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  Project description:  

The expression of complex cognitive abilities is usually ascribed to computations performed 

in various portions of the cortical tissue of the brain. The nature of such computations heavily 

relies on the dynamical repertoire that these networks are able to produce, in particular in 

terms of their collective states. 

For this reason, a statistical characterization of the properties of cortical activations is crucial 

for advancing our understanding of its function. In recent years unsupervised machine 

learning techniques (such as RBM and especially VAE) have been successfully applied to 

reconstruct the phase diagram of interacting physical systems such as the Ising model. The 

project aims at applying the same machine-learning based approach to neural activity sampled 

from cortical networks in order to investigate the presence of phase transitions and separate 

regimes of activity. 

This project offers the possibility to work at the intersection between machine learning, 

physics and neuroscience and will give the candidate the chance to familiarize with 

experimental dataset of different nature, and to develop expertise in advanced analysis 

techniques. Good programming skills (either in MATLAB or Python) and a general 

knowledge of machine learning theory are required. 

 
1 If more on-site supervisors are involved, please add their names as well. 



 
 

 

 

 Relevant literature:  

For examples of the machine learning techniques we are planning to employ: 

- Wetzel, S. J. Unsupervised learning of phase transitions: From principal 

component analysis to variational autoencoders. Phys Rev E 96, 022140 

(2017). 

- D’Angelo, F. & Böttcher, L. Learning the Ising model with generative neural 

networks. Phys Rev Res 2, 023266 (2020). 

For a description of the kind of data that is available for the analysis:  

- Pedrosa, R., & Battaglia, F. (2021). Combining cortical voltage imaging and 

hippocampal electrophysiology for investigating global, multi-time scale 

activity interactions in the brain. arXiv  

preprint arXiv:2112.02938 

 

 More information:  

If interested please email federico.stella@donders.ru.nl 

 
 


