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Introduction

1. How can competition between multiple objects be resolved?

a. Target stimulus (vertical line) identified among distracters at different angles

b. 1A can be detected quickly cause of its salience (bottom up)

c. 1B requires active search (top down)

d. 1C spatial cueing can facilitate line identification.
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2. Current paper discusses mechanisms of selective attention in human VC 

3. Describe evidence for competition among visual stimuli 

4. Mechanisms of attentional top down bias in visual cortical areas

5. Sources for controlling top down bias

6. Relate attention to working memory

Competition for neural representation in the object vision pathway

Organization of Visual cortex

1. Two pathways – originate in V1 

a. Ventral stream (Occipotemporal) – What pathway for identification of objects

i. Areas V4, TEO, TE (neurons are selective for shape, color and texture)

ii. Receptive field increases from V1 to temporal lobe (object features to global features) 

b. Dorsal stream (Occipoparietal) – Where pathway for visuo-spatial representations

i. Areas MT 

ii. Neurons respond selectively to direction and motion speed.
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2. Evidence of bottom up and top down influences between areas and areas are reciprocally connected. 

3. Feedback projections exist from both prefrontal and parietal cortex. 

4. fMRI studies show that occipotemporal cortex for object identification and occipoparietal cortex for visual spatial processing. 

5. Increase in complexity as processing moves from posterior to anterior regions of VC. 

Sensory suppression among multiple visual stimuli

1. IF a single good stimulus elicited high firing rate and a single poor stimulus a low firing rate, the response when the two are presented together is an average of the two. (Mutually suppressive interaction

2. Sensory suppression demonstrated by reduced activity in V2, V4 and TEO
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3. Kastner et al and Pinsk et al showed that the effect of sensory suppression was inversely related to spatial positioning of stimuli by increasing degree of separation between stimuli and showing reduction of suppression in more posterior regions

Effects of Attentional Top-Down Bias in Visual Cortex

1. Selective attention can modulate neural processing in visual cortex (top down bias)

2. Top down biasing due to visual attention affects neural processing

a. Enhancement of neural responses to an attended stimulus

b. Filtering of unwanted information by counteracting the suppression induced by nearby distracters

c. Biasing of signals in favor of an attention location by increases of baseline activity in the absence of visual stimulation

d. Increase of stimulus salience by enhancing the neuron’s sensitivity to stimulus contrast

Response enhancement

1. Single-cell studies show that when attention is directed while maintaining fixation, it enhances neural response to a single stimulus within receptive field. Shown in V1, V2, V4, MT and LIP.

2. Human studies show same results with directing attention with enhancement occurring 80-130ms after onset.

3. Similar results when attention was biased for stimulus attributes like color, luminance, orientation and motion direction.

4. Enhancements were localized by specific areas *shape and color – V4, speed- MT

Filtering of unwanted information

1. Sensory suppressive interactions can be modulated by directed attention

2. V2 and V2, spatially directed attention to an effective stimulus within a neurons RF eliminated the suppressive influence of a second stimulus presented within the same RF.

3. Attention may resolve competition among multiple stimuli by counteracting suppression from nearby stimuli and enhancing processing of the attended stimulus (important mechanism for filtering).

4. fMRI studies showed directing attention to display (variation of the figure above) enhances responses to both sequentially and simultaneously presented stimuli. 

a. Sequential and simultaneous and attended and unattended visual presentations were tested

b. During unattended, attention was directed away from display by having subjects count letters T or L at fixation.

c. Attended – attention was paid to the stimulus location closest to fixation and count occurrences of one of the four stimuli (indicated before scan). 
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5. =Findings confirmed effects of attentional response enhancement. 

6. Directed attention led to greater increases of fMRI signals to simultaneously presented stimuli than to sequentially presented stimuli. 

7. Attention partially cancelled out suppressive interactions among competing stimuli. 

8. Attentional response enhancement increased from early to later stages of processing (absent in V1 and stronger in V4 and TEO). Supports top down control effects in later stages of processing.

Increases of Baseline Activity

1. Attentional top-down biasing signals can be obtained in the absence of visual stimulation. Baseline rates were 30-40% higher in single cells in V2 and V4 when an animal was cued to attend to a location before stimulus was presented. Also shown in dorsal stream LIP. 

2. Indicates top-down feedback, biasing neurons representing attended location and favoring stimuli that will appear there. 

3. Same task as above, but also added an expectation period preceding attended presentations. Expectation period told subjects where to attend. 

4. 5B shows that fMRI signals increased during expectation period before stimuli were presented. The baseline increase was followed by further increase of activity evoked by stimulus. Found in all visual areas with representation of attended location but strongest in V4. 
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Increases in Response Sensitivity

1. Single-cell recordings in animal studies (Reynolds et al 1996) demonstrated that neurons in V4 responded more to an attended stimulus as if its salience had been increased; a high-contrast stimulus presented with a low-contrast stimulus dominated neuron’s responses; similarly for MT neurons. 

2. Top down attention was counteracting bottom up mechanisms. 
Source Areas Generating Top-Down Bias

1. Top down biasing signals derive from areas outside visual cortex and are transmitted via feedback projections to visual cortex
Lesion studies

1. Patients with lesions show that attention in visual field contra lateral to lesion will be affected

2. Visual-spatial neglect – patients ignore visual hemi field contra lateral to lesion
a. Areas include inferior parietal cortex, temporo-parietal junction, frontal lobe, anterior cingulate cortex, basal ganglia and pulvinar. 
3. Visual Extinction – ignore stimulus in hemi field contra lateral to the lesion but only if it appears simultaneously with the stimulus in the other hemi field.
4. Bottom mechanisms are preserved even in neglected hemi fields. 

Functional Brain Imaging Studies

1. Network of brain regions associated with top down directed attention

a. SPL, FEF, SEF and ACC.

2. Tasks require participants to maintain fixation and direct attention to detect, discriminate or track motion of a stimulus. 

3. Areas activate independent of task suggesting a general attention network

4. Do not coincide with right-dominance of attention as demonstrated by lesion studies. Symmetrical activation independent of hemi field

5. SPL most involved in visuo-spatial attention whereas lesion studies say IPL.

6. Network for specific attributes not as clear

a. Speed and color produce similar activations as spatially directed attention

b. Could involve SPL and cerebellum

c. Globes pallidus, caudate, thalamus, pre-motor and OFC.

7. SPL, FEF and SEF anatomically interconnected.

a. FEF and SEF connected with ventral stream; posterior PC connected with ventral stream via LIP

b. Posterior parietal responsive to salience and FEF and SEF responsive to preparation of eye movements and shifts of attention

c. Parietal and frontal regions related more to attention than visual processing

Attention and Working memory

1. WM holds necessary information while selectively attending or remembering spatial location. 

2. Attention and WM can induce top-down bias in visual cortex in absence of sensory input. 

3. Chelazzi et al studied neural responses in IT during visual search task in monkeys. Monkey had to hold a cue in working memory for several seconds and find a matching target from an array after delay. 

4. Cells showed higher firing rate when cue was a preferred one for the neuron than non-preferred. 

5. Also shown in functional brain imaging studies.

6. Lesion and deactivation studies in monkeys suggest top-down signals related to working memory are generated in PFC. 

7. Neurons in ventral PF areas have delay activity that is related to object information and neurons in dorsal prefrontal areas have delay activity related to location information. 

8. fMRI studies showed that working memory for objects activated IFG and WM for spatial locations activated dorsal regions. 

9. Spatial WM areas are in close proximity to areas activated in visuospatial attention tasks like FEF and SEF. 
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Summary and Conclusions

1. There is competition among multiple stimuli for representation in visual cortex. (mutually suppressive)

2. Competition among multiple stimuli can be biased by both bottom-up, sensory-driven mechanisms and top-down feedback mechanisms. I.e. stimulus salience or selective attention. 

a. Leads to enhancement of neural responses to attended stimuli

b. Filters unwanted information by counteracting suppression induced by distracters

c. Attended location increases baseline activity in absence of visual stimulation

d. Increase of stimulus salience by enhancing neuron’s sensitivity to stimulus contrast.

3. Source of top-down biasing signals derives from a network of areas outside visual cortex. 

4. Frontal and parietal areas do not reflect attentional modulation of visually evoked responses, rather reflect attentional operations themselves

5. Spatially directed attention and spatial WM may be related processes sharing common neural circuitry. 

6. Winning stimulus will gain further access to memory systems for encoding and retrieval and to motor systems for guiding action and behavior. 
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