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Collective Behavior of In-group Favoritism 
In this section we present our agent-based model which is an extension of the 2D BC model (Huet et al 2008). For clarification purposes, first we describe the 2D BC model and then present our extension. While the notion of rejection has already been implemented in the opinion dynamics models, the 2D BC model is the first implementation of rejection mechanism in the BC model. Let us consider a set of N individuals each having the following characteristics:
1) Opinion: a 2-dimentional vector containing x1 and x2 representing real numbers ranging from -1 to +1, reflecting the opinion of node over two different issues.
2) Uncertainty: a 2-dimentional vector containing u1 and u2 representing by real numbers between 0 and 1 reflecting uncertainties related to x1 and x2 respectively.
At each simulation time step, instead of allowing each agent to interact with all of its neighbors, a pair of individuals is randomly selected to interact and update their belief. Here they condition the updating process based on the values of beliefs and uncertainties. Suppose agent i has beliefs x1i and x2i with uncertainties u1i and u2i, and agent j has beliefs x1j and x2j with uncertainties u1j and u2j. For sake of simplicity, they assume that all nodes have similar uncertainties. Then, agent i compares its beliefs with j’s and updates its beliefs. The general rule is that agents approach each other if they are close enough in both beliefs. Otherwise, they may ignore each other or reject and shift away. More formally, if: 

Then the two agents’ beliefs fall in their bounded confidence interval. Thus, they get closer to each other based on the following equations:
                (1)
                (2)
In these equations, µ is a constriction factor used to limit the convergence velocity. The assumption is that µ is constant and equal for all agents throughout the simulation. Another possible state is the case that two agents are close in one belief but far in another one: 


Here, depending on whether the difference is less than a certain threshold or not, two cases arise. To represent that threshold, they consider the “intolerance threshold” . Therefore, if the difference is below the predefined threshold, meaning:  


The dissonance is not strong enough to trigger the rejection. Therefore, the two ignore each other in belief 1 and approach each other in belief 2. 
               (3)
             (4)
However, if the difference is significant enough, meaning:

then the conflict is enough to make agents feel dissonance and thus trigger repulsive action. So the two agents shift away from each other in belief 1 and ignore belief 2. The movement should be large enough to resolve the dissonance.
             (5)
              (6)
Here psign(.) is similar to sign function, except that it returns +1 if the argument is 0. Moreover, the belief values are limited between -1 and +1 by incorporating the following rule:


Since the model has been built on the cognitive dissonance theory, it assumes that for cases in which two agents are far in both beliefs, there is no dissonance between them and therefore there is no influence from one to another and they simply ignore each other on both beliefs. 
To develop the Cooperative Bounded Confidence (CBC) model, we follow the similar scenario to that of Kearn et al.’s (2009) in the sense that individuals’ preference exist but they may show more flexibility toward their in-groups and ignore self-preferences to reach a global in-group consensus. Moreover, building on Rand et al.’s (2012) empirical finding, we assume that this in-group favoritism exists spontaneously within agents and there is no explicit intergroup conflict. To isolate fundamentals of in-group favoritism, we want an agent-based model of CBC that is as simple as possible. In doing so, we randomly assign each agent to m groups and let agents to show more openness toward their in-group fellows. Here, we treat group membership exogenously and assume that group memberships remain unchanged over time. Our model is abstract and is not intended as a realistic portrayal of specific social behaviors. 
[bookmark: _GoBack]One can interpret the stability of group membership as the case that the groupings take place with respect to salient identification attributes such as ethnicity, religion, language, political affiliation, etc. For example, empirical results show that ethnic markers can lead to in-group favoritism even when ethnicity indicates nothing about competence in a given domain. They do so even when groups are transient and group boundaries rest on the weakest of distinctions among individuals. Another reason behind the assumption of group membership stability is that we have already postulated that there is no initial correlation between group membership and opinions. In other words, group identification is assigned randomly and membership in a particular group is not associated with any particular strategy. Thus, changing group membership because of opinion changes is out of the scope of this study.
We define two levels of uncertainties for each agent. First is the uncertainty associated with in-group members’ opinion (Uin), and second is the uncertainty associated with out-group agents’ opinion (Uout) where Uin ≥ Uout. In each interaction encounters, the agents follow the same steps as 2D BC model except that if they are from the same group, they use their in-group uncertainty (Uin) to update their opinion (i.e. attraction, rejection, or ignorance). Similarly, if two agents are from different groups, they use their out-group uncertainty (Uout) for opinion updating purpose.


