
Organizers 
Dr. Vanessa Ferdinand is an Omidyar Fellow at the Santa Fe Institute, where she researches 
language evolution and the coevolution of cognition and culture. She received a Ph.D. in 
Language Evolution from the University of Edinburgh and an M.Sc in Cognitive Science from 
the University of Amsterdam. She makes and plays banjos in her spare time.  
Interests/specialties: Information and inference in evolutionary processes, cultural evolution, 
language evolution 
 
Dr. Artemy Kolchinsky is a postdoctoral researcher at the Sante Fe Institute. He studies 
fundamental physical constraints on how information is processed in complex systems, whether 
in living cells, digital computers, or other processes. He is also using statistical physics to define 
a notion of semantic information, i.e. information that doesn't simply reflect correlations but 
rather the amount of meaning for a given system. Artemy holds a PhD from Indiana University, 
Bloomington with a specialization in complex systems and a minor in cognitive science.  
Interests/specialties: Information and statistical physics, information theoretic measures of 
complexity and modularity 

Proposed Mini-Workshop  
Format: 3 days, ~4 hours per day, ideal size is 15 students (20 max) 
Each day will consist of a lecture/tutorial combined with students running computational 
experiments/simulations, followed by discussion and small group work if desired 
 
Target audience: undergraduate students in any natural or social sciences, interested in 
understanding how information evolves in and structures complex systems  
 
Prerequisites: Python programming 

Day 1: Introduction to information theory 
Overview different derivations / justifications for entropy and mutual information: 

1. Shannon / source coding 
2. Entropy in statistical physics, MaxEnt principle 
3. Information theory in statistical inference and Bayesian statistics 
4. Gambling and information theory 

 
Discussion 
 
Computational experiments: 



1. Compute entropy / mutual information in a real-world dataset (e.g., bioinformatics 
datasets), evaluate strongly-correlated pairs 

2. Build a model of a Bayesian learner and compute information theoretic measures to 
understand information gain 

3. ??? 
 

Day 2: Information in biological evolution, physics, and 
proto-biology 
Part I: Information theory in biological evolution, evolution as “acquisition” of information 
 
Computational experiments: 

1. Run genetic algorithm, measure of increase in information in population 
 
Part II: Proto-biology / physics: information in physics 

1. Szilard engine, Maxwell’s demon, and Landauer’s principle 
2. Using information to extract work from environment 
3. Proto-life, physical constraints on information use by physical systems 

 

Day 3: Information in cultural evolution, cognition, and learning 
Part I: Information theory in cognitive science 

1. Learning as acquisition of information (and its formal equivalences to evolution) 
2. The “predictive brain” and the role of prediction and compression in cognition 

E.g.: information-theoretic principles behind segmentation, reaction time data, Bayesian 
surprise. 

 
Part II:  Cultural evolution 

1. Culture is anything that replicates by passing through a cognitive system. 
2. Interaction between cultural evolution and individual cognitive biases: how 

culturally-transmitted artifacts and behaviors adapt to cognitive constraints. 
 
Computational experiments: 

1. Students do a basic reaction time experiment and analyze their own data with 
information theoretic tools. 

2. Segment continuous text using the transition probabilities between letters. 
3. A computational model of cultural evolution via “iterated learning”. 

 
Goal: Demonstrate to students how framing things in information-theoretic terms can actually 
make psychological data and the cultural evolution data more understandable. 


