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Abstract
This paper provides an evolutionary explanation for the different patterns of coop-
eration across groups in societies in which social and political identity dimensions 
are cross-cutting, compared to societies in which identity dimensions are overlap-
ping. An agent-based model of interaction between individuals belonging to differ-
ent groups is presented. An agent’s decision to cooperate or defect in a prisoners’ 
dilemma game is based on the identity of the others along two identity dimensions. 
In the first version of the model, the two identities are equally salient, while in the 
second version, their relative salience varies. The results show that in the presence 
of cross-cutting identity dimensions, cooperation takes place not only within clus-
ters of identical individuals, as suggested by previous models, but also along each 
of the two identity dimensions, between individuals that share only one of the two 
identity traits. As the relative salience of one identity dimension increases, cooperat-
ing along the lines of the more salient dimension becomes the most successful strat-
egy. These findings are relevant for understanding the patterns of cooperation in het-
erogenous societies and under increased levels of social and political polarization.

Keywords Agent-based model · Cooperation · Ethnocentrism · Social cleavages · 
Identity dimensions

Introduction

An extensive political science literature on social cleavages [24, 32, 37], as well as 
an increasingly large political economy literature on the discrepancy between eco-
nomic interest and voting behavior [23, 46], suggest that the presence of multiple, 
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cross-cutting identity dimensions changes the patterns of inter-group cooperation, 
with implications for inter-group coalition formation and political stability. Exam-
ples include alliances between different ethnic groups that share an economic inter-
est or alliances between groups that have conflicting economic interests, but have 
the same preferences over moral issues. At the same time, there is evidence that the 
relative importance or salience of different identity dimensions has a strong impact 
on inter-group relations [48, 53, 54].

However, a few attempts have been made to provide formal explanations for the 
observed relations between multiple intersecting identities and inter-group coop-
eration, and between the relative salience or relevance of identity dimensions and 
patterns of social interaction. Axelrod and Hammond [1] and Hammond and Axel-
rod [26] partially address this issue in their model of local interaction between indi-
viduals belonging to different groups. Their main result is that the most successful 
strategy in this situation is “ethnocentrism”, which is defined as the strategy of col-
laborating with members of the same group and defecting with members of other 
groups. Individuals that have a predisposition for in-group favoritism have a better 
chance of survival and reproduction. Moreover, they conclude that ethnocentrism 
proves to be a good strategy for sustaining individually costly cooperation in the 
absence of other more complex mechanisms. However, the groups in Hammond and 
Axelrod’s model are defined on a single identity dimension. In fact, most models of 
identity and inter-group relations are based on the assumption that individuals have 
a single activated group identity at a certain point in time.

At the same time, political scientists have long emphasized the multi-dimensional 
character of social divisions and political competition, which raises several ques-
tions: What types of strategies are most successful from an evolutionary perspective 
in the presence of multiple identity dimensions? Can the observed tendency towards 
increased cooperation across group lines in situations in which group identities are 
cross-cutting, as opposed to situations in which the same identities are overlapping 
be explained? If some of the identity dimensions are more salient than others, how 
does this relative salience affect the patterns of social interaction? Does it change the 
success of different evolutionary strategies?

To address these issues, I present a modified version of Hammond and Axelrod’s 
model, in which there are two identity dimensions present in the population at the 
same time: color and shape. Each agent is randomly assigned one of four colors: 
green, red, blue, and yellow and one of four shapes: club, diamond, heart, and spade. 
Agents then interact with their neighbors in a prisoner’s dilemma game, receive 
payoffs, and have a chance at local reproduction that is proportional to their accu-
mulated payoffs. Each agent takes its decision to cooperate or defect based on the 
color and shape of the other, given its own predefined strategy for meeting someone 
of a certain color and shape. A full set of potential strategies based on combina-
tions of same/different color and same/different shape is defined, and the success 
of each strategy, as well as the rate of overall cooperation in the world are recorded. 
Two versions of the model will be analyzed. In the first one, the two dimensions 
are equally salient. In the second version of the model, I allow for an increase in 
the salience of one identity dimension relative to the other. Specifically, I focus on 
a situation in which shape is more important than color and define relative salience 
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as the probability of observing the wrong color while always observing the correct 
shape of other agents.

The rest of this paper proceeds as follows: The next section presents a brief 
review of the literature on social identity and inter-group relations, with an empha-
sis on agent-based models of identity, as well as some insights into the possible 
effects of multiple identities for group relations, derived from social psychology 
and the theory of political cleavages. The third section describes the model and the 
experimental design, and the subsequent one presents and interprets the results. Two 
aspects are taken into consideration when presenting the results. The first one is a 
comparison between the original Hammond and Axelrod [26] model and the modi-
fied version in which both identity dimensions are equally salient. The second one is 
a comparison between this equal-salience model specification and the one in which 
the relative salience of the two dimensions is allowed to vary. The final section sum-
marizes and discusses the findings.

Theoretical motivation

Social identity in agent‑based models

Most agent-based models of social identity focus on the endogenous formation and 
evolution of a sense of shared identity in a population. In Lustick’s [34] model, 
agents have repertoires of latent identities and decide which of these identities to 
activate based on the active identities of their neighbors. A curvilinear relation 
between the size of each agent’s repertoire and the degree of identity concentration 
in the population emerges. Intermediate repertoire sizes favor the formation of large 
regions of individuals who share the same identity. Rousseau and Van der Veen [41] 
discover a similar curvilinear relation between the variety of views in the population 
and the emergence of shared identity.

Other studies focus less on the emergence and evolution of identity, and more on 
the political implications of having multiple identities in a population. Epstein [19] 
models civil violence as a function of the mutual perception by ethnic groups of the 
others’ right to exist and finds that a peacekeeping central authority is needed to 
avoid violence and the annihilation of one of the groups. Cederman [8] studies the 
formation of national identities in ethnically diverse landscapes, while Srbljinovic 
et al. [47] explain the differences in political mobilization levels across populations 
through the degree of importance individuals place on their ethnic identity and the 
structure of the social networks.

Axelrod and Hammond [1] and Hammond and Axelrod [26] develop an agent-
based model in which in-group favoritism emerges as the most successful strategy 
despite being based on arbitrarily assigned group memberships and in the absence 
of complex cognitive abilities. In their model, agents interact locally in a prison-
er’s dilemma game. Each agent has three predefined traits: color, a strategy (defect 
or cooperate) for meeting someone of the same color, and a strategy for meeting 
someone of a different color. Ethnocentrism is defined as cooperating with agents of 
the same color while defecting with others, and in the presence of local interaction 
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and local reproduction, it emerges as the most successful strategy. Maintaining and 
acting upon a distinctive group identity have been viewed by biologists and social 
scientists alike as a successful mechanism for overcoming problems of cooperation 
at the group level. Starting with the experiments of Tajfel [49], people have con-
sistently been found to give preferential treatment to those belonging to their own 
group, even in situations in which group membership is arbitrarily assigned.

A counter-intuitive result in Axelrod and Hammond [1] and Hammond and 
Axelrod [26] model is that if ethnocentrism is replaced by a strategy which does 
not discriminate towards members of other groups, overall cooperation in the world 
decreases. They also show that the ability to distinguish between in-group and out-
group members is essential for maintaining high levels of cooperation in the popula-
tion and for ethnocentrism to dominate the other possible strategies. Kaznatcheev 
[29] reaches a similar conclusion. He emphasizes the ability of ethnocentrists to dis-
tinguish between in and out-group partners as the main element that separates them 
from other types of agents, and shows that when a cost of cognition is associated 
with this ability, ethnocentrism is quickly replaced by humanitarianism (cooperate 
with everyone) as the most successful strategy.

This suggests that in-group favoritism is best sustained on identity dimensions on 
which a clear distinction between different categories can be easily made. In fact, 
one of the main theses of the social identity theory is that in-group favoritism and 
out-group discrimination can be based on the existence of a shared trait, but only if 
the trait in question is salient enough in the population [54]. Traits that are not sali-
ent tend to be ignored and will not lead to ethnocentrist behaviors. Turner et al. [53] 
show that increasing the salience of either an induced or preexisting group member-
ship increases in-group favoritism.

A common characteristic of the studies of identity and inter-group relations dis-
cussed so far is the presence of a single activated group identity for each individual 
at a certain point in time. Most of the studies on social identity in the psychology 
literature are also focusing on a single identity dimension, such as race, ethnicity, 
class, gender, age, or sexual orientation [28]. When the analysis is extended to two 
dimensions, one of which is seen as subordinated with respect to the other, the atten-
tion is restricted to the individual-level inner conflict between these two dimensions. 
Examples include studies of the relation between gender and either class [4] or race 
[39].1 However, theories of political competition often assume the existence of mul-
tiple identity dimensions along which electorates are divided and political parties 
compete. These theories are supported by empirical evidence on the positions of 
voters and parties [5]. The next section discusses the role of multiple identities in the 
political science literature.

1 See Howard, 2000, for a review of the social psychology literature on identity.
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Multiple identity dimensions and political cleavages

Political and social cleavages can be broadly understood as divides between groups 
in society. For example, an ethnic cleavage—a division between groups with differ-
ent ethnic backgrounds—could exist in a multiethnic society, or a religious cleavage 
could exist in a society in which there are multiple religious groups. Depending on 
their structure and the extent to which they are relevant (or salient) at the societal 
level, these divisions can have different political and social consequence, can affect 
the patterns of inter-group interaction and cooperation, and can, in some cases, lead 
to inter-group conflict.

The term “political cleavage” was coined by Lipset and Rokkan [32], who linked 
the structure of the party system and the dimensions of political competition that 
existed in Europe at the time of their writing to the traditional social group divisions 
which were salient at the beginning of the twentieth century when the European 
party system was being formed. Social cleavages are based on easily distinguishable 
social divisions into groups that have a sense of collective identity. The main char-
acteristic that distinguishes political cleavages from other forms of social divisions 
is the fact that they become institutionalized through the party system. This gives 
them a high degree of resilience to change. The four primordial political cleavages 
identified by Lipset and Rokkan [32] were center-periphery, church-state, agricul-
tural-industrial, and the class cleavage. Although this classification is outdated, new, 
similar divisions have replaced the old ones [2, 30].

When a group that forms a distinctive category on one of these relevant dimen-
sions is equally divided between the multiple categories of another dimension, the 
cleavages are cross-cutting. The opposite situation is the one in which there is a per-
fect overlap between the categories of one divide and those of the other (reinforcing 
cleavages). However, there is an ongoing debate about the correct way of measuring 
cross-cuttingness. Rae and Taylor [38] propose an index that measures the degree 
to which two dimensions cross-cut each other, and define it as: “the extent to which 
individuals who are in the same group on one cleavage are in different groups on 
the other cleavage”, or, more specifically, the proportion of pairs of individuals 
whose members are in the same group on one dimension and in another group on 
the other. Lijphart [33] classifies different cleavage structures based on the angle of 
intersection of different cleavages. In a recent review of the issue, Selway [43] draws 
a clear distinction between subgroup fractionalization (defined in a classical man-
ner through the Herfindahl index), cross-cuttingness (which he defines as statistical 
independence), and what he calls cross-fractionalization (which is Rae and Taylor’s 
measure).

Regardless of the exact definition, the distinction between cross-cutting and 
reinforcing cleavages has been used to explain a multitude of observed differences 
in political outcomes between countries. The main link to be explored was that 
between the likelihood of having a stable democracy and the existence of cross-cut-
ting political affiliations. The theory is that the importance of each identity dimen-
sion is reduced in the presence of cross-cutting ties, which makes conflict less likely 
and increases the chances for inter-group cooperation [6, 7]. This is an idea that has 
been present in the political science literature for a long time [15, 16, 40, 45]. If one 
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of the identity dimensions has multiple sub-divisions, the nature of these sub-divi-
sions affects political stability in a similar fashion [9]. Gubler and Selway [25] show 
that civil war onset is 12 times less probable in societies where ethnicity is cross-cut 
by other cleavages. Conversely, overlapping cleavages have been generally viewed 
as a source of conflict [16, 32].

Empirical studies support the idea that the structure of social and political divi-
sions can alter the patterns of inter-group interactions. Dunning and Harrison [18] 
show that cross-cutting ties stemming from the informal institution of cousinage 
reduce the political importance of the ethnic dimension in Mali, thus prevent-
ing conflict on ethnic lines. At a micro-level, psychologists discovered that adding 
a second dimension—common values—to a predefined group division affects the 
behavior of individuals towards members of other groups. Specifically, individuals 
belonging to a predefined group which is divided on the ideological value dimen-
sion discriminate less towards members of other groups [53]. If, however, there is 
a strong overlap between the values of the individuals and group membership, out-
group discrimination is higher. At the same time, political economists have started 
focusing on the economic effects of social cleavages. Yang [57] and Snowberg [46] 
tested similar models of cross-cutting cleavages in the context of American politics, 
by focusing on the impact of the relation between race and income on redistributive 
policy. They find that at the local level, a looser overlap between race and income 
has a positive impact on people’s preferences for government spending and redistri-
bution as well as the actual policies that are implemented.

Identity salience and cooperation

The defining characteristic of social cleavages is that they are rooted in sociological 
divisions based on attributes that are hard to change. Chandra and Boulet [12] define 
such at- tributes as “ethnic”, while Chandra [10] calls them “sticky”. The divisions 
that result from such attributes tend to persist for a long time, and, from a construc-
tivist perspective, tend to influence the choice of individuals to identify with one 
social group or another [42]. Political psychologists make the distinction between 
salient and non-salient identity attributes, where salience is defined as the likelihood 
that an identity will be invoked in certain situations [27]. Political scientists, on the 
other hand, tend to define salience as the likelihood that a certain identity will influ-
ence individuals’ behavior and have consequences for political conflict.

Following Tajfel’s [51] theory, Ting-Toomey et al. [52] as well as Espinoza and 
Garza [20] define salience as the extent to which individuals hold a certain attrib-
ute of their identity to be of importance and show that, in laboratory experiments 
which involve interactions between different ethnic and cultural groups, the patterns 
of cooperation and conflict are greatly influenced by the extent to which the sali-
ence of their ethnic and cultural identity is emphasized. A simple way of increasing 
the salience of an identity attribute is by manipulating the number of members of 
the interacting groups. Subjects that are in minority tend to be more aware of their 
identity and their minority status. Gaertner et al. [22] show that inter-group bias can 
be reduced by reducing the salience of the identity division, which, in turn, can be 
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achieved through inter-group interaction and cooperative interdependence. Their 
experiments were based on asking members of different groups to cooperate to solve 
a task and measuring their bias towards members of the other group afterward. Situ-
ations that involved competition between the groups increase the salience of their 
identities and, as a consequence, increased inter-group bias.

Whether or not different categories of an identity dimension are salient also 
depends on the social context. Posner [36] shows that a division between two ethnic 
groups which is salient in Malawi has political consequences that are not present in 
Zambia, where the same division is not salient. In Malawi, the two ethnic groups 
form a large share of the country’s population, and political competition becomes 
structured along the lines of this salient ethnic division. In contrast, in Zambia, 
where both groups are small and the division between them is not salient, political 
competition is not structured along the lines of this ethnic division.

Expectations

Previous agent-based models of identity show that within-group cooperation can 
emerge as a strategy that is successful from an evolutionary perspective. The theo-
ries and empirical findings discussed above suggest that in the presence of multi-
ple identity dimensions, the patterns of individual interaction and cooperation will 
change. The theory of social cleavages makes predictions about the increased likeli-
hood of cooperation across groups that are divided on more than one identity dimen-
sion. When social cleavages are cross-cutting, cooperation is expected to take place 
not only within groups of identical individuals, but also across groups, between indi-
viduals that share at least a common identity trait.

Increasing the salience or importance of one social characteristic relative to 
another makes individuals more aware of the in-group/out-group distinction on the 
more salient dimension and should, therefore, increase out-group bias on this dimen-
sion. Reducing the salience of an identity dimension, on the other hand, should 
increase the likelihood of cooperation across groups and reduce out-group bias.

The next section shows that these predictions, derived from theories of social 
identity as well as empirical observation, also emerge from a simple agent-based 
model of interaction that makes very few assumptions about individual preferences 
and abilities.

Model description

General setup

The model is a modified version of the Axelrod and Hammond [1] and Hammond 
and Axelrod [26] model of ethnocentrism, in which there was a single identity 
dimension. The interesting thing to notice is that a perfectly overlapping (or rein-
forcing) political cleavage is in fact equivalent to having a single identity dimension. 
As a consequence, from the perspective of social cleavages theory, Hammond and 



56 Journal of Computational Social Science (2021) 4:49–75

1 3

Axelrod’s model can be seen as a model of perfectly overlapping cleavages. In con-
trast, the model I develop is a model of perfectly cross-cutting cleavages. Together, 
these two models provide an agent-based framework for the theory of political 
cleavages. The extent to which the two dimensions in the model below are cross-
cutting is perfect. In Selway’s [43] framework, cross-cuttingness is 1, meaning that 
the knowing the category an individual belongs to one dimension does not tell us 
anything about the individual’s position on the other dimension. The two dimen-
sions are independent, and there is a strong tendency for them to remain this way 
after multiple repeated interactions, when even though the social structure takes a 
certain shape and some individual strategies outperform others, all the categories on 
both dimensions are still represented and individuals display a variety of combina-
tions of characteristics.

The model is built in NetLogo, a multi-agent modeling software, and, as already 
mentioned, it is a modified version of the original model of Axelrod and Hammond 
[1] and Hammond and Axelrod [26] and the NetLogo version of Wilensky [55, 56]. 
The space is a toroidal2 square lattice of 50 × 50 cells in which each cell can contain 
a single agent. Two versions of the world setup have been used. In the first one, we 
start with an empty world in which agents immigrate at a certain rate, while in the 
second one, we start with a world full of randomly distributed agents. The results are 
very similar for these two initial setups, so I will report results based on the second 
one.

Each agent has six traits:

• One of four colors (red, blue, green, and yellow).
• One of four shapes (spade, heart, diamond, and club).
• A strategy (defect or cooperate) for interacting with someone of the same color 

and same shape.
• A strategy (defect or cooperate) for interacting with someone of a different color 

but same shape.
• A strategy (defect or cooperate) for interacting with someone of the same color 

but a different shape.
• A strategy (defect or cooperate) for interacting with someone of a different color 

and a different shape.

Immigrant agents receive a random combination of these traits, while an off-
spring of an existent agent takes the traits of its parent, with a small chance of muta-
tion for each trait. The standard case will be that of a rate of immigration of one 
agent per unit of time and a mutation rate of 0.5% per trait. Agents start with an 
equal potential to reproduce (PTR), set to 12%. This value changes based on payoffs 
received by the agents in the prisoner’s dilemma interactions which they have with 
their neighbor (see the example below). The cost of cooperating with another agent 
is 1% point and the benefit of receiving help when the other cooperates is 3% points. 
The resulting prisoner’s dilemma game for these values is presented in Table 1.

2 The edges wrap around such that all agents have exactly four adjacent neighbors.
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For example, cooperating reduces the PTR of an agent from an initial value of 
12–11%. Receiving help when the other cooperates increases the PTR of an agent 
from an initial 12–15%. If both agents cooperate in the one-on-one interaction, 
assuming that both start with a PTR of 12%, each ends up with a PTR of 14%. The 
death rate is also equal for all agents, 10%. These parameters were set to the values 
used by Axelrod and Hammond [1] and Hammond and Axelrod [26] in their simula-
tion to keep the results of their model as a benchmark for comparison.

In the original model, since there was a single identity dimension, agents had two 
possible strategy traits: one for interacting with someone of the same color and one 
for meeting someone of a different color. This resulted in four possible combinations 
of strategies, that defined four genotypes (cosmopolitan—cooperate with everyone; 
ethnocentrist—cooperate if same color, defect if not; traitor—defect if same color, 
cooperate if not; and selfish, or defector—defect with everyone). With two dimen-
sions and four strategy traits for each individual, the set of possible combinations of 
strategies based on both shape and color increases to 16. The resulting 16 genotypes 
and their behavior are presented in Table 2.

At each time period, the following sequence of stages takes place:

a) First, if there are empty cells in the world, immigrants randomly occupy them at 
a certain immigration rate.

b) The PTR of each agent is set to the value of the initial PTR. Agents interact 
with their four von Neumann (immediately adjacent) neighbors in a one-move 
prisoner’s dilemma in which they decide to cooperate or defect based on their 
predefined strategies, the color and shape of the other, and the value of a Salience 
parameter. As a result of these four one-on-one interactions, each agent’s PTR is 
updated, as described above.

c) Agents have a chance to reproduce which is equal to their updated PTR. Repro-
duction is asexual and local, meaning that each agent can produce an offspring 
that shares its features (with a certain chance of mutation) and that the offspring 
is placed in an empty cell around its parent, if there is one.3 The order in which 
agents are given the chance to reproduce is random.

d) Each agent has a chance of dying equal to the death rate.

Table 1  Prisoner’s dilemma 
game played by the agents

Agent 1

Cooperate Defect

Agent 2 Cooperate 2, 2 − 1, 3
Defect 3, − 1 0, 0

3 There is no reproduction if all the cells around an agent are occupied. However, the bias that will likely 
result from this does not run against the results presented. The most successful strategies achieve this 
status fairly quickly, and the agents playing these strategies tend to form compact clusters that are able to 
resist invasions even though the individuals in the middle are not able to reproduce.
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Making shape more salient than color

A number of new parameters have been added to the original model. The first and 
most important one is salience. Salience is defined as importance of one dimension, 
relative to the other one.

I will capture the notion of identity salience by assuming that the probability of 
playing a predefined strategy is higher based on shape than based on color. Specifi-
cally, I define p as the probability of playing one’s predefined strategy with respect 
to the shape of the other, and fix it to p = 1. This means that agents will always play 
their predefined strategy based on the shape of the other. Conversely, I define q as 
the probability of playing one’s predefined strategy with respect to the color of the 
other, and let it take several values in the [0.5, 1] interval. When q = 1, always play 
their predefined strategy with respect to both color and shape. However, when p = 1 
and q = 0.8, an agent will always play her predefined strategy with respect to the 
shape of the other, but will only play the predefined strategy with respect to color 
80% of the time. The relative salience parameter is the difference between p and q. 
(see Table 3).

For example, take the case of an agent who cooperates when meeting the other 
agents with at least one of same color or same shape, and only defects if the other 
person shares none of them—a Tolerant (presented in Table 4. Also assume that 
the Tolerant meets an individual of the same color but a different shape. If the two 

Table 3  Values for the salience parameter

Probability of playing predefined strat-
egy with respect to shape

Probability of playing predefined strat-
egy with respect to color

Extra salience of 
the shape dimen-
sion

1 1 0
1 0.9 0.1
1 0.8 0.2
1 0.7 0.3
1 0.6 0.4
1 0.5 0.5

Table 4  Behavior of a tolerant when salience = 0.5

Real interaction Tolerant’s strategy Interaction, as perceived by 
the agent with a probability 
rate of 0.5

Tolerant’s strategy 
in the perceived 
interaction

Same color, same shape Cooperate Different color, same shape Cooperate
Same color, different shape Cooperate Different color, different 

shape
Defect

Different color, same shape Cooperate Same color, same shape Cooperate
Different color, different 

shape
Defect Same color, different shape Cooperate
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dimensions were equally salient, the agent would know that the other person has 
the same color but a different shape, and since only one of these traits is needed 
for a Tolerant to cooperate, he would have a 100% chance of cooperating. How-
ever, if we let Salience = 0.5, this means that the agent has a 50% chance of play-
ing the opposite strategy with respect to color, while still playing her predefined 
strategy with respect to shape. In this particular situation, upon meeting someone 
of the same color and a different shape, the agent will have a 50% chance of act-
ing as if he was, in fact, interacting with someone of a different color and a dif-
ferent shape. Since a tolerant is defecting with those that do not share any of his 
identities, this translates into a 50% chance of defecting instead of cooperating 
(which is what he would have done if the salience were 0).

The salience parameter is always less than or equal to 0.5, since q ∈ [0.5, 1]. 
Values of q < 0.5 would simply flip the strategies from defection to cooperation 
and the other way around on the color dimension while keeping them fixed on 
the shape dimension. The result would be a mirror image of the world in which 
q > 0.5. For example, q = 0 would make one always act as if the color of the other 
was not the same as their own when in reality it is the same, and act as if the color 
of the other is the same as their own when in reality it is different. This equivalent 
to the situation in which q = 1, but now, a color-driven agent acts like a color trai-
tor, a color traitor becomes a color-driven agent, and so on. Only the names of the 
strategies need to be changes, but the model is, in fact, exactly the same as the 
one in which q = 1.

Operationalizing salience (or relevance) through the extent to which individu-
als both perceive and, most importantly, act based on the identity characteristics 
of others is rooted in Lipset and Rokkan’s [32] framework in which social cleav-
ages are formed on easily distinguishable social divisions into groups, which 
are then institutionalized through the party system. Identity dimensions which 
have historically and in multiple contexts been identified as most salient are the 
ones on which it is easy to perceive differences between members of different 
groups, such as race, ethnicity, and, to some extent, religion. Salience is, there-
fore, closely linked to perceptions and visibility. In this framework, q = 1 could be 
interpreted as a perfect ability of the agents to distinguish the color of those they 
interact with and infer if it is the same as their own or not. The difference p − q 
would then be the probability that agents will make a mistake about the color of 
the others.

However, in our model, salience captures more than misperceptions or indeter-
minacy (the inability to determine the identity of the other)—it captures changes 
in agent actions. Characteristics may be visible, but individuals may choose not 
to act based on them. Only when the underlying identity dimension is salient will 
agents choose to act according to it, and in the model, the action is playing a pre-
defined strategy which is based on the other’s color with a certain probability.
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Experimental design

The parameters that were manipulated in the experiments, as well as their values are 
presented in Table 5. I use grid-sweeping to vary the parameters [31], since their 
number is not very large and there are naturally arising values for the main param-
eter of interest (the relative salience of shape is easy to understand as twice as sali-
ent, equally salient or 20% more salient). For the other parameters, the purpose was 
to keep as close as possible to the original configuration of Hammond and Axelrod 
[26], so we can have a benchmark for comparison.

Since the processes are stochastic processes for which a time average does not 
provide a representative estimate of variable means, burn-in was established by 
examining the plots of successful strategies [31]. The process appeared to have 
entered steady state after 2000 iterations. I, therefore, ran 50 repetitions of 54 model 
runs corresponding to the combinations of parameters presented in Tables 5 and 6 
values for the salience parameter × 3 values for the rate of immigration × 3 values for 
the rate of mutation × 1 for each of the other parameters—each with 2000 iterations. 
The variables of interest were recorded at the last iteration. The quantities of interest 
were computed as ensemble averages. They include: the total number of agents in 
the world, the number of interactions between different types of agents, the number 
of cooperative and defective interactions, and the number of agents playing each of 
the 16 combinations of strategies (genotypes). The standard configuration is similar 
to the one of Hammond and Axelrod [26], in which there is 1 immigrant per model 
run and the mutation rate is 0.5% per trait.

Table 5  Parameter space Parameter Values

Salience 0, 0.1, 0.2, 0.3, 0.4, 0.5
Immigration 1, 5, 10
Mutation 0, 0.005, 0.01
Initial PTR 0.12
Cost of giving 0.01
Gain of receiving 0.03
Death rate 0.1

Table 6  Spatial correlation with 
equal and different salience. 
Moran’s I

* p values < 0.01 for all coefficients

Dimension Category 1 Category 2 Category 3 Category 4

Equal salience
 Color 0.12 0.10 0.13 0.13
 Shape 0.16 0.13 0.07 0.15

Shape more salient
 Color 0.11 0.05 0.12 0.07
 Shape 0.21 0.15 0.22 0.08



63

1 3

Journal of Computational Social Science (2021) 4:49–75 

Results

Equally salient, cross‑cutting identities

This sub-section presents the results of simulations in which the salience param-
eter is fixed at 0, meaning that both identity dimensions are equally salient. The 
main question is which of the 16 strategies for interacting with other agents 
proves to be the most successful in a world where there are two cross-cutting 
identity dimensions. Figure  1 presents the results for the case in which all the 
parameters are set at the standard level and the salience is 0. In Hammond and 
Axelrod’s model, ethnocentrism was defined as cooperating with agents of the 
same color and defecting with agents of different colors and it was the strategy 
that ended up dominating almost 75% of the world. Given the wider variety of 
strategies, here, I redefine Ethnocentrism as the strategy of cooperating only with 
agents of the same color and shape while defecting with all other types of agents. 
For example, a Red Heart will only cooperate with other Red Hearts and will 
defect with everyone else. This strategy is still the most successful from an evolu-
tionary perspective, but its success rate is greatly reduced in the presence of two 
identity dimensions. Less than a third of the agents in the world are ethnocentrists 

Fig. 1  Strategy performance with two identity dimensions
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after 2000 model steps, 19.5% of them are color-driven (cooperate only if they 
meet someone of the same color) and 19% are shape-driven (cooperate only if 
they meet someone of the same shape). A t test fails to reject the null that these 
last two values are equal with 99% confidence.

Moreover, although the difference between the number of ethnocentrists and the 
number of either shape-driven or color-driven agents is statistically significant, there 
are worlds in which these two strategies manage to overcome the domination of 
ethnocentrism. The success of color-driven and shape-driven agents is equal, and 
the difference between them is not statistically significant. This shows that in the 
presence of two cross-cutting identity dimensions, individuals that do well are those 
who cooperate not only with the small group of people who are exactly like them, 
but also with individuals that share at least one of their traits, without necessarily 
sharing the other one. From a substantive perspective, this could explain alliances 
between members of different income groups that have the same ideological prefer-
ences. A rich conservative will cooperate not only with other rich conservatives, but 
also with poor conservatives.

An interesting finding is the success of CDDC agents (who defect with someone 
of the same shape but not the same color, as well as someone of the same color but 
not the same shape, but cooperate with both those exactly like them and those that 
have nothing in common with them). Their performance might be a consequence of 
their ability to free ride on two of the most highly achieving strategies: color-driven 
and shape-driven.4 Another interesting result is the performance of tolerants—
agents who only defect with those of a different color and a different shape—who 
are the fifth most successful group, with a mean of 9% of the population. Going 
back to our political economy example, being a tolerant-rich conservative implies a 
favorable attitude towards other rich people as well as other conservatives, but dis-
crimination towards poor liberals. The element that unites the top most successful 
strategies is the fact that they all discriminate against individuals who are dissimilar 
on both identity dimensions.

The fact that the patterns of cooperation are different in a world where there are 
two cross-cutting identity dimensions does not necessarily mean that the level of 
overall cooperation in the world will be higher. This result is illustrated in Fig. 2. 
Overall cooperation is 73.8%, close to the level of overall cooperation reported by 
Axelrod and Hammond [1] and Hammond and Axelrod [26] for the same combi-
nation of parameters but with a single identity dimension. Most of the coopera-
tive interactions take place between agents that share a similar color and a similar 
shape. This is explained by the social landscape that forms as a consequence of local 
interaction and local reproduction. Agents tend to form clusters of the same color, 
same shape, and same strategy (see Fig. 6). However, with greater diversity comes 
greater potential for defection, which occurs not only at the border between clusters, 

4 The baseline percentage driven by the invasion rate, but taking death rate into consideration is 0.66%. 
Without any interactions but in the presence of migration and mutation there are on average 10 agents in 
the world at all times. However, migration has a stronger impact in the presence of interactions and in a 
world dominated by cooperation, since the new agents have the chance to increase their PTR.
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but also within them, through immigration and mutation. This greater potential for 
defection would, for instance, be reduced in the case of a null mutation rate, when 
overall cooperation becomes 83% (see Appendix Fig. 7b).

Low rates of both immigration and mutation favor pure ethnocentrism at the 
expense of the other, more inclusive strategies.5 Color-driven and shape-driven 
agents perform best at average rates of mutation and relatively low immigration. 
However, the ranking of the most successful strategies is maintained even at high 
levels of both mutation and immigration. Tolerants are more affected by changes 
in the rate of mutation than by increased immigration. This result seems to be 
driven by the tendency of immigrants to occupy the free cells at the border between 
two clusters of similar individuals, combined with the greater resilience of toler-
ants to exploitation at the border than to exploitation from within the group, which 
matches the previous findings by Shultz et  al. [44] with respect to the success of 

Fig. 2  Overall cooperation (blue) and defection (red) with two identity dimensions

5 Figure 7 in the appendix presents the same results as Figs. 1 and 2 but for different combinations of the 
migration and mutation parameters.
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Ethnocentrists in the basic model. Sub-figure b confirms the results of Hammond 
and Axelrod [26], this time for the two-dimensional case: overall cooperation is neg-
atively affected by increases in mutation and greater immigration. Again, the social 
landscape helps to explain why this might be the case. As mentioned before, most 
of the cooperation takes place in clusters of similar agents. The chances of these 
clusters being weakened from within increase with mutation, while a high number 
of immigrants affect the clusters at the border. The combination of these two factors 
has a strong detrimental impact on overall cooperation which only takes place in 
60% of the interactions when mutation has a 1% chance of occurring and 10 immi-
grants enter the world at each unit of time.

Increasing the salience of shape

The previous section has focused on the case of equally important identity dimen-
sions. A more realistic setting is one in which the two identity dimensions have 
different weights. The importance of one identity dimension versus another can 
increase or decrease depending on the social and political context or of the moment. 

Fig. 3  Strategy performance when shape is more salient than color
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For example, an ethnic clash in a neighboring country could increase the salience 
of the ethnic cleavage at home, while the importance of other identity dimensions 
remains unchanged or decreases. This section presents the effects of such a change 
in the relative salience of the two identity dimensions. Figure 3 presents the perfor-
mance of each strategy when the salience of Shape, relative to color is at its maxi-
mum. In this situation, agents are always perfectly capable of observing the shape of 
the others, but will be wrong about the color 50% of the time.

By far, the most successful strategy is to cooperate as long as the others have the 
same shape as you but defect if they do not. In the standard case, when immigra-
tion is 1 and mutation 0.5%, at the end of 2000 interaction cycles, almost half of 
the individuals are shape-driven. This shows that if an identity dimension is much 
more salient than the others, individuals who base their decisions on group mem-
bership along that dimension perform best. The second most successful strategy, at 
a large distance though, is tolerance, with an average of 14.6%, and the third one, 
with 13.2% of the overall population, is the strategy of cooperating with everyone 
but those of the same color but not the same shape (CDCC). The success of these 
two strategies is based on the fact that the first one is rewarding agents that have the 
same shape, while the second one is punishing those that despite having the same 
shape do not have the same color. Together, they make good partners for shape-
driven agents. Surprisingly, Ethnocentrists perform very badly in such a setup. Only 
5.5% of the individuals are playing this strategy. The explanation for this is sim-
ple: individuals’ behavior when interacting with others on the non-salient dimen-
sion becomes irrelevant. Such interactions do take place (the proportion of different 
combinations of colors and shapes in the population does not change and all colors 
and shapes are still present), but they are not relevant for the success of an agent. It 
is the behavior on the relevant identity dimension that matters. This result is impor-
tant from a substantive perspective, since it suggests that group divisions which 
are more visible will tend to dictate the patterns of social interaction and political 
competition.

The results above reflect the extreme situation in which the relative salience of 
shape is at its maximum. However, similar conclusions can be drawn for lower val-
ues of the difference between the importance of the two identity dimensions. Fig-
ure 4 presents the performance of each strategy as salience increases from zero to 
maximum. The patterns that can be easily observed are: an increased success of 
shape-driven agents as well as agents that only defect with those of the same color 
but not the same shape, combined with a decrease in the success of ethnocentrists 
and color-driven agents. There is, however, no clear trend in the evolution of toler-
ants as salience increases. Their numbers increase and decrease, and most differ-
ences between the mean at one value of salience and the mean at another value are 
not statistically significant.

We would expect the level of overall cooperation to decrease if one dimension 
becomes more salient than the other, compared to the situation in which the two 
identity dimensions were equally salient. Cooperation does seem to go down as 
the salience of Color decreases, but not by much. Compared to the equally salient 
identity dimension situation presented in the previous section, the drop in overall 
cooperation is of 3.2% points. As expected, the difference comes from a decrease 
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in cooperation between agents that are similar on both dimensions, which cannot be 
compensated by the increase in cooperation between agents that have only shape, 
but not color in common Fig. 5.

As the number of immigrants increases, the success of shape-driven agents 
decreases. The same thing happens as the mutation rate increases, and the effects 
are even more pronounced in this situation. The success of shape-driven individuals 
is maximal when mutation is zero and immigration is at its minimum. 84% of the 
agents in the world will be cooperating with those of the same shape and defecting 
with those of different shape in this situation.

The social landscape

As already mentioned, local interaction and local reproduction favor the formation 
of clusters of agents of the same shape and color and who are playing a similar strat-
egy. However, the position of these clusters relative to one another varies from one 
model specification to another. In a model in which color is the only identity dimen-
sion, clusters of different colors will be randomly distributed in the space. Adding 

Fig. 4  Strategy performance as salience increases



69

1 3

Journal of Computational Social Science (2021) 4:49–75 

Fig. 5  Cooperation when shape becomes more salient than color

Fig. 6  Sample landscapes of two identity dimensions
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a second dimension, shape, changes this random distribution. With two, equally 
important identity dimensions, clusters of agents that share the same color but not 
the same shape, most of which will be color-driven, will join together and form long 
regions in which all agents have the same color. At the same time, clusters of agents 
that have the same shape but not the same color, most of which will be shape-driven, 
will join together and form long regions in which all agents have the same shape. 
These two types of long regions will intersect. The intersection spot for two regions 
will be a cluster of perfectly identical individuals.

Figure 6a presents an example of a world in which shape and color are equally 
important. The vertical rectangle contains agents of the same color, most of which 
are either ethnocentrists or color-driven. Since the space is a torus, the triangle 
continues from the lower right corner to the lower left corner. At the same time, 
the larger horizontal rectangle that intersects it contains agents of the same shape 
(spade), most of which are either ethnocentrists or shape-driven. Cooperation occurs 
along both of these identity regions, and also across them. In contrast, part b of the 
same figure shows a world in which the relative salience of shape is maximal. Larger 
regions of the same shape and various colors form here as well, but they are not 
intersected by other regions in which a certain color dominates, like in the previous 
case.

To formally test this observed regularity, I conducted 10 repetitions with equal 
salience and 10 in which shape was twice as salient as color, and used Moran’s I 
index [14] to make inferences about the spatial distribution of clusters of identical 
agents on both dimensions. Moran’s index measures the degree to which spatial 
observations are correlated, and is a measure of the difference between the values of 
neighboring observations, weighted by the distance between them.

It ranges between − 1 and 1, with 1 corresponding to perfect positive spatial cor-
relation, in which similar values are spatially clustered, 0 to no correlation and − 1 
to perfect negative spatial correlation. Chen and Gettis [13] Moran’s I is usually 
used with continuous variables, and in our case, both color and shape are nominal 
variables, but since we are interested in the different clustering patterns between the 
equal-salience model specification and the double shape salience specification, we 
can create dummy variables for each of the categories of shape (spades, diamonds, 
hearts, and clubs) and color (red, yellow, green, and blue), compute Moran’s index 
for each of them, and compare the results. Graphic inspection of the model evolution 
seems to suggest a high level of correlation for both shape and color subcategories 
in the equal-salience case, and a somewhat lower level of correlation on the color 
dimension in case the salience of shape is higher.

Table 6 presents the value of Moran’s I for each of the four categories of the two 
dimensions independent of each other and averaged over each set of ten iterations. 
Categories 1–4 correspond to the four possible colors of the agents for the color 
dimension (red, yellow, green, blue), and the four possible shapes of the agents on 
the shape dimension (hearts, diamonds, clubs, and spades). The numbers show the 
degree to which agents that are similar on the specified characteristic (a certain color 
or a certain shape) are clustered together. As expected, the spatial correlations are on 
average higher on the shape dimension when shape is more salient than color, but 
the values are very close to each other when the two dimensions are equally salient.
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Robustness checks

Hammond and Axelrod’s results are sensitive to changes in the assumptions made 
about local interaction and reproduction [3, 29]. The same is valid for this model. 
Group tags maintain cooperation, but cooperation is contingent upon the proxim-
ity between parents and their children. However, assuming that agents interact more 
with their neighbors and offsprings reside close to their parents, the model passes 
other robustness tests. Doubling and halving the value of the standard parameters 
do not change the main results (see Figs. 7a, b, 8a, b, 9, and 10 in the Appendix). 
Color-driven and shape-driven agents are still among the top three strategies, close 
to ethnocentrism, and the most successful strategy when the salience of shape is at 
its maximum is still shape-driven. A similar conclusion was reached for varying the 
sizes of the groups to half and double the standard values (by changing the prob-
ability that an individual with a certain combination of shape and/or color is being 
born).

Another feature that was added to the model to test its robustness was a cluster 
variable that takes the value 0 if there are no initial clusters of similar agents and 
the value 1 if a quarter of the world is initially occupied by agents of the same color 
and the same shape. This allowed us to test whether spatial clustering affects the 
results and in what direction. Slightly modified versions of the model included one 
in which there were more groups on one of the dimensions than on the other and one 
in which the size of one of the groups, compared to the others was greatly increased. 
This initial territorial concentration disappeared quickly in interactions and had no 
effect on the final results. Similarly, there is no distinction between starting with a 
fully populated world and starting with an empty world or halving and doubling the 
cost of giving in the game. Despite all these changes, strategies that defect against 
dissimilar agents perform best, but taken together, the two strategies based on favor-
itism along identity lines perform better than pure ethnocentrism.

Conclusion

We can summarize the most important results by comparing them to the original 
model of Hammond and Axelrod [26]. The overall success of color-driven and 
shape-driven agents which together perform better than Ethnocentrists shows that 
in the presence of two cross-cutting and equally salient identity dimensions, agents 
can do well not only by cooperating with the small group of others who are exactly 
like them, but also by cooperating with agents who share at least one of their traits, 
without necessarily sharing the other one. However, when the relative salience of 
Shape is at its maximum, agents who cooperate along the lines of the more salient 
dimension perform best, outperforming ethnocentrists, as well as all the other strate-
gies by a large margin.

Similarly to the original Axelrod and Hammond [1] and Hammond and Axel-
rod [26] model, the agent-based model presented here shows that even when group 
membership is assigned arbitrarily, individuals have very basic cognitive abilities 
and use very simple strategies for interacting with each other, favoring similar others 
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emerges as the most successful strategy, and the world ends up being populated pre-
dominantly by individuals who follow it. At the same time, in the presence of mul-
tiple identity dimensions, the most successful strategies match those predicted by 
social cleavages theory. In societies where social cleavages are reinforcing, coopera-
tion occurs overwhelmingly between members of the same group. However, soci-
eties characterized by cross-cutting cleavages achieve cooperation not only within 
groups of identical individuals, but also between groups of individuals who share 
one identity feature, but can differ on the other. This result is in accordance to the 
previous theoretical [21] and empirical studies [6] and [7], which show that peace-
ful and even cooperative relations between groups are common in contexts in which 
multiple political and social identities are present.

Situations in which multiple identity dimensions are equally salient in the real 
world are rare, and most of the time, one dimension is more important than others. 
The model shows that an identity dimension which has little visibility and small 
salience becomes irrelevant in inter-group interaction. Such an identity dimension 
is bound to have little political impact compared to other, more salient dimensions. 
Therefore, the most successful strategies in this situation are those based on coop-
eration with similar others along the lines of the more salient identity dimension.

The findings also provide a computational explanation for the ways in which 
political contexts characterized by marked increases in the salience of an identity 
dimension relative to others could lead to situations in which cooperation occurs 
only along the lines of the most salient dimension, at the cost of other forms of 
cooperation across less salient identity dimension. This results in an overall reduc-
tion in levels of cooperation across society and increases the likelihood of inter-
group conflict.

A fundamental assumption of the present model is that individuals participate in 
one-on-one, repeated but isolated encounters. However, according to social identity 
theory, group behavior and inter-group relations are not just the sum of interactions 
between separate group members. Taking this fact into account and relaxing the 
one-on-one interactions, assumption is beyond the scope of this paper but is a prom-
ising task for future research.
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