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Objective: 

-Describe a model of spatial attention (taking into account the various aspects of attention) based on the neural circuitry involved in the process.


-Compare a new model (RNA) to previously proposed models based on psychophysical phenomena, neurophysiological, and lesion data.

Aspects of attention to consider in a model:

Exertion of top down processing on attentional allocation

Automaticity of bottom-up stimulus driven attention (pop out)

“Spotlight” nature of attention

Capacity limited

Overt as well as covert attention

Inhibition of Return (IOR)

What neural mechanisms are responsible for:

Pop out effect?


V1  has been modeled as having the role of a saliency map, however, there are pop-out effects that V1 can not support, ie high level features which exceed the receptive field of V1 cells. 

The RNA accounts for this by including all areas from V1 to IT as sources for the saliency map.

Motion direction pop out?


SC (potential saliency map) cells are not motion selective, but they appear to be sensitive to motion contrast. 

Top-Down Processing in Conjunction Search?
Parietal lobe may be responsible for selecting the target location in all feature salience maps and suppress other locations
Inhibition of Return (IOR)?

Fronto-partietal descending top-down influences..

The SC is known to be involved but this involvement appears to depend on activation from the FEF and PEF (ipsilateral to the IOR). 

Previous models:

Saliency map (First proposed by Koch and Ullman)


In bottom-up processing the most salient object in a scene is most conspicuous. Target features pop out and the allocation of attentional processing is automatic or preattentive.


Saliency map implements parallel attentional processing in terms of a biological mechanism.

The way it works: it pools the outputs of different feature maps across space while retaining visual topography. The contents of the salience map compete in a winner take all fashion whereby attention is focused on the most salient location. 

Outstanding question: what is the neurobiological mechanism that contains this saliency map? 

Treisman’s Feature Integration Theory


Top-down control during serial search occurs when the target is no more salient than the distractors: requires directorial input to topographic feature maps from a “single master map of locations” Shipps states perhaps parietal cortex. This region would select the target location in all feature maps and suppress other locatons. (Paradigm used is the conjunction search paradigm)

But conjunction searches sometimes elicit pop out effects:

Color and depth or motion and depth

Wolfe’s Guided Search Model (GS2.0) takes this into account. Using a saliency map which is influences by top-down and bottom-up processing criteria. 

In this case top down influences are not specific to a location in space, but rather to a particular feature within the map.GS2.0 involves the pooling of the feature map output into the saliency map. 

This model does not include the mechanism by which features are actually recognized. It is assumed that the limited capacity of attentional resources is what leads to the serial treatment of the display items. 

DPZ model

Treats visual search as a parallel process. 

Feature biasing signal comes from IT cortex.

Posterior parietal acts like a saliency map and exerts further top-down processing on feature maps. Models these maps as the cortical embodiment of the focus of attention. Rather than attention being a separate mechanism- it is emergent from this system. Provides a computational account of biased competition theory. 

Makes no distinction between attentive and preattentive processes.

Selective Attention for Identification Model (SAIM)

Also based on salience of cortical maps to guide the spotlight.

Bottom-up processing based on visual input, and top-down processing based on a location map. Differs from RNA in that top-down processing is coming from object recognition system rather than individual feature bias. 

Pulvinar acts as a salience map which controls spatial selection.

Accounts for lesion data with neglect patients. 

Specifies limited capacity whereby the spotlight can only be in one place at a time. 

Bottom-up Attentional Processing in RNA model

The ventral pulvinar as the ultimate stage of pooling. 

And the stimulus driven attentional capture may be dependent on colliculo-thalamic interactions in which the fronto-parietal system has no involvement. (superior colliculus interacts with the pulvinar nucleus of the thalamus in creating a saliency map which determines bottom up aspects of attentional capture. 

Top-Down Attentional Processing in RNA model

Higher frontal or inferotemporal areas modulate the computation of salience.

FEF and PEF top down input imposes cognitive control over the locus of attention.

Focal attention itself is an emergent property of the system with no sharp divide between preattentive and attentive processes. 

Spotlight nature of Attention in RNA model

Spotlight arises form circuitry of thalamic pulvinar nucleus.  “Beam” of activity occurs across the topography of the pulvinar. Salience maps act to focus the beam. 

Overt and overt attention in the RNA model 

FEF and PEF utilize salience maps as cognitive maps of location capable of updating, remembering and translating goals, while incorporating IOR. 

LIP (PEF) may be important in reflexive saccades toward non-anticipated targets. FEF may be involved in shifting attention toward predicted targets. 

Covert attention  toward a particular location seems to be predicted by activity at a particular locus in terms of cortex. 

Parallel and Serial Processing in the RNA model

Accounts for both serial and parallel processes in attention. 

Pooling of salience information in RNA model

The SC likely pools salience information from the ventral pulvinar. 

