Norm Evolution in Multi-Agent Systems
Using LLMs as Agents

Abstract

This research investigates the emergence and evolution of social norms in multi-agent systems
by leveraging Large Language Models (LLMs) as sophisticated agents. Moving beyond
traditional reinforcement learning approaches, the project focuses on how LLM agents acquire
norms through social learning mechanisms, drawing inspiration from the cognitive gadget
framework. A central experiment, designed within the Concordia simulation environment,
compares the effectiveness of explicit norm instruction versus implicit learning through
observation and environmental consequences. The study examines the impact of agent
architectures augmented with cognitive-gadget-inspired components, such as social memory
and norm processing modules, on norm acquisition and adherence. Expected outcomes will
provide insights into the dynamics of norm formation in artificial societies, inform the design of
more socially intelligent and aligned Al agents, and demonstrate the potential of LLM-based
generative agent-based modeling for social science research.

Introduction: The Challenge of Norms in Artificial
Societies

The development of sophisticated multi-agent systems (MAS) necessitates a deeper
understanding of how autonomous agents can coordinate and interact effectively, particularly
in decentralized environments." A cornerstone of complex adaptive systems, both natural and
artificial, is the emergence and evolution of social norms — shared rules or expectations that
guide behavior within a group.* These norms are crucial for facilitating cooperation, resolving
conflicts, and ensuring that individual agent actions contribute to collective goals.'® However,
modeling and understanding how these norms arise and change in artificial systems,
especially those composed of increasingly complex agents, remains a significant challenge.™
Traditional approaches to studying norm evolution in MAS often rely on simplified agent
models or reinforcement learning (RL) techniques. While valuable, these methods may not
fully capture the richness of human-like social learning, communication, and the internal
cognitive processes that underpin norm acquisition and adherence. This research explores an
alternative paradigm by employing Large Language Models (LLMs) as the core intelligence for
individual agents within a MAS framework. LLMs offer unprecedented capabilities in natural
language understanding, generation, reasoning, and complex behavior generation, potentially
enabling more realistic simulations of social dynamics.?” By leveraging LLMs, this project aims
to investigate how agents can learn and adapt to evolving social norms through interaction



and communication, without relying on explicit RL signals for norm adherence.
Furthermore, this work integrates insights from the cognitive gadget framework *’, which
posits that complex human cognitive abilities, including those related to social learning and
cultural transmission, are not solely innate but are culturally evolved tools built upon more
general learning capacities. Applying this lens to agent design suggests that equipping LLM
agents with specific architectural components to facilitate simulated social learning could
enhance their ability to acquire and utilize social norms.

This submission outlines a focused research plan centered around a core experiment
designed to investigate specific mechanisms of norm acquisition in LLM-based MAS. While
acknowledging the vast landscape of potential research questions in this domain (e.g.,
different network types, complex emergent dynamics "), this project prioritizes an in-depth
exploration of how norms are learned through explicit instruction versus implicit observation
and consequence, and the role of cognitive-gadget-inspired agent architectures in this
process. This focused approach aims to provide high-leverage insights into fundamental
aspects of norm evolution in artificial societies, laying groundwork for future, broader
investigations.

Background: Norms, LLMs, and Cognitive Gadgets

Defining ‘Norm' in the Context of MAS

In multi-agent systems, a norm is a principle or rule that guides agent behavior within a
group.* Drawing from definitions in the literature [2, 163, 35, 152, 163, 34, 37, 38], a norm
prescribes how agents should ideally behave, but critically, it allows for the possibility of
deviation or violation.® This makes norms "soft constraints," where violations may incur
consequences like sanctions or rewards, rather than being strictly forbidden actions.®
Norms can be explicit, formally stated rules (like laws), or implicit, unwritten social
expectations inferred from observing behavior and consequences.*? Implicit norms are often
harder to detect but can be highly influential.** Genuine norms typically have sufficient
prevalence within a community, meaning most members comply and are aware of collective
compliance.*® Importantly, norms are dynamic; they can be learned, propagated, change, and
emerge over time.®

For this research, a norm is defined as: a principle of behavior, explicit or implicit, that
emerges or is introduced into a group of agents, influences but does not strictly determine
behavior, and is subject to change based on agent interactions and consequences. This
definition emphasizes the dynamic, non-binding nature and grounding in collective behavior
suitable for simulation.

Property of Norms Relevance to LLM-based MAS Study

|deal vs. Actual Behavior © Allows for studying agent choice and violation,
not just perfect adherence.

Soft Constraints © Requires simulation environment to handle




consequences and agent responses to them.
Explicitness (Explicit vs. Implicit) *2 Dictates how norms are communicated to
agents (prompt vs. observation/inference).
Community Prevalence *° Requires measuring collective behavior, not
just individual actions.

Dynamics ° Necessitates tracking behavior and system
state over time.

LLMs as Agents in Multi-Agent Systems

The integration of LLMs into MAS represents a significant shift, moving beyond agents with
limited, pre-programmed behaviors to those capable of complex reasoning, natural language
communication, and adaptive responses.?’ LLM-powered agents can interpret nuanced
instructions, engage in open-ended dialogue, and generate diverse actions based on their
internal state and interaction history.?® This makes them particularly promising for simulating
social interactions where communication and interpretation are central.?®

Frameworks like Concordia %, AgentTorch *3, and others ** have demonstrated the potential of
using LLMs in agent-based simulations, including modeling social dynamics.®® Studies have
shown that groups of LLM agents can spontaneously develop shared social conventions
through interaction alone, mimicking bottom-up norm formation in human cultures.®® This
suggests that LLMs possess inherent capabilities for social learning and coordination through
communication, even without explicit RL training for specific norms.

The Cognitive Gadgets Framework Applied to Al

The cognitive gadget framework ¥ proposes that complex human cognitive abilities like
imitation, mindreading, and language are culturally evolved tools, built upon more general
learning mechanisms through social learning and cultural transmission. This perspective
contrasts with purely nativist views.*’

Applying this framework to Al suggests that equipping agents with sophisticated social
behaviors, such as norm acquisition, might require designing architectures that facilitate
simulated social learning processes within the MAS environment.*” While LLMs are trained on
vast cultural data, they typically lack the dynamic, interactive social learning that shapes
human cognitive gadgets.*” Their learning is primarily statistical pattern extraction from static
datasets.®

Designing LLM agents with explicit components for processing social information — such as
observing others' actions and consequences, storing this information in memory, and using it
to update internal models of expected behavior — can be seen as computationally embodying
the construction of a "norm-following gadget".>” This moves beyond simply prompting an LLM
with rules and focuses on how agents learn norms from their social environment, analogous to
how humans acquire cognitive gadgets through cultural transmission.*’

Proposed Central Experiment: Norm Acquisition in




LLM MAS

This project focuses on a central experiment designed to investigate how LLM agents acquire
and exhibit norm-governed behavior in a social simulation, without relying on reinforcement
learning.

Specific Research Questions and Hypotheses

1. How does the mode of norm introduction (explicit instruction vs. implicit observation
and consequence) affect the speed and prevalence of norm adoption among LLM
agents?

2. Do agents designed with cognitive-gadget-inspired components (e.g., enhanced social
memory, explicit norm processing) exhibit different patterns of norm learning and
adherence compared to baseline LLM agents?

3. How does the presence and nature of consequence mechanisms (sanctions for
violation, rewards for adherence), mediated by the environment, influence norm
adherence and potential norm emergence?

Based on these questions, the following hypotheses are proposed:

e H1: Explicitly introduced norms will lead to faster initial norm adoption rates compared
to implicitly emerging norms, but implicitly learned norms, once established, may be
more resilient to individual agent violations due to being grounded in observed social
dynamics and consequences.®

e H2: Agents designed with explicit social observation and associative memory
components will demonstrate significantly faster norm learning and higher long-term
adherence rates compared to agents lacking these specific architectural features, as
these components facilitate the social learning processes central to cognitive gadget
theory.>’

e H3: The implementation of environmental consequences (sanctions or rewards) for
norm-relevant behavior will result in higher overall norm adherence rates and potentially
facilitate the emergence of novel conventions in the implicit norm condition, mirroring
the role of enforcement in real-world normative systems.®

Simulation Environment and Scenario Design

The Concordia framework %8 is selected as the simulation environment. Concordia is designed
for generative agent-based modeling using LLMs, facilitating natural language interactions
and leveraging a Game Master (GM) to mediate the environment and agent actions.* This
architecture is well-suited for implementing the consequence systems necessary to study
norm dynamics as soft constraints.®

A mixed-motive social dilemma scenario, such as an adaptation of the "Managing a Fishery"
scenario from Concordia's suite *, will be used. This scenario involves agents managing a
shared, depletable resource, creating a tension between individual incentives (overfishing)
and collective welfare (resource sustainability).*® This tension provides a fertile ground for



studying norm evolution, as norms often emerge to resolve such conflicts.®

The environment will involve a population of LLM agents interacting over multiple simulation
steps. The GM will manage the shared resource, interpret agent actions (e.g., fishing levels
described in natural language), update the environment state, and communicate observations
and consequences back to the agents.*

LLM Agent Architecture: Implementing Cognitive Gadgets

Agents will be built using a capable base LLM.* The architecture will augment the base LLM
with components inspired by the cognitive gadget framework to facilitate social learning and
norm processing, moving beyond simple prompting.*

Proposed components:

e Perception Module: Processes natural language observations from the GM, extracting
social cues, other agents' actions, and consequences.®' Inspired by human attention to
social information.*’

e Associative Social Memory: Stores structured representations of past interactions,
observed behaviors, communications, and consequences.? This simulates cultural
memory and supports learning from experience and observation, analogous to
associative learning.®

e Norm Interpretation/Representation Module: Processes explicit norm statements
and analyzes memory content to infer implicit norms from observed patterns and
consequences.®® Maintains an internal representation of perceived norms.

e Decision Module: Uses the agent's goals ¢, state, and internal norm representations to
decide on a natural language action.” Designed to allow norms to influence decisions,
potentially overriding purely goal-driven reasoning, embodying the "soft constraint"
nature of norms.® This module must explicitly weigh the influence of learned norms
against other motivations.’

e Communication Module: Formulates natural language actions and communications.*
Crucial for transmitting norms, expressing social feedback, and facilitating cultural
transmission.®

These components simulate the process by which humans build cognitive gadgets for social
behavior upon general learning capacities.®

Agent Component Function in Norm Learning

Perception Detects social and environmental cues related
to norms.*’

Social Memory Stores observations for later inference and
contextualization.?®

Norm Interpretation Infers implicit rules and processes explicit
ones.>°

Decision Module Integrates norms into action selection,




balancing with goals.®

ICommunication Enables social transmission and enforcement
of norms.*®

Mechanism of Norm Introduction and Consequence System

The experiment will compare explicit and implicit norm introduction:

e Explicit: Norm stated clearly via initial prompt or GM message.*

e Implicit: No explicit norm; agents must infer beneficial collective behavior from

environmental feedback and consequences tied to resource state.*

In both conditions, the GM will implement a consequence system.® For explicit norms, the GM
sanctions violations (e.g., negative feedback). For implicit norms, consequences are tied to
the shared resource state (e.g., reduced yields if overfished). The GM communicates these
consequences, enabling agents to learn from outcomes.*'

Data Collection and Measurement

Data will include communication transcripts, GM logs (environment state, actions,
consequences), and agent internal states (memory, norm representations).?
Metrics will quantify norm evolution and behavior ":

e Norm Adherence Rate (Population/Individual): Percentage of norm-consistent

actions.>®

e Norm Prevalence (Communication): Frequency of norm-related terms in
communication.®
Norm Convergence Time: Time for population adherence to stabilize.!

e Violation Frequency: Rate of norm-violating actions.®
e Consequence Sensitivity: Change in behavior after consequences.®
e Internal Norm Strength: Agent's internal representation of norm importance (if
accessible).
Metric Aspect Measured
Norm Adherence Rate Collective and individual norm adoption.*°
Norm Prevalence (Communication) Social transmission and shared
understanding.®
Norm Convergence Time Speed of collective learning.’
Violation Frequency Effectiveness of norms as soft constraints.®
Consequence Sensitivity Agent responsiveness to enforcement.®
Internal Norm Strength Internalization of norms (architecture
dependent).

Literature Review and Expected Outcomes

While direct experimentation is not possible in this format, a review of existing literature



supports the feasibility and relevance of the proposed experiment and informs the expected
outcomes.

Research on norm emergence in MAS has explored various mechanisms, including interaction,
social learning, and enforcement.* Studies using LLMs as agents have shown their capacity
for complex social interactions and even spontaneous convention formation.®® The Concordia
framework is specifically designed for such LLM-based social simulations %, including social
dilemma scenarios.®

Behavioral science distinguishes between explicit and implicit norms, noting that implicit
norms can be highly influential and less likely to cause psychological reactance than explicit
ones.* This supports H1, suggesting different dynamics for explicit vs. implicit norm
acquisition.

The cognitive gadget framework provides a theoretical basis for designing agents that learn
from social input.®” While LLMs have general learning capacities, augmenting them with
specific components for social memory and norm processing (as proposed in the agent
architecture) is hypothesized to facilitate the acquisition of social norms, supporting H2. This
aligns with the idea that complex cognitive tools are built upon basic learning mechanisms
and social input.®

The role of consequences in norm adherence is well-established in social science and MAS
research.® The GM's ability to mediate consequences in Concordia ' allows for testing H3,
which predicts that consequences will increase adherence and potentially drive implicit norm
emergence.

Based on this literature and the hypotheses, the following outcomes are anticipated:

e Explicitly introduced norms are expected to be adopted faster initially, as agents can
directly process the rule.*?

e Implicitly learned norms, if successfully established through observation and
consequences, may show greater stability or resilience to individual deviations over
time, as they are grounded in observed social dynamics rather than just a stated rule.*®

e Agents with cognitive-gadget-inspired components (social memory, norm processing)
are expected to outperform baseline LLM agents in both explicit and implicit norm
acquisition, particularly in the implicit condition where inference from observation is
key.*

e The presence of consequences is expected to significantly increase norm adherence in
both conditions, demonstrating the importance of enforcement mechanisms.®
Consequences are also expected to be critical for the successful emergence of a stable
convention in the implicit norm condition.®®

Wireframe visualizations of expected results would illustrate these patterns:

e A graph showing population norm adherence over time, with the explicit norm condition
rising quickly and implicit conditions rising more slowly, contingent on consequences.

e A comparison of norm convergence time or final adherence rates between agent
architectures (with/without cognitive gadget components), showing improved
performance for augmented agents.



e A graph showing violation frequency decreasing as consequence severity increases.

Discussion and Future Work

This research contributes to understanding how complex artificial agents can acquire and be
governed by social norms through language-based interaction and social learning, without
relying on reinforcement learning. By focusing on explicit vs. implicit norm introduction and
the role of cognitive-gadget-inspired agent architectures, the project provides insights into
the mechanisms underlying norm acquisition in LLM-based MAS.

The findings have implications for designing more socially intelligent and aligned Al agents.>
Understanding how norms emerge and influence behavior is directly relevant to the value
alignment problem, offering pathways to make multi-agent Al systems more predictable and
beneficial.>? The potential for harmful emergent behaviors in LLM agents ¢ underscores the
importance of mechanisms like norms for guiding collective behavior towards beneficial
outcomes.

This focused experiment serves as a high-leverage starting point. The domain of norm
evolution in MAS is vast, encompassing numerous areas for future exploration. These include:

e Investigating norm change mechanisms ®, such as how existing norms are modified or
replaced.

e Exploring the emergence and interaction of multiple, potentially conflicting norms within
a single system.

e Studying the impact of different communication network topologies on norm diffusion
and stability.®’

e Scaling simulations to larger populations (potentially requiring frameworks like
AgentTorch 2 or exploring hybrid approaches that balance agent sophistication and
scale ).

Incorporating human agents into simulations to study human-Al norm interaction.
Applying the cognitive gadget framework to other complex social behaviors in Al, such
as trust, reputation, or cooperation strategies.*’
While the simulation provides a valuable model, it is a simplification of reality.’ Limitations
include the specific capabilities and potential biases of the chosen LLM #, the simplifications
inherent in the simulation environment and scenario, and the challenge of fully capturing the
complexity of human cognition and social processes in the agent architecture. Future work
should address these limitations to increase the realism and generalizability of findings.

Conclusion

This research submission outlines a project focused on investigating norm evolution in
multi-agent systems using LLMs as agents, emphasizing social learning mechanisms inspired
by the cognitive gadget framework and removing reinforcement learning as the primary
learning driver. By proposing a central experiment within the Concordia framework that
compares explicit and implicit norm acquisition under varying consequence regimes, the
project aims to provide fundamental insights into how complex artificial agents can learn and



adhere to social norms. Supported by a review of relevant literature on norms, LLM agents,
social simulation, and cognitive science, the proposed research offers a focused yet impactful
approach to understanding collective behavior in artificial societies and informing the design
of more socially capable and aligned Al systems. The identified areas for future work highlight
the significant potential of this research direction to advance the state of the art in
multi-agent systems and Al ethics.
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