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Abstract:  

Understanding neural tuning is a fundamental problem in neuroscience. Most theories of 
neural representations descend from the Efficient Coding Hypothesis. This argues that 
neural populations are informatively encoding certain variables under biological efficiency 
constraints. While broadly successful for sensory encodings, it's been difficult to apply the 
same principles to cognitive representations (e.g. grid cells). We argue this is because 
many cognitive tasks require an internal model which is not captured by just efficiently 
encoding variables. To remedy this, we present a normative theory of neuronal 
computations using an internal model (i.e. answering: “if I take this action how will this 
variable change?"). We show this theory introduces additional constraints on the 
representation that alter the optimal representation, and we'll apply this theory in three 
settings. First, our theory provides a complete normative theory of multi-modular grid 
cells, and makes predictions we verify in data, such as the relative inter-modular angle. 
Second, we study the representation of shared structure in families of related tasks and 
show how it can be used to understand the representation of task structure in prefrontal 
cortex. Third, time permitting, we will apply the same ideas to families of action sequences, 
and show it can be used to understand supplementary motor responses. Neural activity is 
the substrate of the computations that undergird behaviour. To understand these 
computations we need theories that comprehensibly link (i.e. more than neural networks) 
computations and neural responses. Our theory hopes to build one such link. 
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