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  Project description:  

During sleep, neural activity in the hippocampus and neocortex has been found to 

reactivate aspects of its earlier, awake form. Experimentally, this replay has been 

extensively shown to mediate the consolidation of long-term declarative memories. 

Such findings raise questions about the role played by neural reactivations within the 

theoretical principles governing the ability of neural networks to acquire, organize, and 

deploy abstract knowledge starting from individual experiences.  

We aim at addressing this question by investigating the learning process within a neural 

network model of the hippocampal-cortical system. We will leverage on recent 

advancements in the field of machine learning to analyse the development of multi-layer 

neural representation of complex, hierarchical knowledge and the influence on it of the 

dynamical state of the network, especially during periods of offline processing.     

This project aims at combining the study of learning mechanisms in artificial and  

biological neural networks, therefore the candidate can expect to familiarize with 

various aspects of theoretical neuroscience research besides developing experience in 

the application of machine learning techniques. Good programming skills (in MATLAB 

or Python) and a general knowledge of machine learning. Familiarity with TensorFlow 

or PyTorch is a plus.  

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



 
 

 

 

 Relevant literature:  

For examples of the modelling techniques we are planning to employ: 

- Saxe, A. M., McClelland, J. L. & Ganguli, S. A mathematical theory of 

semantic development in deep neural networks. Proc National Acad 

Sci 116, 11537–11546 (2019). 

- Káli, S. & Dayan, P. Off-line replay maintains declarative memories in a 

model of hippocampal-neocortical interactions. Nature neuroscience 7, 

286–94 (2004). 

More information:  

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

 
 


