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Project summary :  
 

We know a lot about the brain’s processes of basic learning, and there is a rich array of modeling 
approaches that capture learning, perhaps most influentially reinforcement learning models. But a 
separate process, learning to learn or learning set, allows our learning to become more efficient and 
flexible through repeated learning experience. This is what happens when we engage in cognitive 
training – be it in education or in general life – so that our learning and decision-making become well 
adapted.  

 
The neural and computational bases of learning to learn are becoming an important topic in 

both computational/AI fields and neuroscience (e.g. Wang et al 2018), yet there remains much to be 
understood. In our team we study this using learning protocols and neurophysiological recordings in 
macaque monkeys, mainly recording in the prefrontal cortex that we have been shown to be critical to 
this function (Wilson & Gaffan 2008). We are interested in what happens – computationally and 
neurally – to render learning more efficient, and how other factors, in particular individual motivation 
– impact this process.  

 
The proposed internship project will have two principal goals.  
The first goal is to build a model of how monkeys learn in a specific task, and how that learning 

improves over time. An important aim will be to incorporate into that model factors that could explain 
(1) the improvement in learning over time of the animals, and (2) the impact of motivation within and 
between sessions on that learning. The model performance can eventually be compared to actual 
learning data from monkeys. Importantly, there are already modelling solutions for such tasks that can 
aid this process, but they have been applied to already acquired performance on these tasks – the key 
element here would be to describe the acquisition of that learning through a model.  

 
The second goal would be to take parameters from this model and seek neural correlates of 

them in an existing large dataset of neurophysiological recordings of macaques acquiring the tasks, 
using computationally inspired data analysis techniques.  
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The way in which this project is developed can be tailored, through discussion, to the specific 

interests of the intern. Several factors of interest could be modelled. For example: 
- Motivation modifies both PFC neural activity and progression in cognitive training 

dynamics (Botvinick & Braver 2015). We are interested in the computational basis of this, 
and colleagues have begun to try and model this sort of effect (Grohn et al 2024). 

- Uncertainty of feedback and outcomes is an important factor in the way tasks are acquired 
(Faraut et al 2016). 

 
This is therefore a fundamental research project, but the understanding it will bring should 

have important clinical implications - for example cognitive training forms a critical part of 
remediation strategies in learning impairments as well as recovery from brain injury, and changes in 
PFC dynamics are implicated in a range of pathologies including ADHD and OCD, as well as in aging.  

 
M2 interns will be able to interact with experimentalists during the internship, and if they wish 

they can experience elements of a monkey neurophysiology project in addition to their computational 
work. We work hard to give a good internship experience that covers the whole process of our research, 
and potential candidates are encouraged to contact previous interns to discuss. The data and the 
analysis approaches are highly promising. There is certainly the potential for a motivated student to 
obtain a publication from the work in the internship. 
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