W) Check for updates

Article

Journal of Conflict Resolution
2015, Vol. 59(3) 510-527
© The Author(s) 2014

T h e G eograp hy Of Reprints and permission:

sagepub.com/journalsPermissions.nav

Ethnocentl"ism DOI: 10.1177/00220027 13515401

jer.sagepub.com

®SAGE
Andrew W. Bausch'

Abstract

Hammond and Axelrod use an evolutionary agent-based model to explore the
development of ethnocentrism. They argue that local interactions permit groups,
relying on in-group favoritism, to overcome the Nash equilibrium of the prisoner’s
dilemma and sustain in-group cooperation. This article shows that higher levels of
cooperation evolve when groups are dropped from the model, breaking the link
between ethnocentrism and cooperation. This article then generalizes Hammond
and Axelrod’s model by parameterizing the underlying geographical assumptions
they make about the evolutionary environment. This more general model shows
that their findings are sensitive to these assumptions and that small changes to the
assumed geography of reproduction significantly affect the probabilities of finding
“ethnocentric” behaviors. The model presented here indicates that it is not local
interactions, per se, but settings where interactions are highly likely to be with close
relatives that lead to “ethnocentrism” as modeled by Hammond and Axelrod.

Keywords
prisoner’s dilemma, ethnocentrism, agent-based models, evolutionary models,
contingent cooperation

Hammond and Axelrod (2006; hereinafter HA) present an agent-based model to
show how ethnocentrism can develop in a system in which multiple groups structure
social interaction and find that in-group favoritism can support high levels of
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cooperation. Their model is based on local interactions that give rise to behaviors in
which agents tend to act cooperatively toward members of their own group but do
not cooperate with members of other groups. They argue that this differentiation
between an agent’s group and the out-group allows within-group interactions to
overcome the Nash Equilibrium of the prisoner’s dilemma (PD), as group members
tend to behave cooperatively toward each other. HA call this in-group favoritism
“ethnocentrism.”

HA build their definition of ethnocentrism off of the work of LeVine and Camp-
bell (1972), who stress cooperation in in-group interactions and the lack of cooper-
ation in out-group interactions. Likewise, Bizumic and Duckitt’s (2012)
conceptualization of ethnocentrism stresses a sense of ethnic group self-
centeredness, including a preference for an individual’s own group. A within-
group preference that makes co-ethnics more likely to cooperate is a common theme
in discussions of ethnocentrism (LeVine and Campbell 1972; Taylor and Jaggi 1974;
Peres and Schrift 1978; Berry and Kalin 1995). Habyarimana et al. (2007) argue that
cooperation between co-ethnics is likely due to in-group reciprocity norms and the
ease of finding and sanctioning noncooperative group members.

Habyarimana et al.’s (2007) emphasis on identification and sanctioning coincides
with the results of several reputation based-models of social cooperation (Nowak
and Sigmund 1998, 2005; Mohtashemi and Muri 2003). These reputation-based
models rely on memories of which agents have defected in the past to punish chea-
ters, selecting cheaters out of the population and creating long-term advantages for
agents willing to cooperate. Similarly, Fearon and Laitin (1996) use a game-
theoretic approach to show how reputation and the fear of punishment can sustain
in-group cooperation in a one-shot PD, while group reputation and in-group policing
of out-group defections can maintain interethnic cooperation. Building on that
model, Nakao (2009) argues that the success of interethnic cooperation hinges on
the ability of groups to monitor and punish wrongdoers within their own group.

In contrast, the HA model is “history free” in that current interactions are not
conditioned on the past actions of agents, which are not even remembered. The
advantage of HA’s approach is that they make minimal assumptions about agents’
cognitive abilities and agents are endowed with bounded, rather than perfect, ration-
ality. HA argue that local interactions and agents’ abilities to distinguish between
groups are enough to generate widespread ethnocentric behavior. However, HA’s
model is evolutionary and their reproduction mechanism, in which children locate
next to their parents, creates neighborhoods of interaction that are not merely ethni-
cally homogeneous but primary made up of close relatives. In effect, most interac-
tions are within an agent’s “radius of particularized trust,” or the subset of a
person’s ethnic group, in particular family members, within which high levels of
trust are expected (Fukuyama 2000; Bahry et al. 2005). In an evolutionary system,
neighborhoods where trust is high and exploitation is low allow cooperation to
develop, as the strategies of agents in those neighborhoods begin to spread. For
example, Macy and Skvoretz (1998) show that the less often agents interact with
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strangers in a series of one-shot PD, the more likely cooperation is to emerge in a
system. Meanwhile, Janssen (2008) demonstrates that when agents are given the
ability to learn to recognize trustworthy partners, cooperation evolves and is main-
tained in the system. Thus, frequent interactions among close relatives, where par-
ticularized trust is high, should lead to high levels of cooperation.

HA use a restrictive definition of local interaction and a narrow assumption with
regard to children placement, preventing their model from supporting their claim
that ethnocentrism enhances cooperation. Because most interactions are with close
relatives, what appears to be cooperation emerging through ethnocentric behavior
may be simply cooperation among family members (or genetic clones). Therefore,
the model’s geographic assumptions may be driving cooperation, regardless of eth-
nic groupings. In fact, spatially structured interactions with no group differentiation
have been previously shown to promote cooperation (Nowak and May, 1992, 1993;
Nowak, Bonhoeffer, and May 1994; Killingback, Doebeli, and Knowlton 1999; Ifti,
Killingback, and Doebeli 2004; Doebeli and Hauert 2005). Spatial structure allows
cooperating agents to meet more often than by chance, which appears to be the key
to sustaining cooperation in a population (Grafen 1985; Doebeli and Hauert 2005;
Hruschka and Henrich 2006; Németh and Takacs 2007). Using a similar model to
HA, Axelrod, Hammond, and Grafen (2004) find that some spatial structuring of
interactions is necessary for in-group cooperation to occur, although they do not rig-
orously examine the entire parameter space of their model.

Despite the importance of the spatial structure to their argument, HA do not param-
eterize the geography of their model and use the most restrictive definition possible of
local interaction. This calls into question the robustness of their findings, since it may
be that the extremely local interactions they specify are influencing their results.
Furthermore, HA’s tight reproduction assumption in which children locate immedi-
ately adjacent to their parents may also drive their results. Again, HA neither parame-
trize the placement of children in the model nor discuss its possible implications for
their results.

In this article, I generalize the HA model by examining the geographies of both
social interaction and reproduction. I show that HA’s key results can be generated
even when there are no ethnic groups in the model, demonstrating that geography
rather than group identity is producing the high levels of cooperation they find. In
addition, I parameterize the distance over which the agents interact and the distance
children locate from their parents. The HA “ethnocentrism” finding is robust when
interactions follow a power-law distribution in which most interactions are local but
some are not. However, I show the HA findings are not robust to changes in assump-
tions about where children locate in relation to their parents. In short, generalizing the
very specific geographic assumptions built into HA’s agent-based model reveals that
these assumptions are critical to their key substantive results about ethnocentrism.

This article attempts to make both a substantive and a conceptual contribution.
Substantively, I argue that it is not local interactions, per se, that lead to ethnocen-
trism but settings where interactions are likely to be with closely related co-ethnics
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Table I. Payoff Matrix.

C D

C 2,2 -1,3
D 3, -1 0,0

that lead to ethnocentrism. Conceptually, I show how assumptions about interactions
and reproduction, that is, a model’s geography, can drive cooperation.

Model

A full description of the agent-based model of ethnocentric social interaction can be
found in HA. Here, | summarize the main components of their model and then dis-
cuss how I generalize the model by parameterizing key assumptions. Each agent
occupies a cell in a 50 x 50 toroidal grid and may have up to four other agents in
their Von Neumann neighborhood, with whom they interact in a PD game.' Each
agent also has a “probability to reproduce” (PTR) and three traits. The PTR is the
key endogenous parameter of the evolutionary model and is updated based on the
outcome of the PD games each round. The first trait specifies an agent’s group iden-
tity. The second trait specifies whether the agent cooperates or defects when meeting
another agent of its own group, while the third specifies whether the agent coop-
erates or defects when meeting an agent of a different group. HA interpret an agent
who cooperates with its own group but defects with the other groups as being
ethnocentric.

The core game of the model is a PD. Each round, agents are paired with all of the
other agents in their Von Neumann neighborhood and play either cooperate (C) or
defect (D) according to their strategy. The payoffs of the game are listed in Table 1.

The payoffs from the game are added to the agent’s PTR that is reset at the begin-
ning of each period of the model. Each period of the model consists of four phases:
immigration, interaction, reproduction, and death.

In the immigration phase, an agent with random traits enters at a random empty
site, if there is one. The model begins with all sites empty. In the interaction phase,
each agent interacts with its neighbors in a one-move PD game and its PTR is
updated according to the outcome of the game. In the reproduction phase, agents are
selected in random order and given the chance to reproduce with probability equal to
their updated PTR. If selected for reproduction, the agent creates a clone of itself
with respect to the three traits discussed previously. However, there is a small prob-
ability that mutation can occur through which one or more of the child’s traits is dif-
ferent from its parents’. The child is then placed in an empty cell in the Von
Neumann neighborhood of the parent, if there is one; if there is no such empty cell,
a child cannot be born. Finally, agents have a probability of dying randomly with a
probability unconnected to the individual agent’s PTR.
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A key feature of the HA model is thus that both the interaction and the reproduc-
tion phase involve strong geographic assumptions. I start by addressing the repro-
duction phase since the issues are more straightforward. Allowing the “child” to
be placed only in the Von Neumann neighborhood of the reproducing agent is pro-
blematic. The substantive motivation behind this assumption is that children stay
close to their parents, allowing local clans, and consequently ethnocentric behavior,
to emerge. However, placing children only within their parents’ Von Neumann
neighborhood is the most restrictive assumption possible about where children live
in relation to their parents.” Furthermore, this assumption creates a system in which
agents are primarily interacting with clones of themselves, identical in both ethnicity
and strategy for playing the PD game. This setup leaves us unable to determine if it is
group identity that is driving cooperation or if cooperation would still emerge if the
group trait was dropped from the model and players simply played with close rela-
tives with typically identical strategies. In the following, I examine whether cooper-
ation in the model is the result of the spatial structuring of clones by running the
model with the group trait removed.

In addition, I address this problem of the clustering of agents of identical strategy
by respecifying and parameterizing the model to assume that children may locate at
any random empty site within an exogenously specified Euclidean distance from the
parent, which I label child-distance. By parameterizing this distance, I can determine
whether ethnocentrism arises purely due to local interactions, as argued by HA, due
to local reproduction, or whether both are necessary. Using a specified cutoff point
for the distance a child can be placed from the parent keeps the model proposed in
this article nearly identical to the HA model, which can be nested within my model
by setting child-distance at 1 in the computer simulation.

However, specifying a sharp cutoff point is an unnecessarily restrictive modeling
assumption. If a child can easily locate at a Euclidean distance of three from the par-
ent, for example, it is unclear that why this distance could never be 3.1. To address
this concern, I respecify the model with the more realistic assumption that child-
distance is a random draw from a power-law distribution. The child then locates
at a random empty site within this distance. By using a power law, I can bias the
child-distance to be close to one, capturing the Von Neumann neighborhood, but
also allow the possibility that a child will be placed farther away without arbitrarily
defining a boundary.’

The immediate effect of increasing child-distance should be to lessen geogra-
phically concentrated group propagation, breaking down the neighborhoods of
perfect clones that form in the original model. This allows us to distinguish
between ethnocentrism per se, and ethnocentrism as modeled by HA, which
involves an intense geographic segregation of agents with similar strategies and
groups. As Read (2010) argues, once agents are no longer primarily interacting
with clones of themselves, we expect cooperation in the system as a whole to fall.
As child-distance increases, the percentage of out-group interactions increases as
well because agents from different groups can locate next to each other more
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easily. In out-group interactions, there is no mechanism that promotes mutual
cooperation and so agents who cooperate will be exploited. Most out-group inter-
actions should then result in defect—defect outcomes, lowering the overall level of
cooperation in the system.

Furthermore, even in interactions with coethnics, cooperation is likely to
decrease as child-distance increases because agents become more likely to locate
next to a member of the same group that is not a genetic clone. If their second trait,
which specifies whether an agent cooperates or defects when meeting another
agent of its own group, differs, the agent who cooperates will be exploited by the
agent who defects. Previously, agents playing the ethnocentric strategy were
highly likely to locate in neighborhoods where they only interacted with genetic
clones that were, therefore, also of the same group and ethnocentric. Now, how-
ever, an increased child-distance increases the probability an ethnocentric agent
interacts with a member of the same group playing the Nash Equilibrium
strategy. In the original model, an ethnocentric agent might encounter an agent
playing the Nash Equilibrium through random mutation or immigration.
Cooperation with the ethnocentric agent’s other neighbors would allow it to
recover the loss incurred by being exploited by only one neighbor. With an
increased child-distance separating clones from themselves, ethnocentric agents
are less likely to play with their children or other close relatives, and therefore
less likely, ceteris paribus, to meet neighbors from the same group who are also
ethnocentric. These coethnics fall outside of an agent’s radius of particularized
trust, meaning they are just likely as non-co-ethnics to defect in the PD game.
In the long run, this creates an advantage for agents playing the Nash
Equilibrium of unconditional defection that, in effect, exploits ethnocentrics of
their own group.

Thus, with an increased percentage of out-group interactions and in-group coop-
eration more difficult to sustain, I hypothesize that as child-distance increases, both
cooperation in general and ethnocentrism in particular should decrease.

In the interaction phase of the HA model, each agent only interacts within its Von
Neumann neighborhood, which is the narrowest possible definition of local interac-
tion. This restricted area of interaction for agents biases the model in favor of coop-
eration in areas where two ethnic groups border each other geographically. In such
places, agents that are on the border interact with non-co-ethnics. However, agents
slightly inside the border are likely to never meet a non-co-ethnic despite their prox-
imity. Thus, the HA assumptions about the distance over which interactions occur
create an artificially rigid border that decreases out-group interactions, inflating the
level of cooperation in the system. Furthermore, the HA assumption about interac-
tions also prevents nearby groups of co-ethnics with different PD strategies from
meeting. Because Nash Equilibrium players exploit ethnocentrics, this assumption
may bias the HA findings in favor of ethnocentrism.

To generalize and parameterize HA model assumptions about the geography of
social interactions, I specify assumptions equivalent to those concerning the
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geography of birth locations. First, rather than having agents interact only in their
Von Neumann neighborhood, I allow them to interact with a randomly selected
agent within an exogenously given radius that I term the interact-distance. Alterna-
tively, before each interaction, agents randomly select an interact-distance from a
power-law distribution and then interact with a randomly selected agent within that
distance. Again, using a power law allows me to make local interactions more prob-
able while nonetheless allowing longer distance interactions to occur. Moreover,
Gonzalez, Hidalgo, and Barabasi (2008) argue that the best fit to empirically
observed patterns on human mobility is given by a power law, providing further sup-
port for the assumption that the geography of human social interactions follows a
power law.*

Using random interactions inside a set distance requires a nontrivial revision of the
original HA model. In the original model, partners for interaction are chosen determi-
nistically. Each agent interacts with all other agents in its Von Neumann neighborhood
each round. Introducing a larger neighborhood renders unrealistic the HA assumption
that all agents interact with all neighbors every period. For this reason, I generalize the
model to make interactions probabilistic, with the assumption that each agent selects
one random partner for interaction each period. Thus, agents are guaranteed one inter-
action each period, provided there is an agent within interact-distance. When agents
are densely clustered, each will be selected for interaction by another agent once on
average. Thus, on average, each agent participates in two PD games each period. This
is different from the HA model, where, in densely populated areas, agents play four
PD games each period. Clearly, the assumption about how many interactions in a
given period an agent participates in makes explicit an otherwise implicit assumption
about the calibration of periods in the model to real time. As discussed later, I address
this matter by running the model for more periods when testing the effect of an
expanded interact-distance on the development of ethnocentrism.’

Conditional on forcing children to locate within their parents’ Von Neumann
neighborhood as in the original model, increasing interact-distance will gradually
increase the percentage of interactions outside of an agent’s ethnic group. This
changing pattern of interactions should lower overall levels of cooperation, as agents
increasingly interact with non-co-ethnics. Furthermore, ethnocentric agents will
interact more frequently with members of their own group that are not close rela-
tives. Because increasing interact-distance weakens the ability of ethnically homo-
geneous neighborhoods to promote in-group cooperation, agents playing the Nash
Equilibrium strategy can exploit ethnocentric agents of their own group until they
dominate the system. Thus, consistent with the argument of HA, I hypothesize that
as interact-distance increases, cooperation and ethnocentrism should decrease.

While increasing either child-distance or interact-distance, holding the other con-
stant at its value in the original HA model, should lead to decreases in cooperation and
ethnocentrism, there are potential interaction effects. Increasing child-distance should
always lead to less dense groupings of clones and, in turn, lead to less cooperation and
ethnocentrism. Regardless of the level at which inferact-distance is fixed, increasing
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child-distance will result in less cooperation due to more out-group interactions and
less ethnocentrism due to more interactions between agents of the same group that are
not clones. As hypothesized previously, these dynamics favor the Nash Equilibrium,
so cooperation and ethnocentrism will decrease. Likewise, when allowing children to
locate at a distance from their parent, increasing interact-distance should further
decrease the frequency with which cloned agents interact. This mechanism again
should favor agents playing the Nash Equilibrium strategy and decrease cooperation
and ethnocentrism. Thus, when increasing child-distance and interact-distance at the
same time, the effects should reinforce each other and further decrease cooperation
and ethnocentrism.

Having reviewed HA’s model and discussed my generalization, extension, and
related hypotheses, I now discuss the computational methods used to explore the dif-
ferences between the models.

Methodology

Because the evolutionary dynamics make the model intractable analytically, HA use
an agent-based simulation technique. Wilensky (1999, 2003) has previously imple-
mented the HA model in NetLogo and I build on his code.® After re-coding the
model to specify child-distance and interact-distance as described previously, I first
attempt to retrieve the original HA findings, as discussed in online Appendix A.
Overall, the results suggest the original HA model is well captured by the re-
coded versions.

To test whether it is group identity per se that is driving cooperation, or whether
cooperation is the result of the spatial clustering of agent types generated by the
reproduction mechanism, I drop the group trait from the model and run it without
any ethnic groups.” I compare the mean level of cooperation of these runs with no
groups to the results from the original HA model, which has four groups.

Having examined the effect of removing the group trait from the model, I eval-
uate the effect of the key new model parameters, child-distance and interact-
distance.® I begin by keeping interactions in the Von Neumann neighborhood while
varying child-distance. Each time an agent reproduces, it draws a unique child-

. N 1 .
distance from the power-law distribution T where y is drawn randomly from
cxXy

auniform distribution between 0 and 1 each reproduction, and where ¢ and k are exo-
genously defined prior to the beginning of the run as described later. Children locate
randomly on any open cell within the radius defined by that function.” I follow Laver
and Sergenti (2011) in using a Monte Carlo parameterization of the power law that
specifies child-distance. 1 run the model 100 times, varying the parameters of the
power law such that, on the low end, 50 percent of children locate within two cells
of their parent and, on the high end, 50 percent of children locate within eight cells of
their parents.'” The level of cooperation and the percentage of ethnocentric agents
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Table 2. Percentage of Agents Playing Each Type of Strategy.

Strategy Four-group model No-group model
CcC 14.7 42.5
CD 75.1 377
DC 1.9 10.3
DD 8.4 9.6
Total C when meeting own group 89.8 80.2
Total D when meeting own group 10.3 19.9

Note: The first letter of the strategy indicates whether an agent Cooperates (C) or Defects (D) when
meeting a member of its own group, while the second letter indicates whether an agent Cooperates (C)
or Defects (D) when meeting a member of another group.

are then plotted using fractional polynomial plots because the nonlinear nature of the
results prevents the use of standard statistical techniques.

Next, [ evaluate the effect of interact-distance, fixing child-distance at 1. I run the
model 100 times using the power law described previously such that, on the low end,
50 percent of the interactions are with a partner within two cells and, on the high end,
approximately 50 percent of interactions occur with a partner selected at random
from the population with no regard to geography.'' I explore interact-distance over
a wider interval than child-distance because preliminary runs of the model suggested
that this parameter was less sensitive to small changes.'?

Finally, the results of 200 runs when child-distance and interact-distance vary
independently of each other over the same intervals are addressed in the online
appendix.

Results

Dropping Groups from the Model

Given that spatial patterns of reproduction and interaction in the HA model produce
a system in which agents are primarily interacting with clones of themselves, HA are
unable to show how much group identity in itself is contributing to cooperation or to
rule out the possibility that cooperation would be just as high when there is no group
identifier, simply because of the local geography of agent reproduction. I repeated
the HA experiment with no ethnic groups to address this issue and found high levels
of cooperative behavior generated, in the absence of ethnic diversity, simply by spa-
tial patterns of interaction and reproduction. In short, the clustering of agent types
arising from the geography of reproduction generates intense geographic segrega-
tion by PD strategy, such that cooperators will tend strongly to play with other coop-
erators and defectors with other defectors. Since the PTR payoff for mutual
cooperation exceeds that for mutual defection, cooperators will tend to prosper in
this evolutionary environment. The results for the model with no ethnic groups
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showed that 81.1 percent of interactions were cooperative, which is significantly
more cooperation than in the four-group HA model."

Furthermore, as indicated in Table 2, the combined percentage of CC and CD
agents in the four-group model is greater than the percentage of agents playing C
in the model with no group distinction.'* Though there are more agents that coop-
erate within group in the four-group model, the prevalence of defection when meet-
ing out-group members results in the lower levels of overall cooperation reported in
the previous paragraph. Thus, ethnic groups, and the resulting ethnocentric behavior,
are not contributing to cooperation but inhibiting it.

In fact, the high levels of cooperation that emerge when running the model
with no ethnic groups suggest that the geographic assumptions about reproduction
and interactions, in contrast to group differentiation, are accounting for a large por-
tion of HA’s results on cooperation. The cooperation induced by the spatial struc-
turing of reproduction and interaction demonstrates that group identity, which is the
basis of ethnocentrism but not relevant in the no-group model, is not driving the
HA results. Furthermore, in models with more than one group, homogeneous neigh-
borhoods develop through the reproduction mechanism. While the third trait of eth-
nocentric agents is important on the borders of these neighborhoods, it is much less
important in the middle of these neighborhoods since non-co-ethnics meet only
rarely, as a result of mutations. Thus, the high levels of “ethnocentrism” reported
by HA are inflated by children of agents who carry the ethnocentric gene, but never
actually engage in ethnocentric behavior because they never interact with members
of other groups. As reported in Table 2, the 37.7 percent of agents with a strategy
of CD when there are no ethnic groups and the second trait is redundant provide
evidence of this type of inflation.

Overall, dropping the group distinction from the HA model severs the connection
between ethnocentrism and cooperation proposed by HA. Two key geographic
assumptions, that children are born near their parents and agents interact locally, are
enough to produce high levels of cooperation. When ethnic groups are added to the
model, cooperation falls. This decreased level of cooperation when group identity is
included in the model shows that it is not the agents’ ability to distinguish between
meeting an in-group and out-group member that promotes cooperation. Removing
groups from the model demonstrates that local reproduction and interaction, rather
than ethnocentric behavior enabled by group distinctions, are driving cooperation.

The Effect of Child-distance

I now discuss the new parameters I added to the model, beginning with the results of
varying child-distance while retaining the HA assumption that interactions occur
deterministically within the Von Neumann neighborhood. Figure 1 shows that as
child-distance increases, the proportion of ethnocentric agents in the system
decreases, and indeed approaches the low level that would arise simply by random
immigration. Furthermore, as Figure 2 indicates, the level of cooperative behavior
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Figure |. Predicted percentage of ethnocentric agents as k increases for child-distance.
Note: The shaded area around the curve represents a 95 percent confidence interval.
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Figure 2. Predicted percentage of cooperation as k increases for child-distance.
Note: The shaded area around the curve represents a 95 percent confidence interval.
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Figure 3. Predicted percentage of ethnocentric agents as k increases for interact-distance.
Note: The shaded area around the curve represents a 95 percent confidence interval.

falls off at the same rate, implying that agents playing the Nash Equilibrium strategy
begin to dominate the system. When k equals 1, parents have a fifty-fifty chance of
placing their child within a Euclidean distance of 2 from themselves. Despite this
tight reproductive spacing, at approximately £ equals 1, the predicted percentage
of ethnocentric agents has already fallen by about one-third. Moreover, by k equals
1, cooperation has already fallen to about half of its level in the original model.
Taken together, we see a tendency toward a reversion to the Nash Equilibrium, con-
firmed by the consistent decline in both cooperative and ethnocentric behaviors as
child-distance increases. These findings show that the emergence of ethnocentrism
and cooperation both depend sharply on assumptions about the geography of repro-
duction. As children locate farther from their parents, ethnocentric agents are sepa-
rated from their ethnocentric parents and exploited by agents of the same ethnicity
that defect on co-ethnics. Within-group cooperation cannot be sustained, as children
locate farther away from their parents and ethnocentric agents give way to agents
that always defect. Thus, neighborhoods of close relatives formed as a result of chil-
dren locating next to their parents appear to be necessary for ethnocentrism and
cooperation to emerge.

The Effect of Interact-distance

I now constrain the placement of children to the HA assumption of the Von Neumann
neighborhood and examine the effects of increasing interact-distance. Figures 3 and 4
show that increasing inferact-distance systemically decreases the levels of both
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Figure 4. Predicted percentage of cooperation as k increases for interact-distance.
Note: The shaded area around the curve represents a 95 percent confidence interval.

ethnocentrism and cooperation, though this decline is less striking than that associated
with increasing child-distance. Using a power law biases local interactions in such a
way that even if a majority of interactions are between agents far apart, a substantial
percentage remain quite local. For example, even when £ is set as high as 5, 25 percent
of interactions will take place at a Euclidean distance of less than 4.3 from the agent. It
is likely that this area is filled primarily with an agent’s clones, giving clusters of eth-
nocentric agents a reproductive advantage. While the substantial level of within-
cluster interactions helps ethnocentric clones, these clusters protect themselves
through defection in interactions with non-co-ethnics. Moreover, they interact with
clones of themselves often enough to overcome any exploitation by members of the
same ethnic group who play the Nash Equilibrium strategy. Therefore, even when
some interactions are not local, ethnocentrism can be sustained. This is confirmed
in Figure 3, which shows that appropriately 50 percent of agents are ethnocentric when
k equals 5. Overall, these results demonstrate that expanding the distance over which it
is possible for agents to interact decreases, but does not eliminate, ethnocentrism due
to the amount of relatively local interactions that remain.

Cooperation can also be sustained when interact-distance is high, but not to the
same degree as ethnocentrism. As interact-distance increases, fewer interactions
tend to be with co-ethnics, and so we should expect lower levels of cooperation than
ethnocentrism. When £ is 5, Figure 4 shows that less than 40 percent of interactions
are cooperative, approximately 10 percent less than the percentage of ethnocentric
agents. This result indicates ethnocentrism can emerge even when high levels of
interactions occur with out-groups.
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Discussion

This article attempts to make both a substantive and a conceptual contribution. Sub-
stantively, I explore the effects of geography on the development of ethnocentrism.
By separating the effect of local interaction from the effect of local propagation of
groups, the revised model shows that it is not merely local interactions that lead to
ethnocentrism. Rather, it is settings where interactions are likely to be with closely
related co-ethnics that lead to ethnocentrism. In fact, when dropping ethnic groups
from the model entirely, but forcing extremely local interaction and reproduction,
the spatial structuring of interaction and reproduction produces higher levels of
cooperation than running the model with multiple groups. Thus, cooperation is
revealed to be the result of the assumptions about the geography of reproduction and
interaction rather than the result of agents’ ability to distinguish between groups.

Furthermore, in contrast to the findings of HA, who stress the importance of local
interactions, the model presented here suggests that the geographical contiguity of close
relatives is at least as important to the development of ethnocentrism as the distances
over which agents interact. As the distance children locate from their parents increases,
neighborhoods of closely related agents cannot develop, without which in-group trust
cannot develop and neither ethnocentrism nor cooperation can be sustained. Even pla-
cing children small distances from their parents decreases ethnocentrism. However, the
model presented here does confirm that, when placing children next to their parents, the
HA results are robust to allowing long-distance interactions as long as a sizable portion
of interactions occur within an agent’s neighborhood of close relatives.

Conceptually, this article shows the importance of geography in the development of
cooperation and ethnocentrism. The model with no ethnic groupings clearly shows that
geographic assumptions about interactions and reproduction alone are enough to evolve
cooperation. Meanwhile, the parameterization of the HA model with respect to the dis-
tance children locate from the parents and the distance over which agents interact has
important implications for the study of ethnocentrism. Taken together, the introduction
of these parameters demonstrates “ethnocentrism” is most likely to emerge when geo-
graphy allows a large percentage of interactions to occur between closely related agents.

Finally, this article presents a methodological challenge to agent-based modelers to
explore more fully the effects of the, often implicit, geographic assumptions in their mod-
els. Lacking a clear link between the geography of the simulated system and the real sys-
tem we are trying to model, modelers should recognize that the geography chosen for a
model becomes a parameter of the model. Rather than making firm assumptions about
geography, we should explicitly parameterize geographic assumptions and systemati-
cally investigate their effects. At a minimum, this serves as a robustness check, but, as
this article demonstrates, precise geographic assumptions may be critical to key results.
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Notes

1. The Von Neumann neighborhood consists of the cells to the immediate north, south, east,
and west of the agent, in contrast to the Moore neighborhood, which includes those four
cells and the four cells diagonally adjacent to the agent.

2. Moreover, agents with the highest likelihood to reproduce will fill their Von Neumann
neighborhood with their own children in a shorter number of periods, on average, than
agents with lower likelihoods to reproduce. Once all four of an agent’s adjacent squares
are filled, that agent’s probability to reproduce effectively falls to zero until a neighboring
agent dies. For certain geographical patterns of agents, biases can occur in favor or
against specific types of agents. However, there is no reason to believe these patterns
appear systematically and so the overall effect of this restriction on reproduction is
unlikely to bias the results.

3. Little empirical work has been done on how far children tend to live from their parents.
Using the 1987 National Survey of Families and Households, Rogerson, Weng, and Lin
(1993) and Lin and Rogerson (1995) present summary statistics on how far adult children
in the United States live from their parents. While their goal is not to evaluate the distri-
bution, it appears their data can be well approximated by a power-law distribution. For
discussions of the determinants of the distance adult children live from their parents, see
the work of Smith (1998), Michielin and Mulder (2008), Malmberg and Pettersson
(2008), and Pettersson and Malmberg (2009).

4. Gonzalez, Hidalgo, and Barabasi (2008) further argue that a truncated power law may be
a better fit. For a discussion of what distributions human mobility tends to follow, see the
work of Brockmann, Hufhagel, and Geisel (2006); Song et al. (2010); and Rhee et al.
(2011). They have in common that some sort of scale-free distribution best models human
mobility.

5. The results also indicated that changing to probabilistic interactions introduced a bias in
favor of cooperation into the system. While not directly relevant to argument presented in
this article, I believe this bias is produced by long-term feedback effects that result when
cooperating agents meet by chance more than expected in a given round. This bias is not
necessarily problematic for two reasons. First, as long as runs using probabilistic interac-
tions are only compared to runs using probabilistic interactions and runs using determi-
nistic interactions are only compared to runs using deterministic interactions, the bias is
accounted for. Second, the probabilistic model is most likely more realistic when we
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consider a larger area of interaction since interacting with every agent within that area
every period seems impractical.

6. The Wilensky code is provided in the model library distributed with NetLogo.

7. These 10 runs were done with my modified code that places children according to a Eucli-
dean distance fixed at 1 and uses deterministic interactions within an agent’s Von Neu-
mann neighborhood. The number of groups was set to 1 for these runs, making the group
trait irrelevant to the outcome.

8. All results discussed in the main body of the article included four groups.

9. 1 focus on drawing child-distance from a power law, but also examined drawing child-
distance from a uniform distribution. Those results suggest the original model is even
more sensitive to the placement of children than the results presented in the following.

10. More specifically, c is fixed at 1 for all runs and & varied randomly between .25 and 3. As
k increases, children locate farther away from their parents.

11. More specifically, c fixed at 1 for all runs and & varied randomly between .25 and 5.

12. As mentioned previously, models with interact-distance set greater than 1 were run to
more time steps than other models. Other models, including the original HA model, were
run to 2,000 time steps, by which point they had reached a stochastic steady state. Models
with interact-distance set greater than 1 were run for 8,000 time steps. See the online
appendix A for evidence that the latter model was fully burnt in by 8,000 time steps.

13. The model with no groups had a mean of 81.1 percent cooperation with a standard error of
.7 while the four-group model had a mean of 74.2 with a standard error of .5. The differ-
ence is highly statistically significant.

14. Of surviving agents, 80.2 percent have the strategy of playing C in the no-group model
while 89.8 play either CC or CD in the four-group model. A direct comparison to the
HA results here is not possible because they only report the percentage of ethnocentric
agents, not the percentage of all four possible types of agents. The result presented in the
table for the four-group model are from the Wilensky coding.
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