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Egocentric
ÁPath integration

+ novel environments , in darkness

- prone to cumulative error

Á Landmark - guided navigation (route following )
+ spatially simple , quite sufficient in most situations
- still prone to forgetting , not appropriate in a changing environment, 

not very flexible

Allocentric
ÁCognitive maps

+ offers greatest flexibility , works in rapidly changing environments , 
allows for shortcuts and novel routes

- might be computationally demanding



ÁFirst proposed by Tolman in 1948



Place cells (OõKeefe& Dostrovsky,1971)

ÁPrincipal hippocampal cells - pyramidal cells

ÁFiring dependant on spatial location (place 
fields )

ÁNo simple topographical relationship between
the location of place cells and their respective
place fields

OõKeefe& Nadel (1978)



Morris (1981) watermaze studies

ÁNo local cues, no fixed escape formula
ÁRats with lesions to the hippocampus fail on this task
ÁWhen NMDA receptors in the brain are blocked

pharmacologically , rats perform poorly

But
ÁSutherland et al. (1987)



ÁDo humans use cognitive maps ?

ÁWhat is the role of human hippocampus ?
ÁIn animals , lesions to the hippocampus result in

disorientation

ÁIn humans , lesions to the hippocampus lead
primarily to amnesia (H.M.)

ÁNeuroimaging

ÁLesion studies

ÁSingle cell recordings



Method
āWe use positron emission tomography (PET) to scan

subjects while they navigated to locations in a familiar
virtual reality town ó

PET is a modern imaging technique , employed in oncology
and neuropsychology . 

Relies on an indirect measure of regional blood flow , which
is assumed to reflect increases in activity .

Alternative methods : CT and fMRI

http://en.wikipedia.org/wiki/Image:PET-image.jpg


Conditions
1 static condition (images of the virtual town )
3 dynamic conditions

- nav1 - the subject can head directly towards the goal
- nav2 - the subject is forced to take detours
- subjects follow a trail of arrows

Which active conditions require an allocentric representation of 
space, and which can rely on an egocentric navigation system?

Procedure
Subjects first allowed to explore the virtual reality town
Then scanned while performing in one of the 4 conditions

Nav trials were divided into succesful and unsuccesful trials for 
analysis



Results

Succesful navigation trials showed significant
activation of the right thippocampus as 
compared to the arrows task , as did
comparison of succesful and unsuccesful
navigation tasks



ÁāThe accuracy of heading measured across all
trials in nav1 covaried significantly with rCBF
in the right hippocampus and the right
inferior parietal cortex .ó

ÁāNot only is the right hippocampus more
active during navigation than trail - following , 
but the more accurate the navigation , the
more active it isó



Conclusion

ÁResults consistent with the hypothesis that the
(right ) hippocampus provides an allocentric 
representation of space

ÁActivity in the left hippocampus is also
associated with successful navigation , but does
not covary with the measure of accuracy of 
navigation . Perhaps it maintains the memory
trace of the appropriate destination and 
recollects the paths taken in the past



Á Hippocampus is not the only brain structure involved in
the navigation process

ÁThe right inferior parietal cortex uses this information to compute
the required body turns given the obstacles , the current heading
direction etc

ÁNav2 linked to left frontal activation . Explained by the need for 
strategy switching , planning and decision making

ÁActivity in the right caudate nucleus linked to the speed of 
movement

āWe have demonstrated the closest link yet between humans
and other mammals in the neural implementation of 
navigation ó



Evaluation

ÁNeuroimaging
+ non - invasive

+ living brain

+ normal as well as the abnormal

+ good temporal resolution (30s PET, 2 - 3s fMRI, 
allows for in - vivo imaging ))

+ good spatial resolution (2 - 3mm)

- Assumes that rCBF is correlated with neuronal
activity



Evaluation

ÁVirtual reality
+ Allows for funcional imaging in a movement task

- Movement in VR does not correspond to movement
in the real world (mouse or cursor versus muscle )

- Field of view usually narrower ; resolution might be 
compromised

- Subjects remain stationary throughout

- Requires a strong sense of āimmersion ó (Ruddle et 
al. 1997)



Other neuroimaging studies

ÁMaguire et al. (1997)
Á London taxi drivers were scanned as they recalled

routes around London. Right hippocampal
activation

ÁMaguire et al. 2000
ÁLondon taxi drivers have enlarged hippocampi , esp

posterior , relative to controls. Size correlated with
years of professional experience .


