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Abstract

Social aspects of human beings have induced their remarkable cognitive capabilities. Cultural evolution
is considered to have taken over biological evolution in their development. Yet, current work in artificial
intelligence, besides one-to-one dialogues, does not take this into account. We aim at bringing cultural
evolution to machines, like artificial intelligence aims to do with intelligence. Hence ACBE is a project
of artificial cultural evolution. Although this applies globally to all cultural artifacts, ACBE focuses
on knowledge and beliefs considered as a main driver of agent behaviour. ACBE will provide (a)
models of cultural evolution games and agents, (b) a simulator for running experiments according to
these models, (c) a framework for formally describing experiments to ensure their reproducibility, (d)
experiments demonstrating the benefits of the approach, and (e) artificial cultural evolution awareness-
raising initiatives. Numerous experiments simulating cultural evolution have been carried out, but they
are designed in a one-shot fashion preventing to reuse and compare them. In particular, they do not
isolate explicitly the evolutionary mechanisms of variation, selection and transmission. This prevents
them from being easily identified and controlled in experiments and thus from assessing their influence
on knowledge quality and diversity. ACBE will design a general model for games and agents involved
in cultural evolution experiments (a). It will make explicit these parameters. Such a model should be
prone to computer simulation and theoretical analysis. It will be implemented in a simulator (b) which
allows agents to play different games and games to be played by heterogeneous agents in the same
experiment. There exist no such environment yet. Experiments will be described formally (c) so that
they can be easily modified, reproduced and their results compared. This will improve experiment
reproducibility and permit searching and globally analysing an experiment repository. ACBE will
perform experiments (d) demonstrating the benefits of the proposed approach. These will involve
different agent populations and generations, controlling the evolutionary mechanisms intertwined
in agents behaviour and involving different games and heterogenous agents. In particular, we aim
at assessing the necessity and relative influence of each evolutionary mechanisms across different
games. We also plan to establish the capability of heterogeneous agent populations, including some
based on generative artificial intelligence, to evolve shared knowledge and beliefs. Finally, we will
promote the proposed approach towards cultural evolution research communities and particularly
those from social sciences and the humanities (e). The long-term prospect of ACBE is to understand
how artificial systems can find their place in our societies.

I Proposal’s context, positioning and objectives

a Objectives and research hypotheses

Artificial cultural evolution: cultural evolution for machines Cultural evolution considers that the
mechanisms applying to the selection of species (variation, transmission, and selection) also play a
role in the development of human culture [19]. Culture is understood here as information shared by a
population that governs its behaviour, e.g. customs, norms, languages, laws, religions, sciences. It is
considered to have taken over biological evolution in human development driving the success of homo
sapiens [10, 21].

When artificial systems become involved in our social life, cultural evolution should play the same
role. Indeed, for the society to accept artificial systems, a common culture will have to develop. It will
also be necessary for groups of heterogeneous artificial systems to act together.
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Current work on machine learning (now: artificial intelligence), focusses on the individual aspect
of intelligence. It attempts at creating single systems able to solve, and to learn to solve, many
problems. However, it can be argued that their social activity made human beings’ cognitive capabilities
remarkable. Besides one-to-one dialogues, current work in artificial intelligence mostly ignore this
aspect. Although AI systems have different capabilities and, like human beings, do not always provide
the same answer to the same question, it has been barely considered to make them debate together.
However, if such systems are deployed together in our society, they should learn how to behave with
people and with each other. That is, to build and evolve a common culture.

For that purpose, it is necessary to understand the laws governing cultural evolution. These
may apply to artificial systems as well as other beings. Bringing cultural evolution capabilities to
artificial systems aims at providing them with properties of interoperability (not wired in, but collectively
acquired), acceptance (especially by human beings), and resilience (the ability to survive drastic
changes in their environment). These are long-term properties and not features to be implemented
once-for-all in one system.

ACBE aims at bringing cultural evolution to machines, like artificial intelligence aims to do for
intelligence. The goal of ‘artificial’ is not to model specific phenomena with realistic agents, but to
test the potential of various artificial ones. Hence ACBE is a project of artificial cultural evolution [25].
ACBE ambitions to provide tools to help better understanding cultural evolution mechanisms. For this,
we need a general model that (i) exposes the mechanisms of cultural evolution, (ii) can be actionned
to run experiments, and (iii) can be theoretically analysed.

Agent-based simulation for artificial cultural knowledge and belief evolution Artificial cultural
evolution experiments consider artificial agents performing tasks, also called games, using their culture.
Feedback from these tasks leads agents to adapt their culture. The result of these individual processes
carried out by a large population of agents over a long time is cultural evolution. For instance, agents
may use ontologies to make decision on how to proceed with objects of their environment. Their task
is to agree on a common decision. When this fails, one agent will change its ontology to comply. In
the long run, agents always agree, their ontologies describe better the environment, but they remain
diverse [5]. Hence, artificial cultural evolution deals with micro-mechanisms considering how a single
agent behaves and macro-mechanisms considering the wider context of agent societies or populations.

ACBE concentrates on knowledge and beliefs (hereby used interchangeably) as a key component
to drive agents’ behaviour. Knowledge is only one aspect of culture. However, its relation to behaviour
is easy to understand and it has been well studied in artificial intelligence and other fields. Thus, it
makes a good choice to investigate cultural evolution. This work will be based on symbolic knowledge
and beliefs, but a large part of it should apply to subsymbolic systems.

Agents will be able to represent their knowledge and beliefs about their social and external
environments. They will use it to behave in these environments. We base our work on a clear
separation between knowledge and the behaviour that it induces. This separation and explicit
representation has positive methodological consequences. One of these is that it is possible to apply
measures on one or the other. Diversity, efficiency, distance, or correctness can be measured on both
knowledge and behaviour. Separating knowledge from behaviour gives the opportunity to mix, in the
same society, agents with different, e.g. symbolic and subsymbolic, knowledge representations and
human beings.

There are various ways to study cultural evolution, but it has mostly been investigated through
one-shot case studies. These may be wide-ranging observational work or agent-based simulations,
but the models concern only one type of result to observe. In particular, they usually do not consider
settings in which different types of agents are involved (except for coevolution experiments) and
different games are played by these agents. Although this results in valuable models, it provides little
information on the interference and complementarity between agent and game types.

Moreover, agents made for playing specific games lead to independent experimental settings
making experiments difficult to compare. ACBE aims at improving the usability of artificial cultural
evolution experiments by defining formal experiment descriptions that facilitate the reproducibility and
repurposability of experiment designs as well as their queryability and comparability.
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Characterising the evolutionary mechanisms of cultural evolution Biological evolution is based
on variation, transmission and selection. These mechanisms are precise enough to describe evolution
and general enough to cover more than biological evolution. However, in cultural evolution, they are far
more widely applied and are tightly interdependent. Hence, covering them requires special attention.
Variation One key ingredient to evolution is the capability to generate variants. In the genetic model,
variation occurs during gene transmission and depends on cross-over, mutations, and errors. In
the case of agents, these variants are the possible knowledge representations adopted by agents.
Variation occurs during transmission as well as in other occasions: when revising their beliefs after
realising that they are erroneous, when choosing how to perform an action. Variant generation does
not have to be random or simply frequentist. It is structured by the space of possible knowledge
representations.
Transmission In genetics, transmission is inheritance at birth. In cultural evolution, transmission
is not inheritance any more. One can distinguish between vertical and oblique (inter-generational)
transmission and horizontal (intra-generational) transmission [19]. These three models may rely on
different modalities (teaching, imitating). Moreover, transmission may occur during direct (communicat-
ing, teaching) or indirect (observing) transmission events. Such modalities depend on choices from
the transmitter (what to transmit, with which modality, to whom) and from the receiver (from whom to
learn and how to integrate it in one’s knowledge). Only some of these aspects, such as transmission
biases, have been extensively studied [20].
Selection In biological evolution, selection is often considered as the result of the fitness of individuals.
Either unfit (or non viable) elements are simply discarded, or transmission is performed differentially
with respect to fitness. In cultural evolution, agents predominantly select the knowledge that they will
preserve or transmit. Contrary to genetic evolution so far, they can change their knowledge if they
consider it as unfit or if they find out more promising one. Hence, agents will need criteria to decide
how to retain or to discard knowledge. Such criteria, like fitness measures, may come from the outside
of the agent, e.g. the observed failure of a task, or from the inside, e.g. its inconsistency with other
knowledge.

As can be seen, the evolutionary mechanisms are well present in cultural evolution, but they are
intrinsically intertwined. ACBE aims at contributing to understand how.

ACBE investigates the novel topic of artificial cultural knowledge and belief evolution. It is challeng-
ing by the questions it aims to answer, the current lack of precise delineation of concepts, and the
interrelated solutions to develop.

ACBE has for objectives to:

Define a general model of artificial knowledge and belief evolution, involving games and agents,
offering the capability to
– have agents playing several games and games played by several types of agents,
– be used for both experimental simulations and theoretical analyses.

Implement an integrated simulator based on this model allowing to
– straightforwardly experiment in a parameterised and extensible way,
– identify and make actionable evolutionary mechanisms as key parameters.

Support open science practices and in particular
– semantic experiment descriptions for quality insurance and reproducibility,
– findability, queryability and comparability of experiment descriptions.

Produce and reproduce outstanding experiments in cultural knowledge evolution
– involving experiments over multiple populations and generations,
– taking into account evolutionary mechanisms distinctively,
– involving multi-games and multi-agent types, including LLMs and humans,

Promote the approach and tools through open workshops and tutorials to disseminate towards
– different audiences, with a specific aims at reaching social sciences and the humanities,
– different culture types beyond knowledge and belief representation.
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b Position of the project as it relates to the state of the art

Simulating cultural evolution

Artificial evolution has been considered in evolutionary computation [13]. However, this work closely
adheres to the genetic metaphor which is too strict for cultural evolution. This is the case even
when attempts at cultural evolutionary computation are made [22]. These are essentially tools for
optimisation, though evolution has no aim, and not that of optimising.

Cultural evolution may be studied through observation of phenomena, population dynamic models
(macro), physical small-scale experiments or agent-based simulation (micro). Cultural evolution
experiments have been performed for long through multi-agent simulations: a society of agents
adapts its culture through a precisely defined protocol [4]. Agents perform repeatedly a specific
task under changing conditions, called game, and their evolution is monitored. This protocol aims to
discover experimentally the states that agents may reach and the properties of these states. This
has been successfully and convincingly applied to the evolution of natural languages [18, 28]. Agents
play language games and adjust their vocabulary and grammar as soon as they are not able to
communicate properly, i.e. if they misuse a term or do not behave in the expected way. Such
experiments showed their capacity to model various settings in a systematic framework and to provide
convincing explanations for linguistic phenomena. For instance, specific experiments have shown how
agents can agree on a colour coding system or a grammatical case system.

Recently, artificial systems and especially large language models (LLM) have been considered
for simulating cultural evolution [30]. However, most work focuses on their impact on human cultural
evolution [6] or their adoption of human biases [2], not on their own cultural evolution.

A last type of simulation method is the one based on opinion propagation. It has been adapted to
belief propagation [24] and we have started working on joint opinion/beliefs propagation [17]. So far,
this has been based on simplistic mechanisms unrelated to cultural evolution. We plan to address this
by allowing agents to use their knowledge when propagating either opinions or beliefs.

Cultural evolution experiments are usually designed from scratch and do not benefit from reuse.
They are either implemented in a one-shot ad hoc way to test one feature at once [4, 28], or in all
encompassing experiments that require setting a whole new environment each time [5]. Accordingly,
there does not exist dedicated simulators exposing typical cultural evolution mechanisms. Our own
framework, Lazy lavender , suffers from the same issue: it only offers agents able to play a single type
of game.

Simulation platforms such as NetLogo [26], Gama [14] or R [1] do not offer direct cultural evolution
mechanisms. This is one of the goals of ACBE to offer a dedicated cultural evolution simulator that
(i) separates agents from games, and (ii) exposes evolutionary traits. Such a modular experiment
design should contribute reusing, comparing and reproducing experiments.

Experiment reproducibility and open science

Historically, experiments were and still are described within papers expected to provide the necessary
information to reproduce them. Laboratory notebooks record experiment information to ensure
that paper descriptions correspond to what has been performed. Nowadays, electronic notebooks
incorporating various tools are often used. Although such notebooks may be very precise and contain a
lot of information, they are not always structured. Moreover, they are usually designed as independent
artefacts, making them difficult to analyse globally as their descriptions differ.

We have developed our own methodology for describing experiments before performing them, and
publishing repositories containing descriptions, results and analysis on our sake.re server. Although
this contributes to reproducibility, this does not go as far as providing formal experiment descriptions.

There are two benefits to more formal experiment descriptions:
Reproducibility Describing experiments in a formal way should allow to replay them, to reproduce them

and to repurpose them [31]. Beyond rerunning the actual experiment, running different statistical
analyses of the data should be possible. Further formalising elements, such as experimental
hypotheses, opens the opportunity to check automatically wether they are satisfied or not.
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Meta-analysis Formal experiment description would also enable us to consider a base of experiments
from which to find and query them [9]. This would allow us to compare experimental conditions and
results across experiments. Ideally, it will be possible to generate a meta-analysis on a specific
topic from the base.

This would contribute to make experiments FAIR, i.e. Findable, Interoperable, Accessible and Re-
producible [32]. Currently, there is no notebook repository that can be queried on specific attributes.
Dataset search engines, such as DataCite or Google data set search, which often contain experiment
results, are searcheable on very poor metadata (besides dates and authors).

Recently, leaderboards like Kaggle have helped standardising some aspects of experiments which
allow one to compare them. However, they focus on one type of problem to solve and rather constrain
the ‘agents’ that solve them. Their descriptions lack the necessary flexibility.

Concerning computational experiments, of particular interest is the COMSES Computational Model
Library [23], which tracks mostly agent-based models in life and social sciences. It aims at reproducing
computational simulations. This is very useful but the descriptions are not sufficient for answering a
question such as:

Are there agreement experiments with more than three benevolent agents which failed to
show knowledge improvement.

Such a query contains a lot of implicit information not available to a property-value-based query engine:
types of objects (benevolent agents), types of experiment (agreement experiments), measurements
(knowledge improvement). Other queries of interest would be:

Are there experiments whose results contradict those of this one?

In order to achieve this, formal experiment description can rely on semantic web technologies.
Concerning the objects of scientific statements, many resources express these with semantic web

technologies. Methodological aspects of research have not been left aside. The Open Research
Knowledge Graph project (ORKG) [3, 16] ambitions to represent all that can be found in a research
paper: this is wider than experiments, but experiments have reproducibility requirements which lead
their descriptions to go beyond what is available in papers. Some work has proposed ontologies de-
scribing experiments [27], hypotheses [11] or claims [7]. On the experimental side: the researchobject
project has provided a way to describe protocols [15] as well as SMART protocols [12]. Attempts are
also made to describe evaluation methods [29].

The state of the art allows for expressing formally broad aspects of scientific knowledge. ACBE will
build on it to specify formal experiment descriptions applying to cultural evolution experiments that
improves reproducibility and meta-analysis.

c Methodology

Overall organisation

The project is organised in work lines. These are called work lines instead of work packages to
insist on the idea that they are carried out during the whole project and beyond. Because most of
the outcome of the project are research results, they also do not end at the end of the tasks: it is
expected that the project results will be published through conference and journal papers as well as
PhD dissertations. However, they are split in specific tasks with well-identified ends at which they must
deliver a specific product.

Description of work

The project is organised along 5 work lines of distinct nature which correspond to the 5 objectives:
WL1 Model cultural knowledge and belief evolution experiments
WL2 Implement a simulator based on the designed model
WL3 Support open science through reproducibility and meta-analysis
WL4 Experiment cultural evolution, based on the features of the simulator
WL5 Disseminate project results to cultural evolution researchers
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WL1: MODELS OF ARTIFICIAL CULTURAL KNOWLEDGE AND BELIEF EVOLUTION

The first work line will develop general models of artificial knowledge and belief evolution, involving
games (T1.1) and agents (T1.2) that take part to cultural evolution experiments. An initial model will
be provided to support the implementation of the simulator (WL2) and experiments (WL4). It will be
constantly updated upon experiments and will reach a second version (T1.3).

There is currently no such general model of cultural evolution games. Some attempts have recently
been made albeit focussing on one single game [8]. One important challenge of this work is that the
designed models should be sufficiently precise so that (a) they can be processed by the simulator,
and (b) they can be theoretically exploited in order to prove games or setting properties. Such models
will offer the capability for agents to play several games and for games to be played by several types of
agents.

Task 1.1: Game model Duration: 12m (T0 − T0 + 12)
Goal: Defining the models of games used in cultural knowledge evolution
Output: Game and environment model (D1.1, report, M12)

Task 1.2: Agent model Duration: 12m (T0 − T0 + 12)
Goal: Defining the models of agents used in cultural knowledge evolution
Output: Agent and population model (D1.2, report, M12)

Task 1.3: Extended models Duration: 12m (T0 + 18 − T0 + 30)
Goal: Extending the agent and game models proposed previously
Output: Revised game and agent models (D1.3, report, M30)

WL2: SIMULATOR

An integrated simulator will be developed based on the models developed in WL1. It will enable to
identify key parameters of cultural evolution and to straightforwardly experiment in a parametric and
extensible way. The first iteration of the simulator (T2.1) will process games with agents as defined
in WL1. The second iteration (T2.2) will support agents playing several games at once and different
types of agents playing. This will also allow for specific experiment scheduling, such as synchronous
playing, which is often used in some types of simulations.

The ability for the same agent to enter different games using the same kind of knowledge and
beliefs is a point that will require a specific attention and will constitute a significant advance on the
state of the art. The fact that different agents cannot enter the same set of games does not raise
problem and will offer the opportunity for new experiments.

Task 2.1: Implementation of the cultural knowledge evolution simulator Duration: 12m
(T0 + 6 − T0 + 18)
Goal: Developping a cultural knowledge evolution simulator
Output: ACBE Simulator (D2.1, software, M18)

Task 2.2: Simulator version 2 Duration: 12m (T0 + 24 − T0 + 36)
Goal: Providing an improved and more stable version of the simulator
Output: ACBE Simulator v2 (D2.2, report, M36)

WL3: REPRODUCIBILITY AND OPEN SCIENCE

In order to support open and reproducible experimental science, this work line will provide a way to
describe experiments, their hypotheses and their results so that they can be easily repurposed and
rerun (T3.1). Such precise descriptions are key to the independent reproduction of experiments. In a
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second time, (T3.2), these descriptions will be extended and exploited in order to be able to retrieve,
select and compare a large base of experiments and their results.

The difficulty of this work is to provide formal descriptions that allow experiments and global
analyses to be processed. A balance has to be found between the depth of descriptions and the
capability to address a wide range of experiments.

Task 3.1: Support for reproducibility Duration: 12m (T0 + 12 − T0 + 24)
Goal: Defining procedures and resources to warrant that simulations can be reproduced
Output: Support for experiment description and reproducibility (D3.1, report, M24)

Task 3.2: Support for meta-analysis Duration: 12m (T0 + 36 − T0 + 48)
Goal: Providing metadata descriptions for finding and querying experiment records
Output: Support for experiment meta-analysis (D3.2, report, M48)

WL4: EXPERIMENTS

The aim of this work line is to demonstrate that the promoted approach can be used to obtain significant
results in experimental artificial cultural evolution. Based upon the simulator provided in WL2, cultural
knowledge and belief evolution experiments will be carried out. This will also offer a first library of
games and agents to be reused in further experiments. A first round of experiment (T4.1) will aim at
reproducing existing experiments within the framework. This should provide a fast feed-back on its
implementation. The second round of experiments (T4.2) will more specifically show the benefits of
clearly identifying evolution mechanisms within agent models. Finally, the third experiments (T4.2) will
provide evidence of the capacity of the system to support the integration of different kinds of agents
simultaneously playing different games.

The goal of this work line is not simply to test the proposed environment: it aims at providing
valuable research results in cultural knowledge and belief evolution, and specifically to its core with
respect to evolutionary mechanisms. Beyond reports, deliverables are expected to be experiment
records including experiment descriptions, results and analysis, and that will be published in papers.

Task 4.1: Experiments with populations and generations Duration: 12m (T0 + 12 − T0 + 24)
Goal: Showing the capability of the simulator to deal with multi-populations and multi-generation
experiments
Output: Cultural evolution experiments with populations and generations (D4.1, report, M24)

Task 4.2: Experiments with distinct evolutionary mechanisms Duration: 12m (T0 + 24 − T0 + 36)
Goal: Showing the benefits of identifying evolutionary mechanisms in experiments
Output: Cultural evolution experiments with distinct evolutionary mechanisms (D4.2, report, M36)

Task 4.3: Multi-game and multi-type experiments Duration: 12m (T0 + 42 − T0 + 54)
Goal: Performing experiments in which heterogeneous agents play simultaneously together several
games
Output: Multi-game and multi-type cultural evolution experiments (D4.3, report, M54)

WL5: DISSEMINATION AND MANAGEMENT

This work line deals with the management of the project and the dissemination of the outputs of ACBE.
It organises the project (T5.1) so that it delivers the best results, and takes care of their dissemination
(T5.2). It will promote the proposed approach and platform through open workshops and tutorials
aiming to disseminate towards different audiences, with a specific goal to reach social sciences and
the humanities, and opens to different culture types beyond knowledge and belief representation.
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The dissemination task (T5.2) is of specific importance for ACBE as outreach to at least a part of
researchers involved in cultural evolution research belongs to our objectives. For that purpose, paper
publication about our progress will also be part of it.

Task 5.1: Management and relation with ANR Duration: 54m (T0 − T0 + 54)
Goal: Managing the project and coordinating with ANR
Output: Annual report (D5.2, report, M12, M24, M36, M48), Final report (D5.3, report, M54)

Task 5.2: Dissemination Duration: 54m (T0 − T0 + 54)
Goal: Designing and implementing dissemination actions
Output: Website (D5.1, report, M3) Workshops on artificial cultural belief evolution (D5.4, workshop,
M30) Tutorials on ACBE simulation (D5.5, tutorial, M42) Interdisciplinary workshop on Artificial cultural
evolution (D5.6, workshop, M48)

II Impact and benefits of the project

ACBE is not directly applied and rather aims at facilitating scientific research. However, we foresee its
potential impact in the long term on research, industry and society.

a Impact on research

The research fields concerned by the outcome of the ACBE project are many. The most direct ones
are artificial intelligence and multi-agent simulation of which we are regular contributors.

However, still remaining in computer science, we aim at having an impact on fields such as social
network analysis and opinion dynamics, by introducing the effect of beliefs and opinions in these fields,
and artificial life, to which our integrative experiments (T4.3) may claim to belong.

But besides computer science, we aim at providing more relevant tools for research in cultural
evolution, i.e. in all social sciences and the humanities. This is to that extent that our dissemination
effort (T5.2) is primarily oriented. In addition to the specific tools provided by ACBE, the goal of the
outreach efforts (web site, workshop and tutorial) is to promote the methodology and approach. Our
main goal is to convince social scientists that studying artificial cultural evolution should help their
fields progress beyond, and together with, terrain-oriented approaches. Hence, the sought impact is in
fostering important research results in these fields.

A side-effect of the project is its contribution to better experiment descriptions that has the potential
to impact all experimental sciences.

b Impact on industry

Beyond providing insights in the nature of artificial cultural belief evolution, ACBE has the potential to
impact socio-technical system fields such as social robotics which mixes artificial systems with people.
For instance, robots designed to be part of our societies will have to acquire knowledge about their
physical and social environment. They will have to adapt their knowledge in order to be integrated and
well-behaving.

There are some fears that such systems may not abide to human values and beliefs. Another
worry is that too rigid systems may be rejected by potential users. Finally, the race towards short-term
optimisation may reduce diversity and be detrimental to long-term resilience.

Artificial cultural evolution is definitely an approach to address these points. Evolving such
systems with cultural evolution mechanisms may help integrate common values and achieve a
smoother integration. Yet we want to understand if the behaviour of artificial systems must be explicitly
programmed within such systems (value-based engineering) or if it can be constrained by their very
cultural evolution mechanisms (socially negotiated, hence not hard-wired).

More generally, the proposed approach can be used to simulate information propagation and
adoption in concrete organisations, e.g. companies, institutions.
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In another direction, though the work on reproducibility aims at developing a proof of concept, its
outcome may be submitted for consideration to be integrated in future standards, e.g. Research data
alliance.

c Impact on society

The former paragraphs already touch on societal issues. What applies to industrial deployment
necessarily impacts our societies. More generally, the work on artificial cultural evolution aims at
apprehending how artificial systems may evolve a culture, here knowledge and beliefs, together with
other members of the society. Understanding, how this can be achieved will help creating better
artificial systems and help better developing our societies [10].

A benefit of separating knowledge and beliefs from the context-dependent behaviour is the
opportunity to preserve knowledge diversity supporting compatible behaviour. This is an important
issue as, in evolution theory, diversity is considered as an important indicator of resilience.

Another social implication of our work is the study of knowledge and belief propagation. Models
of opinion dynamics are rather simplistic. Introducing knowledge and beliefs and some evolutionary
mechanisms may bring a better understanding of this propagation. This may be applied to counter
‘fake news’ and ‘conspiracy theory’ propagation.
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