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How does the brain make an internal model of 

complex space?

This is important for:

• Navigation   • Memory   • Language



Major cortical brain systems



Major subcortical brain systems



Different kinds of spatial behaviour



Local behaviour referenced to the body



Habit-based behaviour controlled by 

the structure of the environment

Striatum



Long-range navigation based on an internal map

Hippocampus



How is all this done by neurons?



Studying knowledge formation at the single neuron level
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A compass in the brain: The head direction cells

Jeff TaubeJames Ranck

Note that this “compass” is 

not tied to magnetic North



Does this mean the brain uses 

a hexagonal grid reference?

A odometer in the brain: The grid cells

Edvard & May-Britt Moser

Torkel Hafting & Marianne Fyhn







Richard Morris

Morris showed that rats need their hippocampus to 

navigate across featureless terrain

Search path of 

normal rat

Search path of rat with 

hippocampal damage



Maguire showed that the hippocampus is needed for 

navigation in humans too

Eleanor 

Maguire



Fried and colleagues have found place cells in humans



What we know What we don’t know

How spatial neurons 

form a perceptual 

representation of 

immediate space

How these local 

representations are, 

themselves, related

The foundation of 

complex cognition



We think the grid cell map may be ‘multi-planar’ in 3D

Giulio Casali



Roddy Grieves

What happens in a volumetric space?



What is the future for the cognitive neuroscience of 

navigation?



DC Convention Center

Building spaces we can comprehend



Building navigable cities



Integrated technology



Multidimensional spaces



COGNAV (Cognitive navigation)


