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Introduction
I. History of the physiology of attention
a. Late 1800’s – frontal cortex

b. Mid 1900’s – Reticular activating system (RAS)

c. Modern day- RAS, but other subcortical and cortical areas as well

II. Strong correlation between performance of target-detection by humans and monkeys—from single neuron recordings in monkeys, we have begun to appreciate the distribution of attention mechanisms throughout the brain.
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a. In monkeys, areas associated with eyemovements were also active during covert attention shifts (superior colliculus, frontal eye fields (FEF), posterior parietal cortex)
b. These areas also active in humans (fMRI)
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Focus of this chapter: orienting network (made up of 6 brain areas)
RAS, superior colliculus, pulvinar, occipital lobe, parietal lobe and frontal lobe

The cortical areas play a greater role in mediating goal-driven attention shifts.

The subcortical areas play a greater role in mediating stimulus-driven attention shifts.

Subcortical attention mechanisms

[image: image3.emf]
RAS: control of overall arousal and attention
Superior colliculus:  localization of visual stimuli and control of saccades and stimulus-driven attention shifts

Inferior colliculus:  sound localization and perhaps stimulus-driven attention shifts to these sounds.

Superior colliculus


Plays the most important role in programming and executing saccades.  It’s primary function is to determine the locations of objects.  The neurons within it respond best when motion in their receptive field center and surround is in different directions.  
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SC has multiple layers.  Each layer has maps of visual and oculomotor space, and some neurons have both visual and oculomotor responsiveness.  

The upper layers (superficial) receive direct inputs from the retina, and the results of their processing are relayed to topographically organized maps in the pulvinar nucleaus.  The lower layers receive cortical inputs from visual areas in the frontal and parietal lobes—some evidence that many of these neurons are multimodal.


This region of the brain is very deep, so there haven’t been many human studies—mostly monkey work.


There are three types of neurons:

Visual neurons- location of visual stimuli

Motor neurons – destinations of impending eye movements

Visuomotor neurons – a combination of the two.  If stimulated = saccade.  These are modulated by attention while motor neurons are not.
Mediation of covert orienting
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Patients with PSP can still covertly shift attention—attention shifts are not failed saccades.
Mediation of IOR

May involve tagging locations so they can be referred back to in the future
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Frontocollicular Circuit

FEF- mediate attention shifts and saccades, primarily goal-driven EM, inhibits SC

If FEF is damaged, cannot suppress stimulus-driven EM to objects in periphery
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If SC is damaged people can still make goal-driven EM because the FEF and SC have a common output pathway to the brainstem centers that direct EM.

Orbital and Medial regions—inhibit and override stimulus-driven EM

Pulvinar Nucleus

High interconnectivity to other brain areas, which makes it good for:

(a) Serving as a gateway that relays stimulus-driven inputs to the cortex for further analysis

(b) Receiving cortical inputs required to coordinate this process (some goal-driven)

PN located at the posterior of the thalamus.  Role in attention not fully understood, but may be involved in covert orienting and attentional filtering.
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Pulvinar lesions disrupt attentional processing in humans
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Pulvinar damage can impair stimulus localization

Has a nasal-temporal input asymmetry
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Because the pulvinar is located between structures that are involved in stimulus-driven attention shifts and structures involved in goal-driven attention shifts, it has been suggested that the spatial map in the ventral pulvinar may function as a salience map, used to coordinate stimulus- and goal- driven attention shift signals.

Cortical attention mechanisms

Parietal and frontal lobes involved in covert orienting of attention.  Posterior parietal cortex contains spatial maps that are used for:
a) Determining the locations of objects

b) Integrating information about location with body movements so they can be directed with precision to a particular position in space.

Frontal lobe- goal-driven control of attention; and the selection, initiation, and inhibition of motor responses associate with attentional processing.

PFC (50% of frontal lobe) is considered the main source of goal-driven signals to other cortical areas.

Frontal and Parietal lobes may work together to mediate attentional disengagement and goal-driven shifts of attention.
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Parietal Cortex

Sensitive to where objects are rather than what they are.
Some of the parietal subregions related to attentional processing
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Human IPS/Monkey LIP

LIP neurons appear to play a role in orienting attention, show a rapid response to abrupt-onset stimuli and visual transients.
Human IPS shows a similar pattern of activation to monkey LIP.

· Sustained activation of IPS when paying attention to peripheral stimuli with or without EM.

· During voluntary orienting toward a spatial location before presentation of the target is detected.

Human TPJ/ Monkey area 7a

Neurons in these areas are activated during the performance of location-cuing tasks.  Appears to play a role in processing of targets after their onset.  During a target-detection task, its activation appears when the target is located.  When attention-orienting tasks are performed, more activation in TPJ when:

a) Target is at an unattended, unexpected location (invalid cue trial)

b) When it is relevant to the task
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Frontoparietal orienting network

Frontal and parietal cortical areas work together to mediate shifts of attention from one location to another.
Dorsal Network- bilateral
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Ventral Network- lateralized to the right hemisphere
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“Circuit breaker” for the dorsal network
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Evidence for this:
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Hemispheric asymmetry with the control of attention


Asymmetric activation found during attention shifts
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Integrating cortical and subcortical networks
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Shipp’s Expanded model
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Stimulus-Driven and Goal-Driven Attention Shifts

SC- mediating stimulus-driven attention shifts
Higher level cortical areas—goal driven attention shifts
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More evidence that SC is involved in shifting attention in stimulus-driven manner, and parietal cortex involved in attentional disengagement and shifting attention in a goal-driven manner.

Summary
Three subcortical areas are important for mediating attention shifts: RAS, superior colliculus, pulvinar.
· NT system of RAS- innervations of structures that mediate covert orienting

· SC- centrally involved in stimulus localization and calibration of stimulus-driven attention shifts

· Pulvinar- used during covert orienting esp. when target is surrounded by irrelevant distracters.

· SC and pulvinar work together to initiate stimulus-driven attention shifts

Two cortical areas involved in covert orienting: parietal and frontal lobes.

· Monkey LIP and human IPS- voluntary, goal-driven attention shifts

· TPJ- reorienting attention from an invalid-cue location to actual target location

· Parietal and frontal lobes work together to mediate goal-driven attention shifts.

· Bilateral dorsal network (IPS and FEF) mediates goal-driven shifts

· Right-lateralized ventral network (TPJ and VFC) mediates reorienting.

· TPJ- interrupts processing of IPS when attention needs to be disengaged and directed to a new stimulus.

· SPL- goal-driven attention shifts, planning and control

Thalamus- gateway between peripheral sensory structures and their associated cortical areas.
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