
COGS500 
Visual Attention

Boun, Nov 2019 
İ. Ayhan



William James

Harold Pashler, UCSD



Attention Induced Blindness



• Saccades: quick eye movements from one fixation location to another. 

• We make around 3 saccades per second!

Attention and Eye Movements

Not all parts of a scene are sampled equally 

Early eye tracking: 1920-30’s. Developed fastly through 1970’s.
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What determines where we look?

Bottom up factors: Characteristics of the scene: 

Stimulus salience - areas of stimuli that attract attention due to their properties: 
• Color, contrast, and orientation are relevant properties 
• Saliency maps show fixations are related to such properties in the initial scanning 
process



What determines where we look?

Top down factors: 

• Task or goals 
• Attention 

• Where to attend (spatial attention) 
• What features to attend to (feature-based attention)

The task has a strong influence on where you attend and look
Yarbus, A. L. (1967)

Spatial detail - High 
spatial frequency-
selective system

Global form / Distance 
relationship

Low spatial-frequency 
selective system

The gaze tends to 
j ump back and 
forth between the 
same parts of the 
s c e n e , f o r 
example, the eyes 
and mouth in the 
picture of a face.



What determines where we look?

Alfred Yarbus was a Russian psychologist who studied eye movements in the 1950s and 1960s

Science in Soviet Russia
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Yarbus also invented a suction cup, which can be attached by suction to the human eye to 
study visual perceptions in the absence of eye movements, a laboratory condition called 
retinal stabilization
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• We use spatial attention to highlight everything at a particular location

• Spatial Attention
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• An endogenous cue is presented in the center of the screen, usually at the 
same location as the center of focus. This cue relies on input from the central 
visual field.  

• An exogenous cue is presented outside of the center of focus, usually 
highlighting the left or right box presented on the screen (peripheral input). 
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1)#Spatial Covert Attention
• Types of(covert spatial attention:(Endogenous and Exogenous

• Sustained((endogenous)
voluntary,(or(by(instruction(in(laboratory(experiments:(“attend(left”.(

• willfully(monitor(information(at(a(given(location.( Goal oriented.
• 300(ms,(
• Affects(performance(only(under(high(noise(conditions.(
• Feedback(from(frontal(and(parietal(areas.

• transient((exogenous)
involuntary,(often(by(a(flash,(sound(or(any(sudden(change.

• automotaic orienting(response(to(allocation(where(sudden(stimulation(has(occurred.(
• It(raises(and(decays(quickly(peaking(about(100K120(ms. Faster(time(course.(
• allowing(us(to(respond(to(environmental(demands(and(react(quickly(to(stimuli
• Older(in(evolution.
• Can(operate(under(both(low(and(high(noise(conditions.(

• Spatial Attention

Saliency



• We use feature-based attention to highlight specific features throughout a scene.

• Feature-Based Attention

• i.e. speed or colour



• The Dissociation Between Visual Attention and Awareness

Kanai, R., Tsuchiya, N. & Verstraten, F. (2006). The scope and limits of top-down attention in unconscious visual processing. 
Current Biology, 16 (23), pp 2332–2336.

c

continuous flash suppression (CSF)

Tilt aftereffect
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Kanai, R., Tsuchiya, N. & Verstraten, F. (2006). The scope and limits of top-down attention in unconscious visual processing. 
Current Biology, 16 (23), pp 2332–2336.

Positive values indicate a slight tilt to rightwards direction after having adapted to  rightwards tilt



• The Dissociation Between Visual Attention and Awareness

Kanai, R., Tsuchiya, N. & Verstraten, F. (2006). The scope and limits of top-down attention in unconscious visual processing. 
Current Biology, 16 (23), pp 2332–2336.

feature-based attention can modulate the processing of invisible stimuli.
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Kanai, R., Tsuchiya, N. & Verstraten, F. (2006). The scope and limits of top-down attention in unconscious visual processing. 
Current Biology, 16 (23), pp 2332–2336.

feature-based attention can modulate the processing of invisible stimuli.



Koch, K. & Tsuchiya, N. (2006). Attention and consciousness: two distict brain processes. Trends in Cognitive Sciences, 11 (1), pp 16 – 22

• The Dissociation Between Visual Attention and Awareness



Adaptation:  In  lateral  masking  (visual 
crowding),  the  orientation  of  a  peripherally 
presented  grating  is  hidden  from  conscious 
sight but remains sufficiently potent to induce 
an orientation- dependent aftereffect 

Priming:  priming  has  been  elicited  for  invisible 
words (suppressed by a combination of forward and 
backward  masking),  but  only  if  the  subject  was 
attending to  the invisible  prime–target  pair  (specific 
temporal window) 

Adaptation: feature-based attention can spread to invisible stimuli (the previous study we discussed) 

Visual Search: when searching for an object in a cluttered scene (e.g. keys in a messy room), attention is paid to 
an invisible object and its associated features. This research shows that attentional selection does not necessarily 
engender conscious sensation. 

• The Dissociation Between Visual Attention and Awareness



21

• The Dissociation Between Visual Attention and Awareness

Visual  Crowding:  priming  has  been  elicited 
for  invisible  words  (suppressed  by  a 
combination  of  forward  and  backward 
masking), but only if the subject was attending 
to  the  invisible  prime–target  pair  (specific 
temporal window) 



Priming:  priming  has  been  elicited  for 
invisible  words  (suppressed  by  a 
combination  of  forward  and  backward 
masking),  but  only  if  the  subject  was 
attending to the invisible prime–target pair 
(specific temporal window) 

• The Dissociation Between Visual Attention and Awareness

Subjects were told that they would see a target number between 1 and 9, excluding 5, and 
that they would have to com- pare it with a fixed standard of 5, pressing the right button for 
targets larger than 5 and the left button for targets smaller than 5. Unbeknownst to them, 
another number, surrounded by geometric masks that made it invisible, was presented for 29 
ms immediately before the target. 
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Koch, K. & Tsuchiya, N. (2006). Attention and consciousness: two distinct brain processes. Trends in Cognitive Sciences, 11 (1), pp 16 – 22

• The Dissociation Between Visual Attention and Awareness

Gist: when a photograph was briefly flashed unexpectedly onto a screen, subjects could accurately report a 
summary of the photograph. In a mere 30 ms presentation time, the gist of a scene can be apprehended. 

Animal & gender detection in dual tasks: With focal attention busy at the center, subjects can determine 
whether a scene contains an animal (or a vehicle) but are unable to distinguish between a red–green and a 
green–red disk >> And they are not guessing: they can be confident of their discrimination choices and 
‘see’, albeit often indistinctly, the peripheral stimuli. 

Pop-out in search: Saliency
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• The Dissociation Between Visual Attention and Awareness

Animal & gender detection in dual tasks: With focal attention busy at the center, subjects can determine 
whether a scene contains an animal (or a vehicle) but are unable to distinguish between a red–green and a 
green–red disk >> And they are not guessing: they can be confident of their discrimination choices and 
‘see’, albeit often indistinctly, the peripheral stimuli. 



• Zombie Behaviours





Without V1, how did these signals get to the dorsal pathway? 
There’s a second pathway to the dorsal stream that bypasses V1! 

Retina – Superior Colliculus - Pulvinar

The pulvinar works in a way that 
integrates cortical-subcortical 

processing.

Behavioral studies have shown that the SC is not needed for object recognition, but plays a 
critical role in the ability to direct behaviors toward specific objects >> gaze shifts 

Lesions of the pulvinar can result in neglect syndromes and attentional deficits



• Attention, eye movements, and memory allow you to ‘paint’ a coherent scene in your 
mind. 

BUT 

with an assumption that the outer world remains stable.

• Change Blindness



• Flicker Induced Change Blindness

• Observers are shown a picture with and without a missing element in an alternating 
fashion with a blank screen 

• Results show that the pictures had to alternate a number of times before the change 
was detected



fMRI responses in V1 are increased by spatial attention











Temporal Attention

- What pathway: how we 

identify objects

- Where pathway: how we 

locate those objects

- When pathway: how we 

compute when visual events 

occur

What are the mechanisms register time at the neuronal level?



Introduction

! There is enormous range of neural functions, from the microsecond delays 
of auditory processing to the measure of the seasons

! Some suggest an internal clock model: common neuronal mechanism for all 
timing operations, from visual to speech perception to timing a wide range of 
motor tasks 

! Others suggest that timing is distributed among different neural structures 

ranging from microseconds processing to millisecond 

! There are two broad classes of temporal analysis at these longer scales:

! metric – the judgment of duration or interval between events 

! ordinal – the judgment of order of events in a series (in this experiment)



Transcranial magnetic stimulation (TMS)

! In this experiment they used TMS 

to show temporal attention is 

lateralised via disrupting the 

electrical impulses produced in 

right parietal lobe. (proposed as 

when pathway)



Patients with lesion:

! They not only used TMS, they also used patients with lesion.

! Parietal control over spatial attention is strongly contralateral, whereas

the control of the right parietal cortex over temporal attention is bilateral: So 

different mechanisms?

! The difference between bilateral and contralateral effects is then diagnostic

of the contributions of spatial and temporal attention in tasks where both are 

involved



The processing of the temporal 

dimension

Inferior Parietal Lobe:

- has a major role in 

detecting visual 

events at 

unexpected 

locations 

- studies on patients 

who have lesions in 

the right IPL 

suggest a specific 

role for this area of 

the brain in 

perceptual abilities 

that require the 

analysis of time 

IPL: Its principal functions are related to perceptual-motor 
coordination (e.g., directing eye movements and reaching) and visual 

attention, which allows for visually-guided pointing, grasping, and 
object manipulation that can produce a desired effect. 



Apparent Motion Apparent motion task: Two frames with two 
dots each are alternated at a variable 
frequency

When the
interval between the 
frames is very short (at 
high frequency, >10 Hz), 
subjects can perceive 
only flickering dots and 
no motion is reported

At appropriate time
intervals (around a 
frequency of alternation 
of 7 or 8 Hz), subjects 
report motion
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Eadweard Muybridge, 19th century 
English photographer important for his pioneering work in photographic 
studies of motion, and early work in motion-picture projection

He invented zoopraksiskop 
device   accepted as the first 
projector device. 

Today, films are composed of 
24 snapshots per second.

Apparent Motion



i.e. High-Level Motion System (Lilac Chaser Illusion)



The right parietal lobe and bilateral 

control of transient attention

! Attentional mechanisms are involved in the perception of apparent motion

! Both spatial and temporal properties determine the perception of apparent 

motion and this enables us to:

! ask whether visual spatial and timing functions are sub-served by the 

same high-level neuronal substrates

! or whether they are distinct functions in the brain

! Spatial deficits following parietal damage are typically lateralized but other 

deficits, specifically temporal ones, have been found to be non-lateralized 

(bilateral)


