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Abstract

This paper studies the basic dynamics of segrega-
tion and integration. We develop three agent-based
models in which diverse agents choose their loca-
tion in a two-dimensional space. Agents engage
in dyadic interactions with all agents in their fixed
radius. An agent’s location choice is determined
by the payoffs from their interactions in the cur-
rent period. Our first model recovers Schelling’s
(1971) result in which agents segregate completely
according to type, under the standard assumption
that individuals prefer to interact with agents of
their own type. The second and third models con-
sider two types of deviation from the first model,
in order to investigate different conceptions of the
costs and benefits to diversity. We find that while
we are able to generate different social dynamics
between model types, there is never a stable in-
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tegrated state. Segregation is an attracting state.
From this we conclude that greater agent intelli-
gence is required for agents to be able to take ad-
vantage of the benefits of diversity.

1 Introduction

Diversity is a hallmark of modern large-scale so-
cieties. Individuals differinter alia according to
attitudes, beliefs, norms of behavior, social identi-
ties and physical characteristics. Nevertheless, we
see segregation according to one or more individ-
ual traits in various forms of social organization.
A celebrated example of this is residential segrega-
tion based on race in the United States [U.S. Cen-
sus Bureau, 2002].

In a classic paper, Thomas Schelling [1971] de-
veloped one of the first agent-based models in the
social sciences to explain how extreme residen-
tial segregation according to race can occur. He
showed that when individual agents have only a
“mild” preference for locating next to agents of
their own type, thencomplete segregation is far
more likely to emerge than integrated states in
which different types are neighbors.

Segregation has important political, social and
economic consequences. William Julius Wilson
[1987] has argued that urban poverty, crime and
anti-social behavior increased markedly in black
communities in the United States after the civil
rights movement, as middle class African Amer-
icans moved out of predominantly black urban
neighborhoods. These neighborhoods lost their so-
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cial role models, pools of talented individuals, and
individuals with the financial capital to support lo-
cal community organizations.

This paper investigates the basic dynamics of
segregation and integration. Schelling’s simple
model of spatial segregation is a natural starting
point. Our main departure from Schelling’s model
is to introduce rewards for integration. Not only
might individuals have a preference for interact-
ing in diverse groups, but the aggregation of di-
verse opinions might yield better understanding
of a problem and more efficient problem-solving
[Hong and Page, 2004]. Given costs and benefits of
diversity, we investigate: (i) the conditions under
which segregation/integration arises; and (ii) the
patterns of segregation/integration which emerge.

We develop three agent-based models. Section
2 describes the common set-up of these models. In
section 3, we outline the distinct features of each
model, and present our results. Our first model re-
covers Schelling’s result of complete segregation,
and serves as a benchmark. The second and third
models build in different costs and benefits to di-
versity, and produce contrasting results. In section
4, we summarize our results, discuss the limita-
tions of these models, and provide some sugges-
tions for future research.

2 Model Set-Up

We develop three agent-based models in which di-
verse agents choose their location on an80 × 80
torus. An agent’s type is denoted byi ∈ Ω =
{Red,Green,Blue}. Agents have a fixed radius
of interaction, have no memory and are only aware
of those agents in their radius. Each period, ev-
ery agent engages in dyadic interactions with every
other agent in their radius. A dyadic interaction ei-
ther “fails” or “succeeds”. If a dyadic interaction
fails, both agents receive a payoff of zero. Both
agents in a successful interaction receive a payoff
of xij , and the probability of a successful interac-
tion is pij, i, j ∈ Ω. These parameters are partic-

Figure 1: Movement Rules

ular to each model, and are specified in the next
section.

After interacting with their neighbors, agents
choose where to locate. Theaverage payoff to an
agent in a given period is the sum of the payoffs re-
ceived in all the agent’s dyadic interactions in that
period, divided by the number of dyadic interac-
tions. As will become clear, an agent’s movement
decision is based on several factors including his
average payoff, his location relative to the neigh-
bor from whom he receives the maximum or min-
imum payoff, as well as a parameter determining
his “level of satisfaction”.

2.1 Movement Rules

Figure 1 summarizes the way in which agents
move across the interaction space:

The agent, denoted by the solid triangle, en-
gages in four dyadic interactions, since there are
four agents within his radius. We build in “sat-
isficing” behavior by assuming that an agent only
moves to a new location if his average payoff (0.8
in the figure) is below a satisfaction level, which
is uniform across agents. An agent relocates using
one of three movement strategies: (i) relocates to
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a random position within his radius with probabil-
ity 0.1, (ii) moves with a heading directly toward
the neighbor who gave him the maximum payoff
during that round of interactions (if there are more
than one, one of these is selected at random) with
probability 0.45, and similarly (iii) moves with a
heading directly away from the agent who gave
him the lowest payoff, with probability 0.45. Un-
der movement strategies (ii) and (iii), an agent
moves a distanced given by:

d = dm ∗ (max − min + δ)/max

wheredm is the distance from the agent who
gives him the maximum payoff,max and min
are the maximum and minimum the agent receives
from the series of interactions, andδ (set to 0.5) en-
sures there is movement even whenmax = min.
When every interaction in which an agent engages
fails, i.e. the agent receives a zero payoff in ev-
ery dyadic interaction, the agent moves away from
his current location with a random heading and a
constant distance that is equal to his radius.

3 Results

In this section, we investigate the dynamic pat-
terns of spatial segregation/integration that emerge
in three models which do not admit a segregated
or integrated state. Each model shares the basic
set up outlined in section 2, but has a different
specification of payoffs from dyadic interactions.
We shall now explicate the payoff specification for
each model, and present the results that follow.

3.1 Model 1: Preference for Own Type

The first model serves as a benchmark. Schelling’s
(1971) result of complete segregation is recovered
under the standard assumption that individuals pre-
fer to interact with agents of their own type. All
dyadic interactions are successful, i.e.pi,j = 1 for
all i, j ∈ Ω × Ω. However,xi,j = 1 + bias when

Figure 2: Complete Segregation

i = j andxi,j = 1 wheni 6= j, so that individ-
uals receive a higher payoff when interacting with
agents of their own type.

The simulations reveal that when the satisfaction
threshold is high, complete segregation according
to type occurs very quickly (see figure 2). How-
ever, as the satisfaction threshold is lowered below
1 + bias, integrated states can persist, since agents
“satisfice” and do not seek out more profitable in-
teractions with their own type.

3.2 Model 2: Risks of Homogeneity

The second model considers diversity as a means
of reducing risks of interaction between differ-
ent agent types. This is an attempt to represent
the ecological dangers of monoculture. We main-
tain the assumption of bias toward an agent’s own
type, but we introduce an element of risk. In
this model, there is a single probability distribu-
tion from which each agent typei ∈ Ω draws with
replacement. If in a given round the drawpi is
greater than0 < t < 1, then for alli, j ∈ Ω × Ω,
xi,j = 0. So, if an agent is surrounded by only one
type of agent, there is perfect correlation of payoffs
from each dyadic interaction. If one interaction has
zero payoff, then all will. If instead the agent has
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neighbors of various types, the risk of getting an
average payoff of zero is reduced according to the
proportions of agent types within the interaction
neighborhood. This design provides agents with
an opportunity to manage their risks by increas-
ing integration. In a monoculture, the chance of a
negative event is lower, but it has a devastating im-
pact. In integrated environments, negative events
can happen with greater frequency, but their im-
pact is smaller. This concept is leveraged in portfo-
lio management, based on the work of Markowitz
[1952] and Sharpe [1964].

The simulations show that the segregation ef-
fects that appeared so quickly under model 1 arise
under fewer conditions. As the number of agents in
the average interaction neighborhood grows (either
by increasing the number of agents in the simula-
tion or by increasing the size of agents’ interaction
radius), segregation gives way to “swarming” be-
havior. This swarming behavior is characterized by
groups of the same agent type which move around
the interaction space, temporarily interacting with
other groups as they go. This looks much like
bird flocking behavior as described by Toner and
Tu [1998].1 As the probability of failure increases
(the value oft decreases), swarming behavior be-
comes less stable, and breaks down into an unsta-
ble integrated state. In this state, there is very lit-
tle structure to the movement patterns of agents.
We find this result because of the high incidence
of dyadic interactions with a zero payoff. As the
average payoff drops, agent movement increases,
and so there is little chance for stability.

3.3 Model 3: Risks of Diversity

The third model is an attempt to capture the tension
between results like Markowitz [1952] and Sharpe
[1964] found in economics and the results in po-
litical science and social choice, such as Arrow

1Unfortunately, quantitative analysis of this behavior has
proven difficult. The bird flocking literature has studied how
to generate flocks, but not how to identify which birds are in
a flock.

Figure 3: Swarming Behavior

[1951]. As Page (2003) points out, this represents
a fundamental disconnect that has not yet been un-
derstood. On one hand, we find that diversity is de-
sired for hedging risk, while on the other we find
that diversity leads to a failure of consensus and
social strife.

To represent this, we increase both the risk and
the return of interaction when agents are of a dif-
ferent type as opposed to the same type. That is,
dyadic interactions are always successful only be-
tween agents of the same type, i.e.pi,j < 1 for
all i, j ∈ Ω × Ω wherei 6= j, while pi,i = 1 for
all i ∈ Ω. However,xi,j = 1 + advantage when
i 6= j andxi,j = 1 wheni = j, so that individ-
uals receive a higher receive a higher payoff when
interacting with a different type.2

Simulation shows that this model is the most in-
teresting to consider. First, we find that when the
satisfaction threshold is at or below 1, segregation
emerges. This is the opposite of the effect of the
satisfaction threshold in model 1, because of the
change from a bias for one’s own type to an advan-
tage to interacting with agents of other types. In the
cases in which the satisfaction threshold is greater
than 1, unstable integration is dominant. Agents

2advantage > 0
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Figure 4: Unstable Integration

seek out agents of other types, and because of our
definition of the movement rules, agents will move
unless their average payoff is greater than their sat-
isfaction threshold. Because of the diversity of
agents found in integration, agents will generally
have a reason to move, as not every interaction will
offer the same payoff. As the probability of fail-
ure increases, more swarming behavior emerges.
This is in effect a stochastic version of lowering the
satisfaction threshold. Agents will seek out other
agents of their type to claim the guaranteed inter-
action payoff more often than they will seek out the
higher potential payoffs of interactions with other
agent types, as there will be too many payoffs of
zero.

4 Conclusions

The segregation dynamic from Schelling’s classic
(1971) provided a compelling starting point to bet-
ter understand the dynamics of segregation and in-
tegration. We were able to recreate that dynamic,
and investigate the effects of a systematic modifi-
cation of the modeling assumptions. In our modi-
fied models with no absorbing segregating or inte-
grating state, we find a number of instances of seg-

regation emerging, but no instances of “stable inte-
gration”. However, we have far fewer cases of seg-
regation than Schelling’s original model, and have
uncovered the effects of additional model parame-
ters. The introduction of risk produced most of the
results, but these effects were not straightforward.
The level of risk interacted with satisfaction thresh-
olds: satisficers will segregate with higher levels of
risk, and will integrate with lower levels of risk.

There is a distinct limitation to these models,
which can carry over to how useful they are for
the study of social dynamics. Agents in the mod-
els never find a stable integrative state in part be-
cause they are not smart enough. They have no
memory, so they cannot calculate expected values
of interactions. Because of this, the agents have no
way to determine optimal hedging strategies. Fur-
ther, in integrated environments, individuals will
have neighbors that provide different interaction
payoffs. Given the way the movement rules are de-
fined, individuals will constantly move to increase
their average payoff. By using these simple mod-
els, we were able to research extensions of an ex-
isting and popular model, but we reached the limits
of what the models could tell us.

In future research we plan to use game-theoretic
models with agents that have memory. This leaves
open the opportunity to look into the effects of
learning rules of different complexities, and would
allow us to explore the dynamics with more real-
istic agents. With this increase in agent sophisti-
cation, new areas of inquiry become possible. Just
two possibilities are to consider agents with hetero-
geneous preferences for diversity, as well as agents
who can perform higher-order discrimination over
preferences.
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