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                    Abstract
The emergence of economic inequality has often been linked to individual differences in mental or physical capacities. By means of an agent-based simulation this paper shows that neither of these is a necessary condition. Rather, inequality can arise from iterated interactions of fully rational agents. This bears consequences for our understanding of both inequality and rationality. In a setting of iterated bargaining games, we claim that expected utility maximizing agents perform suboptimally in comparison with other strategies. The reason for this lies in complex feedback effects between an agents’ action and the quality of beliefs used to calculate expected utility. Consequentially, we argue that the standard notion of rationality as maximizing expected utility is insufficient, even for certain standard cases of economic interaction.
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                    Notes
	While poverty is a property that can be ascribed to one person, inequality is relational in nature. By inequality we refer to a concept that captures one’s relative position compared to a group of relevant others (Haughton and Khandker 2009).


	In general, economic interaction consists of first-level economic problems addressing the coordination problems surrounding the production of goods (i.e., positive-sum games) and bargaining games as zero-sum games representing the second-level economic problems of allocating a surplus generated.


	Hence, we allow for egalitarian solutions. However, in light of the competitive environment, these are not reached through egalitarian offers, but they arise if both partners have a similar bargaining strength.


	Within each run, the number of interaction rounds is constant. Between different runs, we varied the values of this parameter systematically between 10 and 20.


	
Skyrms (2014) emphasizes the existence of a fair solution as a special focal point. However, in most economic interactions, no saliently egalitarian distribution exists. When an employer bargains about wages with an employee, the different possible agreements might benefit either the employer or the employee more. No possible wage offer could be regarded as obviously egalitarian in any way. Notably, we do not preclude that some distribution actually divides the achieved surplus fairly. We merely claim that this property is by no means transparent enough for both parties involved to qualify as a focal point. We hold that this is a common feature of many bargaining situations, from wage negotiations to partners with complimentary skills setting up a joint endeavor. While a numerical representation of pay-offs in the chicken game seems to suggest that there is an egalitarian solution, this might often be an artifact of the modeling.


	This rule is conceptually related to Erev and Roth (1998) type reinforcement learning. Also in this framework, past information is temporally discounted in order to facilitate learning about a changing target system. Unlike in our model, in most approaches to reinforcement learning (Bush and Mosteller 1953; Skyrms 2014) agents do not form beliefs about their environments or the behavior of an opponent, but simply learn which actions have proven more or less successful. For the present model, however, agents form and update beliefs about the toughness of others. This has two reasons. First, our agents assess the toughness distributions of an entire set of opponents. Different opponents will employ different strategies, hence even bounded agents will likely conceptualize and keep track of behavioral differences mirrored by the distribution. Second, the relationship between the agent’s probability distribution and her optimal toughness is intricate. Even small variations in the distribution may trigger major differences in optimal toughness. Hence, we hold that forming beliefs about the toughness of others increases the agent’s potential to select for optimal action.


	To check robustness, we ran various simulations with other distributions of the agent types and for different numbers of bargaining rounds. We also varied the overall length of a simulation run up to 100,000 steps and studied control runs, where we initiated wealth measurements only after 1000 steps, so that agents had time to calibrate their behavior. For a broad variety of input parameters the results are similar to those reported here. Most notably, the performance of Maximax agents varies. Depending on agent distribution and the number of bargaining rounds per game, Maximax agents may perform very well or fall behind Experimenter and MaxEU. Our main finding, however, holds for a large class of parameter values: Experimenter agents always outperform MaxEU types and, in many settings, also Maximax types.


	We have also considered different proxies for assessing the content of agents’ beliefs, such as mean or median. These have turned out largely uninformative.


	A further candidate explanation for MaxEU’s lack of performance is that the chosen uniform initial beliefs are far off. To rule out this interpretation, we ran an extended simulation run over 2000 interaction rounds and measured the wealth accumulated only in the last 1000 rounds. This setup allowed MaxEU agents to adjust their beliefs well before pay-off collection began. The observed wealth distribution was similar to the one depicted in Fig. 2, ruling out this explanation.


	Between-type performance differences in comparison to the first experiment stem from the altered agent constellation, which slightly favors some types more than others relative to the prior experiment.


	This framework is in line with a modest evolutionary mechanism. The new agent is an exact copy of the old with all her variables, including her wealth. The newcomer is not to represent a newly arriving, vulnerable agent, but should be seen as a further representative of the original society. Compared with most accounts in the literature on epistemic game theory (Easley and Kleinberg 2010, chapter 7), the evolutionary mechanism described here is still rather mild. It is not the absolute economic success of different strategies that determines their evolutionary success, but merely whether or not they generate sufficient funds for survival.


	For example, on the internal side, probabilities need to sum to one, impossible events need to receive a probability of zero and so on (Ramsey 1931). On the external side, the agents beliefs have to respond to the available evidence in the right way.


	This means, for example, that the order of preferences has to be transitive, complete and connected (Davidson et al. 1955).
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