
S. Lozano Iglesias 1 & M. Ruiz García 1,2

1Departamento de Estructura  de la Materia, Física  Térmica  y Electrónica , Universidad Complutense de Madrid, 28040, Madrid, Spain
2Grupo Interdisciplinar  de Sistemas Complejos , Complutense University of Madrid, 28040, Madrid, Spain

Emergent Collective Dynamics: 
How Individual Attitudes Shape Social Behaviour

Samuel Lozano Iglesias

samuel.lozano@ucm.es

+34 661 061 011

Introduction

[1] Sutton, R. S. and Barto, A. G. Reinforcement Learning: An Introduction . 2nd ed. The MIT Press, 2018.

[4] Strittmatter, Y. and Lozano, S. SpoiledBroth : A multi -agent cooking environment for collective dynamics , 2025. https://github.com/younesStrittmatter/cooked.

[5] Lozano, S. CoopCoins : A multi -agent environment for studying collective behavior. 2024. https://github.com/samuellozanoiglesias/CoopCoins.

References Contact

CoopCoins  and SpoiledBroth

An instantaneous game where two players (red and 
blue) collect color-coded coins. Collecting  one’s 
own coin gives +1,  collecting  the other’s coin 
penalizes the rival by −2.

A sequential game where two players deliver 
salads. Delivering  a salad with one’s own 
ingredient gives +1, while delivering the other’s 
ingredient penalizes the rival by −2.

Collective intelligence emerges in multi -agent systems, where autonomous agents in Multi -Agent Reinforcement Learning (MARL) balance cooperation 
and competition to optimize individual outcomes within environments shaped by social influence and resource interdependence.

Modelling Individual Attitudes

Individual  implemented by adjusting  agent 𝑖  rewards with 
predefined parameters 𝛼𝑖 and 𝛽𝑖 , which control the agent’s  
predisposition toward self-interest and rivalry.

Social influence of and on the different attitudes

Social influence in CoopCoins

Social influence in SpoiledBroth

Fig 1. Payoff matrix defining the strategic basis of the environments, where a 
player select a resource to exploit, resulting in reward pairs ( 𝑟𝑜𝑤𝑛, 𝑟𝑜𝑡ℎ𝑒𝑟) .
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Strategic  interactions  are defined by a game-theoretic framework and a payoff matrix  (see figure on 
the right) . We study  agent  attitudes  — cooperative,  competitive,  and individualistic —  by 
parameterizing  intrinsic  rewards. We measure social  influence , i.e. how a partner’s behaviour shapes 
an agent’s  strategy ; and the coherence  between an agent's  predefined attitude (intent)  and its 
emergent behaviour (action) .

Fig 2. Cooperation and competition are studied across two environments: CoopCoins  (left) represents instantaneous, purely 
economic competition; SpoiledBroth  (right) represents sequential tasks with cooperative interdependence.
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Restriction:

Fig 3. The agents' intrinsic reward functions are modified by the parameters 
𝛼 and 𝛽, establishing a spectrum of predefined behavioural attitudes.

Coherence: Attitude vs. Behaviour
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Attitude  is an agent’s  intrinsic  predisposition, set by its 
internal reward parameters (𝛼 and 𝛽) . 

Fig 6. Agents ranked by mean coherence, showing 
how strongly each attitude aligns with behaviour 

when interacting across all partner types.

Social influence shapes the Individualistic agent's behaviour:  
when paired with a Cooperative partner, it collects resources randomly; when paired with a 
Competitive one, it defends its own resources to minimize penalties from the rival’s actions.

Fig 4. Number of 
collected coins by 
an individualistic 
agent (bottom 

row) when 
trained with a 

cooperative 
partner (left) or 

a competitive 
one (right) in 

CoopCoins .

Fig 5. Number of 
salads delivered 

by ingredient 
type for an 

individualistic 
agent (bottom 

row) trained with 
a cooperative 

partner (left) or 
a competitive 
one (right) in 
SpoiledBroth .

Coherence  𝑐𝑖 𝑟𝑜𝑤𝑛, 𝑟𝑜𝑡ℎ𝑒𝑟  measures how consistently  an 
agent’s  attitude  aligns with its behaviour, capturing  the 
stability  of its intent across social  contexts .

Opponent -oriented attitudes ( 𝛂 = 𝟎) show the 
highest behavioural coherence: 

by prioritizing the partner's outcome, these agents 
remain least affected by social influence, yielding 

robust and predictable behaviour.

Behaviour  is the emergent pattern of actions shaped by 
training  and external rewards (𝑟𝑜𝑤𝑛 and 𝑟𝑜𝑡ℎ𝑒𝑟) .

SpoiledBroth  (Complex  Environment) : CoopCoins  (Simplified  Environment) : 
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