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 The Delayed Spatial Alternation Task 



  

Two Issues 

 
1. SPATIAL ALTERNATION 
  Prefrontal rule learning 
2. DELAY 
  Hippocampal episodic memory 
  (Summarized in this presentation) 
 
 
 



  

Part I: Prefrontal Cortex 
Simulation 
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Zoom to Neuron Population 
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Three Presuppositions 

1. Rules are learned by associating states and 
actions represented by minicolumns in 
PFC 

2. Forward and reverse associations are 
learned with LTP while buffered by 
persistent spiking based on ADP 

3. Decisions are formed by converging 
reverse and forward spread 



  

1.1 Associating States and Actions 
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1.2 Represented in Minicolumns 

state action 



  

2.1 Forward and Reverse Associations 



  

2.2 Persistent Spiking based on ADP 
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2.2 Buffering Two Items 



  

2.2 Ordered Replacement in STM 



  

3. Converging Reverse and Forward Spread 



  

3. Convergence Elicits Decision 
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Part II: Hippocampus 

 



  

Three Presuppositions 

1. ECIII learns possible paths from each 
place 

2. DG-CA3 learns global temporal context 
for places previously visited 

3. Retrieval in CA1 is the result of 
converging reverse and forward spread 



  

 
ECIII recurrent fibres 
encode assocations 
between place cells. 
 
DG cells correspond 
to a time-specific 
context. They are 
associated with CA3 
place cells that 
activate in recently 
visited place fields 

1.&2. Associated Places and Temporal Context 



  

3. Convering Spatial and Temporal Contexts 
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Delayed Spatial Alternation, Hasselmo (Matlab) 
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Conclusion 

• Direct link between task behavior, spiking 
neurons and field potentials 

• PFC model achieves biological 
implementation of reinforcement learning 

• Allows modeling of both hippocampus 
dependent and independent task 
components 
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Theta phase precession data 
(from Mehta et al., 2002) 
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Response functions of converging DG-CA3 and ECIII to CA1 
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