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Introduction

1. Neurons in parietal cortex are modulated by the intention to act on a stimulus.

2. Compare neural responses to behaviorally irrelevant and behaviorally significant stimuli. 

3. Intention to perform an act can change the location to which a neuron responds. 

Attentional modulation of neural activity in parietal cortex

1. Monkey trained to look at a fixation point while seated in a primate chair.

2. Rewarded with water for maintaining fixation for a certain amount of time

3. Monkey runs through a number of behavioral responses until it finds the correct response and begins responding appropriately in a new task within a few trials.

4. Studied LIP neurons in five tasks designed to characterize different aspects of neuronal activity. 
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5. Single neuron was isolated and the location of its receptive field was established using the fixation task. 

a. Monkey initiates a trial by placing its hand on a contact bar, causing a spot of light to appear on the screen

b. Must only look at this point and not respond to another visual stimulus that appears elsewhere on the screen. 

c. Rewarded for maintaining fixation till the point dims and then release bar

d. The second stimulus is used to analyze visual properties of the neuron (location of receptive field and discharge intensity). 

6. Peripheral Attention task

a. Same as task fixation

b. Monkey must release bar when a peripheral stimulus dims.
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7. Remembered saccade task

a. Same as peripheral attention task

b. Monkey makes a saccade to the void location in which the peripheral stimulus appeared. Then maintain fixation when the stimulus reappears and then release bar when it dims. 

c. Results showed that neuronal activities were present even before the saccade indicating a visual, memory, attention and motor component. 
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8. Visual triggered saccade versus learned saccade task

a. Target appears briefly in receptive field simultaneous with fixation point going off.

b. Monkey saccades to target location. Target reappears and dims and monkey releases bar.

c. Learned saccade similar to visual triggered saccade but no saccade target appears. Monkey must make saccade to a learned location during the visual triggered trials. 

d. Results showed that neuron fires without stimulus presence I LIP and saccade-related activation is independent of visual stimulation in LIP.
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9. Remembered saccade task

a. Similar toe learned saccade, but there is an interval between disappearance of target and dim out of fixation

b. Results showed that neuron fires before saccade and the tonic activity reflects a memory trace. Left LIP neurons activate for fixation task and peripheral targets trigger minimal activity. Right LIP neurons activate for remembered saccade task and level of activity increases before target appears. 
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10. Summary

a. LIP responses don’t depend on vision or movement in isolation.

b. Encode an attended spatial location determined by

i. Recent sensory events

ii. Planned motor actions

c. Relate to spatial information, not only stimuli or motion

Intentional modulation of neuronal activity in parietal cortex

11. Memory trace task

a. Fixation on central point

b. Target presented outside of receptive field

c. New fixation point and monkey makes saccade

d. New fixation is so that the target location is in receptive field after the saccade

e. Results showed that LIP neurons respond when the previous target location comes into receptive field while saccade alone or stimulus alone cannot trigger them. 
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12. Intended saccade task

a. Monkey required to make the saccade that will bring target stimulus into receptive field.

b. Results showed that LIP neurons began to respond before saccade. Saccades and targets alone cannot trigger response.

Attention vs. Intention

13. Attention shift with no saccade task.

a. Monkey attends to peripheral fixation but fixates elsewhere. Target stimulus appears in the receptive field of the peripheral fixation point. 

b. Results showed no neuronal activity with shift in attention focus
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Conclusion

1. Intention and attention are modulated differently in LIP.

2. LIP neurons respond to the memory trace of a stimulus when an eye movement brings the spatial location of that stimulus into the receptive field. 

3. Some LIP neurons shift in anticipation of actual eye movement. 

4. While eye movements and attention normally coincide, underlying neural mechanisms are distinct and sub serve  different cognitive functions. 

5. Attention and intention are separate cognitive processes. 
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