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ABSTRACT

Cooperation is a foundation of human societies. Nevertheless, ag-
gression and exploitation persist even in highly interconnected and
cooperative societies. This coexistence of cooperation and aggres-
sion is not captured by many models. In this work, we demonstrate
that cooperation and aggression can coexist when models consider
asymmetric power, interdependence, and evolving social structure.
Specifically, we examine the evolution of cooperation and the emer-
gence of aggression within the Junior High Game (JHG), a model of
society that embeds agents within a complex system that embodies
these attributes. We show that, within this model, the information
scope experienced by members of society shapes the emergence,
stability, and form of cooperation and aggression present in society.
Expanding the information scope stabilizes cooperation by enabling
reciprocity and coalition-like protection, but also enables new forms
of aggression that exploit network structure. In particular, within
this model, richer information can legitimize aggressive norms in
which individuals and groups systematically target weaker enti-
ties. These results suggest that increased social awareness does not
eliminate aggression, but transforms how it emerges and persists.
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1 INTRODUCTION

Cooperation is a defining feature of human societies [4, 30], en-
abling compromise, economic growth, collective action, and social
cohesion. Given this importance, extensive research has been de-
voted to understanding why and when people cooperate. Notably,
classical models-including public goods games, prisoner’s dilem-
mas, and extensions incorporating repetition, spatial structure, and
networked interaction (e.g., [1, 3, 5, 8, 18-23, 26—28])-have been
used to provide foundational insights into cooperation. Studies us-
ing these models often point to conditions under which society as
a whole converges to cooperative or non-cooperative behavior.
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And yet, aggression persists [6, 32] along-side cooperation. Ex-
ploitation, coercion, and opportunistic predation appear even in
highly interconnected, norm-governed societies. This coexistence
is not an anomaly, but a recurring pattern across social, economic,
and organizational systems. On the international stage, trade (co-
operation) among countries flourishes, but aggression, including
invasion of other countries, continues. Businesses engage in mutu-
ally advantageous collaborations, but sometimes weaponize litiga-
tion to intimidate, delay, or otherwise stymie competitors. Finally,
while individuals and groups often help each other, violent and
aggressive behavior still permeates societies to varying degrees.
These realities demonstrate that cooperation and aggression tend
to coexist—simple convergence to cooperative or non-cooperative
behavior as identified in many models is not the norm.

To more effectively understand the emergence of aggression
alongside the evolution of cooperation, models incorporating prop-
erties of complex societies [13, 15, 16] should be used. In complex
societies, global outcomes arise from local strategic choices, and
cannot be predicted from individual behavior alone [2, 16]. Local
actions cascade through networks, amplifying small incentives into
large-scale norms [7, 10, 17, 31]. These complexities are not well-
modeled in classical social dilemmas, which seemingly limits the
applicability of insights they provide in regards to the evolution of
cooperation. Thus, in this work, we re-examine the evolution of
cooperation within a more complex societal model.

2 A MODEL OF COMPLEX SOCIETIES

We examine the evolution of cooperation and aggression in the Ju-
nior High Game (JHG) [25], a strategic network game encoding key
properties of complex societies [9, 13-16]: asymmetric power, fi-
nite resources, interdependence, and evolving interaction networks.
Rather than binary cooperate-or-defect choices, agents in the JHG
allocate limited resources to individuals in society, choosing the
degree to which they cooperate with, attack, or ignore each member.
They also consider how much resources to expend on defending
themselves against possible attacks from others. Power asymmetry
and evolving interaction networks naturally arises from historical
play of the JHG, often leading to (potentially competing) coalitions
that persist, evolve, and dissolve over time.

Following Axelrod’s study of the evolution of cooperation in the
iterated prisoner’s dilemma [1], we analyze strategies in the JHG
with respect to evolutionary stability via replicator dynamics [12,
29]. That is, we enumerate strategies in the JHG, and then analyze
the ability of each strategy to both invade other strategies and to
avoid invasion. Specifically, we observe via replicator dynamics
the ability of a strategy, employed by a small number of agents, to
invade a society whose members employ an alternative strategy.


https://doi.org/10.65109/OUAB7380
https://doi.org/10.65109/OUAB7380
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.65109/OUAB7380

Extended Abstracts

Table 1: Summary of primary results.

Information Scope  Key Result

Societal Response
Direct Interaction
Indirect Interaction

The always-defend strategy (keep all tokens) dominates

Cooperative reciprocators thrive, but aggressive parasites persist
Cooperation is the norm, but limited strategic exploitation of weaker
individuals is often advantageous (depending on societal norms)

Table 2: Summary of considered strategies for allocating ex-
tra tokens in the direction-interaction scope.

Strategy Description

Randomly allocates extra tokens both positively and negatively

Randomly allocates extra tokens positively

Randomly allocates extra tokens negatively

Positively allocates extra tokens to random individuals with a preference
toward more influential players

Positively allocates extra tokens to random individuals with a preference
toward friends

Keeps all extra tokens tokens

Exploits others by randomly selecting a target and attacking it with all its
tokens until it is sufficiently weak

Cooperative
Aggressive

Preferential

Strengthening

Defensive

In these evaluations of evolutionary stability in the JHG, we
consider the role of information scope. Information scope defines
how much individuals can observe the behavior of other agents in
society as well as their ability to control who they interact with.
We examine agent strategies in three different information scopes:
(1) societal-response (agents react to aggregate outcomes, approxi-
mating public goods games [20]), (2) direct-interaction (agents track
bilateral histories, enabling reciprocity), and (3) indirect-interaction
(agents observe triadic structure, connecting to structural balance
theory [11] and indirect reciprocity [18]). Regardless of information
scope, agents still interact using the same underlying JHG dynamics,
but these different scopes alter agents’ abilities to directly interact
with others and observe their behaviors.

3 OVERVIEW OF RESULTS

A high-level summary of our results in each information scope is
summarized in Table 1. In the societal-response scope, an agent
can only observe and react to society’s aggregate behavior. Thus,
this scope has similarity to public good games. Unsurprisingly,
cooperation collapses under this scope. Mirroring free-riding in
public good games, the always-defend strategy, in which a player
keeps all of its tokens, is evolutionarily stable and invades all other
strategies we considered in this scope.

In the direct-interaction scope, agents track partner-specific his-
tories. This enables tit-for-tat-like reciprocity that has been shown
to be effective in iterated prisoners dilemmas [1]. In this scope,
agents can reward cooperation from others by reciprocating to-
kens, defend against attacks, and retaliate against aggressors on a
player-by-player basis. However, agents must allocate their finite
resources across all players, meaning strategies must define how
to allocate tokens given given excess or shortfalls. In addition to
variations on reciprocal strategies (Table 2), we also consider a Par-
asite strategy which, unlike the reciprocal strategies, dedicates all
tokens to opportunistic exploitation, attacking weak targets until
extraction becomes unprofitable, then shifting victims.

Figure 1a shows evolutionary stability among pairwise interac-
tions. Three strategies emerge as evolutionarily stable: Cooperative,
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Figure 1: Stability flow diagrams given direct-interaction
scope. (a) Evolutionary dynamics given pairwise compar-
isons. Directed edges represent successful invasions: an arrow
from node A to node B indicates that a small group of invaders
using strategy B can out-compete residents using strategy A.
(b-c) Evolutionary dynamics when beginning from a mixed
society with and without parasites.

Preferential, and Parasite. Cooperative and Preferential reciproca-
tors achieve the highest societal productivity, validating Axelrod’s
insight that reciprocity stabilizes cooperation. However, Parasites
are not eliminated. This strategy stabilizes at 30-40% of the pop-
ulation, creating a stable polymorphism where cooperation and
exploitation coexist indefinitely. Figure 1b-c shows that mixed soci-
eties without parasites evolve toward cooperative equilibria, while
those including parasites sustain diverse strategies in stable coexis-
tence.

In the indirect-interaction scope, agents can observe interac-
tions between other players, thus allowing for indirect reciprocity
and other strategies related to structural balance. Here, societies
achieve high productivity through cooperation and norm consol-
idation, yet outcomes depend critically on initial conditions and
exhibit pressure toward norm adoption. Interestingly, under cer-
tain initial conditions (norms), limited strategic exploitation of
weaker individuals is often advantageous. Hence, societies tend
to converge to somewhat cooperative strategies with occasional
exploitation, a phenomena that reflects human behavior in the
JHG [24]. Notably, exploiter-dominated societies often achieve the
highest productivity, revealing a tension between collective welfare
and the persistence of norm-enabled aggression.

4 CONCLUSION

Using the JHG, we demonstrate that Axelrod’s insights regarding
the evolution of cooperation generalize to more complex societies,
but with critical qualifications. At societal-response scope, cooper-
ation is fragile (free-riding dominates). At direct-interaction scope,
reciprocity stabilizes cooperation, but coexists with stable aggres-
sive (highly non-cooperative) strategies. At indirect-interaction
scope, societies exhibit norm consolidation, with exploiter strategies
often prevailing despite, or because of, their coordination through
majority pressure. These results suggest that increased social aware-
ness does not eliminate aggression, but transforms how it emerges
and persists in otherwise cooperative societies.
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