
1 Introduction

Nowadays, emergence is a word that is used vaguely in almost all sciences and in many instances used
to refer to a process or a property of some system whose origin is unknown. If we look around with
our own eyes we perceive forms, shapes, and matter that are smooth and continuous. But had we used
a microscope we would notice that all mater around us is made of small atoms and molecules that are
bumping into each other or organised into certain structures. Under the microscope, the world is far
from smooth and continuous. Yet, once many atoms and molecules are put together, a smooth and
continuous structure emerges. How and why did that happen? The answer is far from obvious.

What is emergence? Contrary to what one may naively expect, this question turns out to be
crucial for science. Understanding instances of emergence in science usually leads to substantial
progress while understanding emergence more broadly is important for the unity of science itself. How
is physics related to chemistry? And chemistry to biology? And psychology to social behaviour?
These questions remain open to this day exactly because it is very hard in general to understand how
the interactions of many individual constitutes (atoms, molecules, people, etc) can lead to unexpected
and surprising collective behaviour.

Before emergence became part of the domain of science, it was already an integral part of phi-
losophy. Philosophers for about a couple of centuries have attempted at understanding and defining
exactly what emergence means, in particular in the context of philosophy of mind. How can all the
parts of our brain and body conspire to give rise to consciousness and subjectivity? Or is it the case
that consciousness is just there from the beginning and using our power of free will we can simply tell
the brain and body how to act?

This course has the purpose of making emergence more concrete, not only at a conceptual and
philosophical level but also at a mathematical and modelling level. Mathematical analysis and com-
puter modelling of different systems from physics, biology to social sciences can make the study of
emergence detailed and concrete. It is possible to model different agents, which act according to spe-
cific rules, and look at the result of their interactions. Those interactions give rise to new structures
that need in many cases a new language for their description and that description is what emerges.
From the analysis of many examples, one can perform general conceptual and philosophical analysis
to extract generic lessons of what emergence really means and how that can help us better understand
the world.
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2 Course plan

The course consists of lectures and workcolleges. There are essays, papers, videos or exercise sheets
as preparatory material for both activities. For instance, it is expected that the student spends
approximately 4h reading essays or solving exercises before attending each workcollege. All literature is
available on canvas. Some weeks students are required to hand-in assignments before certain deadlines
in order to be prepared for the workcolleges. Deadlines will be clearly stated on Canvas. Missing such
deadlines amounts to being registered absent from the workcollege.

2.1 Lecture 1: Overview of Emergence by Jacome Armas

This lecture consists of an overview of the course as well as some conceptual explanations and discus-
sions on emergence, reduction and downward causation together with a catalogue of several examples
of emergence. The student is recommended to watch the three pre-recorded videos before the lecture.
During the lecture the students will have the opportunity to gather in breakout rooms and collect
questions about the course and the material in the pre-recorded videos. For both the lecture and
the workcolleges this week the recommended reading is More is different by P. W. Anderson and
Emergence, causation and storytelling: condensed matter physics and the limitations of the human
mind by S. J. Blundell. At the beginning of the workcolleges you also have the opportunity of asking
questions about the lectures.

2.2 Lecture 2-4: Philosophy of Emergence by Sebastian De Haro

This set of three lectures explores the debate between philosophers about emergence and reduction
in scientific theories, as well as modern developments in emergence. The student will be exposed
to the arguments for and against the different points of view. During the workcolleges the student
will be able to discuss the relevant papers in depth and debate. Lecture 2 is on reductionism and
the relevant essay is Issues in the Logic of Reductive Explanations by E. Nagel. Lecture 3 is about
anti-reductionism and the essay is Reductionism by Garfinkel. Lecture 3 is about emergence and the
essays are Reduction, Emergence, and Supervenience: A Varied Landscape (until section 3.1) by J.
Butterfield and Towards a Theory of Emergence in the Physical Sciences (sections 1 and 2) by S. De
Haro.

2.3 Lectures 5-6: Brownian motion and the emergence of diffusion by Mauricio
del Razo

This is the first set lectures on modelling and mathematical analysis of emergent phenomena. There
will be a brief historical background of Brownian motion and the lecture will cover Einstein’s ap-
proach and Einstein’s relation, the overdamped Langevin equation, emergence of diffusion equation
(Fokker-Planck equation), simulating the overdamped Langevin equation and a numerical validation
of emergent diffusion. The recommended literature is Dynamical theories of Brownian motion by E.
Nelson (Chapters: 2, 3 and 4) and The Langevin Equation: With Applications to Stochastic Problems
in Physics, Chemistry and Electrical Engineering by Y. P Kalmykov and W. T Coffey (Chapter 1,
section 1.1 to 1.5). In the workcolleges you will have the opportunity to solve exercises and practice
simulations.

2.4 Lecture 7-8: Kuramoto model and synchronisation by Janusz Meylahn

In these lectures you will continue exploring modelling and simulation of different systems. The
lecture will cover examples of synchronization in the real world, stochastic processes overview (and
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Brownian motion specifically), a informal introduction to the noisy Kuramoto model, the interpreting
the synchronization bifurcation, a first tutorial on random graphs and synchronization on graphs
(specifically on a two community network). Literature includes Graph Theory and Complex Networks
An Introduction by M. van Steen and The Kuramoto model: A simple paradigm for synchronization
phenomena by Spigler et al. In the workcolleges you will have the opportunity to solve exercises and
practice simulations.

2.5 Lecture 9-10: Population dynamics and epidemic spreading by Wout Merbis

In these lectures you will begin modelling population dynamics and characterize different ’phases’ in
population dynamics. Examples include absorbing/endemic phases in epidemic models (similar to
absorbing/active phase in percolation). Lotka-Volterra predator-prey models. The lecture will also
include discussions of how the micro interaction structure influences the critical parameters (i.e. epi-
demic threshold). The recommended reading is Networks: An introduction, by M. Newman (chapters
17.1-17.5 and chapters 6 up to 6.2 and chapter 8 up to section 8.6). In the workcolleges you will have
the opportunity to solve exercises and practice simulations.

2.6 Lecture 11-12: Information cascades and segregation by Soroush Rafiee Rad

In these lectures you will explore models of social behaviour. The lectures will cover a brief in-
troduction to basics of probability theory, Bayes Rule and conditional probabilities, collective at-
titude formation and emergence, segregation & polarisation, pluralistic ignorance and information
cascades. The lecture covers Schelling’s model and emergence of segregation, emergence of informa-
tion cascades and emergence of pluralistic ignorance. The literature includes Information Cascades
(https://www.cs.cornell.edu/home/kleinber/networks-book/networks-book-ch16.pdf) and The Great
Illusion: Ignorance, Informational Cascades, and the Persistence of Unpopular Norms. by Fukui et
al. In the workcolleges you will have the opportunity to solve exercises and practice simulations.

2.7 Lecture 13: Review of Emergence by Jacome Armas

In this final lecture we will revisit some of the previous lectures and concepts and the students will
have the opportunity to questions about any part of the course. There is no workcollege this week.

3 Evaluation

The evaluation of the course is based on bi-monthly online quizzes on Canvas (60%) and an essay
written in English (40%).

3.1 Quizzes

The quizzes take place after every two lectures. The first 3 scheduled quizzes take place on Mondays,
specifically on the 15th of January, the 1st of March and the 15th of March at 16:30. You should
count on the total of 1h to answer each quiz. The quizzes contain conceptual questions or/and
mathematical/modelling exercises.

3.2 Essay

The essay combines philosophical aspects of emergence with modelling and simulation. We recommend
that you choose your essay topic after lecture 12 but of course you are welcome to start thinking
about it earlier. During the workcollege in the week of lecture 12 you will have the opportunity to
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get feedback on the your chosen topic. The essay should be of about 2500 words (excluding references
and footnotes). You should deliver the essay by midnight of the 30th of May.

There are two suggestions for possible essay topics:

1. Write an essay about a topic that interests you concerning emergence and make sure to include
a conceptual philosophical discussion as well as a discussion on simulations and mathematical
analysis. For instance Downward causation in consciousness studied using neural networks or
Critique of reductionism reinforced with examples from the game of life.

2. Pick an emergent phenomenon either from examples in the course or something that you like. You
will be given possible suggestions of models and examples by each teacher. Include conceptual
and philosophical discussions and include how you could study this using simulations (doing
simulations of new cases is not required).

4 Python

We will be simulating the models using python and in particular jupyter notebooks that you can run
online at jupyter.org. There you can upload notebooks, create your own, and download them again.
You can also install the desktop version. There is more information about how to install it here:
https://progbg.mprog.nl (you need to create an account). An open source book on python is available
here: http://greenteapress.com/thinkpython2/html/index.html

5 Questions during the course

There will be a Discussion open on Canvas where you can ask questions at any point during the
course. You can also contact me at j.armas@uva.nl or one of the workcollege teachers Simon Stuij at
s.g.stuij@uva.nl or David van der Berg at davidvandenberg@protonmail.com.
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