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Immigration has both short- and long-term impacts on individuals, groups, and societies. The cultural
interaction between immigrant minorities and a majority host population can lead to significant
economic, social, and political changes — both positive and negative. The mechanisms involved in these
changes, and the conditions under which they emerge, are currently widely debated in academic and
policy circles. Intercultural contact creates a complex system across multiple domains (socio-political,
socio-economic, cultural and spatial) with different structural factors (e.g. political and economic
conditions of the host country), group perspectives (the host society and the immigrants) and individual
traits (ethnic, cultural and psychological) all playing a role. This issue has been examined in the social
science literature (see, e.g. Gordon [1]; Alba and Nee [2]; Berry [3]; Portes and Rumbaut [4]; Spencer and
Charsley [5]), but rarely in a manner that encompasses all actors involved.

According to Berry [3], who generated a theoretical framework to understand the impact of intercultural
contact on acculturation strategies on individuals, groups, and societies alike, this type of all-
encompassing approach is an important requirement for understanding the societal impact of
immigration and settlement patterns. This can be studied, to a certain extent, using traditional methods
in social sciences (e.g. qualitative interviews or statistical analyses of surveys or indicators) and centered
on the micro (individual) or macro (large-scale pattern) levels. More recently, simulation using agent-
based models (ABM) has provided a path to understanding the emergence of large-scale social patterns
in terms of the mechanisms of micro-interactions (e.g. Railsback and Grimm [6], Wilensky and Rand [7],
Gilbert and Troitzsch [8], and Epstein [9]).

Several ABMs exist for describing the mechanisms and outcomes of the interaction between populations
of individuals with different characteristics. Schelling’s model successfully describes spatial segregation
by means of a single threshold rule [10], [11]. However, cultural change involves dimensions other than
spatial. Axelrod proposed a model of culture dissemination for explaining local homogeneity and global
polarization of cultures in a spatial domain [12]. Axelrod assumes that the probability of interaction
depends on “cultural distance”, and the latter decreases after interactions. This model has the drawback
of reducing the interactions to a spatial domain, and fails to explain persistent diversities within cultures
[13]. Hammond and Axelrod proposed an ABM for explaining the evolutionary prevalence of
ethnocentrism, in which agents play two-dimensional spatial prisoner’s dilemma games and decide to



cooperate or defect based on only one attribute (e.g. “color”) [14], and agents with a successful strategy
are able to reproduce. One drawback of this model is that the spatial rule of reproduction leads to kinship
selection instead of ethnocentrism [15]. The three classical models mentioned above (Schelling, Axelrod
and Hammond/Axelrod) are based on spatial interactions in a lattice grid, which restricts the type of
emergent patterns and does not reflect the network-based and multi-dimensional character of the
interactions. Recently, Schelling’s model was generalized to the emergence of segregation in social
networks (e.g. [16], [17]).

In the proposed model, we present an ABM of an ‘abstract’ type [18] for describing the interactions
between a host population and a minority of immigrants, which is inspired by the ABM models above, as
well as the framework elaborated by Berry [3], which emphasizes the role played by culture, contact, and
participation on processes of acculturation. The model entities are agents of a single type, a network
between agents, and a “government” modeled as a “proto-agent”. Agents” attributes are the “generation”
and a vector of features, which includes components, related to “welfare” (job status and education level),
“culture”, “identity” and “openness-closeness” to cooperation with other agents with the same or
different identity. They also have variables related to “security” and “communality” needs. The network
is undirected, and links have weights that depend on the number and type of past interactions between
the end nodes. The “government” is a procedure or method, included in the model’s cycle, in which the
user can implement “policies” that affect agents. The model does not require a spatial domain, but spatial
interactions can be modelled using a lattice network.

In the model, agents interact with their network neighbors with a probability that depends on their
education, cultural and identity “distance,” as in Axelrod’s model of culture dissemination. If they have
insufficient “communality” they try to interact with agents that are not in their ego network. The
interactions are single iteration prisoner’s dilemma games that depend on the strategies of the two
players, as in the Hammond/Axelrod model [14]. After interaction, the intervening agents gain or lose
“security” and the link between them will strengthen or weaken, leading to increased or increased
communality. Agents with their “security” and “communality” needs above a given threshold will be able
to reproduce. The agents also die, to keep the population(s) stable. The “government” can act in several
ways, such as selectively increase the probability of immigrants to acquire “security” (e.g. jobs) or lower
certain traits of the cultural barrier (e.g. language courses).

The host and immigrant population is initialized by generating the agents and setting their attributes
according to user-specified distributions. The initial network is created using one of three network models:
lattice (spatial), random Euclidean based on “cultural” instead of spatial distance, or via an algorithm for
generating ego networks (e.g. [19]). During the simulation the model produces a dynamic network of links
between the agents. The evolving network is analyzed using network segregation indices (e.g. Freeman
[20] and spectral [21]), as well as algorithms for detection of social circles in ego networks [22], for each
“identity” (host or immigrant), “closeness-openness” strategy, or cultural traits. These network patterns
can be discussed in light of sociological theories [3], for different parameterizations and for both “self-
organized” and “regulated” interactions. The model can be extended to include age and gender in both
traits and reproduction, and different types of interactions (family, friends, and workmates) modeled via
layered networks [23].
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