortex). Further, significantly heightened activity in anterior insula for rejected unfair offers suggests an important role for emotions in decision-making.



Standard economic models of human decision-making (such as utility theory) have typically minimized or ignored the influence of emotions on people's decision-making behavior, idealizing the decision-maker as a perfectly rational cognitive machine. However, in recent years this assumption has been challenged by behavioral economists, who have identified additional psychological and emotional factors that influence decision-making (1, 2), and recently researchers have begun using neuroimaging to examine behavior in economic games (3). This study applies functional neuroimaging techniques to investigate the relative contributions of cognitive and emotional processes to human social decision-making.
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The limitations of the standard economic model are effectively illustrated by empirical findings from a simple game known as the Ultimatum Game. In the Ultimatum Game, two players are given the opportunity to split a sum of money. One player is deemed the proposer and the other, the responder. The proposer makes an offer as to how this money should be split between the two. The second player (the responder) can either accept or reject this offer. If it is accepted, the money is split as proposed, but if the responder rejects the offer, then neither player receives anything. In either event, the game is over.



The standard economic solution to the Ultimatum Game is for the proposer to offer the smallest sum of money possible to the responder and for the responder to accept this offer, on the reasonable grounds that any monetary amount is preferable to none. However, considerable behavioral research in industrialized cultures indicates that, irrespective of the monetary sum, modal offers are typically around 50% of the total amount. Low offers (around 20% of the total) have about a 50% chance of being rejected (4-8). This latter, quite robust, experimental finding is particularly intriguing, demonstrating that circumstances exist in which people are motivated to actively turn down monetary reward.



Why do people do this? The game is so simple that it is improbable that these rejections are due to a failure to understand the rules of the game, or an inability to conceptualize a single-shot interaction with a partner (9). On the basis of participant reports, it appears that low offers are often rejected after an angry reaction to an offer perceived as unfair (10). Objecting to unfairness has been proposed as a fundamental adaptive mechanism by which we assert and maintain a social reputation (11), and the negative emotions provoked by unfair treatment in the Ultimatum Game can lead people to sacrifice sometimes considerable financial gain in order to punish their partner for the slight. Unfair offers in the Ultimatum Game induce conflict in the responder between cognitive ("accept") and emotional ("reject") motives, motives that we might expect to see represented in brain areas implicated in cognitive and emotional modes of thought, with additional file:///C|/Documents%20and%20Settings/GL/Bureau/T&C-2010/The_Neural_Basis_of_Economic_Decision-Making_in_the_Ultimatum_Game[1]..html (3 sur 14)28/03/2010 17:33:20
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regions possibly mediating these competing goals (12).



To shed light on the neural and psychological processes mediating such behaviors, we scanned 19 participants using functional magnetic resonance imaging (fMRI), each in the role of the responder in the Ultimatum Game. We were interested in neural and behavioral reactions to offers which were fair (the money is split 50:50) or unfair (the proposer offered an unequal split to his or her advantage). In particular, we hypothesized that unfair offers would engage neural structures involved in both emotional and cognitive processing, and that the magnitude of activation in these structures might explain variance in the subsequent decision to accept or reject these offers.



Before scanning, each participant was introduced to 10 people they were told would partner with them in the games to follow. They were told that they would play a single iteration of the game with each partner and that their decisions with each partner would not be revealed to the other partners and, therefore, could not affect subsequent offers. The participants were then placed inside the MRI scanner and began playing the Ultimatum Game with their partners via a computer interface (Fig. 1A) (13). They completed 30 rounds in all, 10 playing the game with a human partner (once with each of the 10 partners), 10 with a computer partner, and a further 10 control rounds in which they simply received money for a button press. The rounds were presented randomly, and all involved splitting $10. Offers made by human partners in fact adhered to a predetermined algorithm, which ensured that all participants saw the same set (and a full range) of offers (14, 15). Half of these offers were fair, that is, a proposal to split the $10 evenly ($5:$5), with the remaining half proposing unequal splits (two offers of $9:$1, two offers of $8:$2, and one offer of $7:$3). The 10 offers from the computer partner were identical to those from the human partners (half fair, half unfair). The 10 control trials were designed to control for the response to monetary reinforcement, independent of the social interaction. The distribution of offers generally mimics the range of offers typically made in uncontrolled file:///C|/Documents%20and%20Settings/GL/Bureau/T&C-2010/The_Neural_Basis_of_Economic_Decision-Making_in_the_Ultimatum_Game[1]..html (4 sur 14)28/03/2010 17:33:20
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versions of the game (i.e., involving freely acting human partners).



Behavioral results were very similar to those typically found in Ultimatum Game experiments (Fig. 1B) (16). Participants accepted all fair offers, with decreasing acceptance rates as the offers became less fair. Unfair offers of $2 and $1 made by human partners were rejected at a significantly higher rate than those offers made by a computer ($9:$1 offer: [chi]2 = 5.28, 1 df, P = 0.02; $8:$2 offer: [chi]2 = 8.77, 1 df, P = 0.003), suggesting that participants had a stronger emotional reaction to unfair offers from humans than to the same offers from a computer (17).



Among the areas showing greater activation for unfair compared with fair offers from human partners (Fig. 2, A and B; table S1) were bilateral anterior insula, dorsolateral prefrontal cortex (DLPFC), and anterior cingulate cortex (ACC). The magnitude of activation was also significantly greater for unfair offers from human partners as compared to both unfair offers from computer partners (left insula: t = 2.52, P < 0.02; right insula: t = 2.2, P < 0.03) and low control offers (left insula: t = 3.46, P 0.05), suggesting that activation of this region alone is not sufficient to predict behavior. However, motivated by the hypothesis that this region may be competing with emotional areas in influencing the decision, we examined the balance between activation in anterior insula and DLPFC for unfair offers. Unfair offers that are subsequently rejected have greater anterior insula than DLPFC activation, whereas accepted offers exhibit greater DLPFC than anterior insula (Fig. 3B). The contrast in activation between these two areas is significantly different for accepted and rejected offers (P = 0.033, one-tailed), consistent with the hypothesis that competition between these two regions influences behavior. DLPFC activity remains relatively constant across unfair offers, perhaps reflecting the steady task representation of money maximization, with anterior insula scaling monotonically to the degree of unfairness, reflecting the emotional response to the offer. Caution is needed when comparing the magnitude of the fMRI signal across brain regions. However, it is interesting to note that the outcome of the decision may reflect the relative engagement of these regions, with greater anterior insula activation biasing toward rejection and greater DLPFC biasing toward acceptance. Finally, unfair offers were also associated with increased activity in ACC. ACC has been implicated in detection of cognitive conflict (30, 31), and activation here may reflect the conflict between cognitive and emotional motivations in the Ultimatum Game.
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This study sought to identify the neural correlates of fairness and unfairness, and in particular the relative contributions of cognitive and emotional processes to human decision-making. A basic sense of fairness and unfairness is essential to many aspects of societal and personal decision-making and underlies notions as diverse as ethics, social policy, legal practice, and personal morality. Our results are consistent with the idea that the areas of anterior insula and DLPFC represent the twin demands of the Ultimatum Game task, the emotional goal of resisting unfairness and the cognitive goal of accumulating money, respectively. Further, our finding that activity in a region well known for its involvement in negative emotion is predictive of subsequent behavior supports the importance of emotional influences in human decision-making. We believe that these findings, and work that proceeds from them, will provide a more detailed characterization of specific emotional responses, their neural substrates, and the social circumstances under which they are elicited. Therefore, not only do our results provide direct empirical support for economic models that acknowledge the influence of emotional factors on decision-making behavior, but they also provide the first step toward the development of quantitative measures that may be useful in constraining the social utility function in economic models (32, 33). Models of decision-making cannot afford to ignore emotion as a vital and dynamic component of our decisions and choices in the real world.
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