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Overview

• The Anatomy of Attention

• The Neuropsychology of Attention

• Models of Attention

• Neural Mechanisms of Attention and 
Perceptual Selection

• Attentional Control Networks





“Everyone knows what attention 
is. It is the taking possession by 
the mind, in clear and vivid form, 
of one out of what seem several 
simultaneously possible objects 
or trains of thought. Focalization, 
concentration of consciousness 
are of its essence. It implies
withdrawal from some things in 
order to deal effectively with 
others, and is a condition which 
has a real opposite in the 
confused, dazed, scatterbrain 
state.” (James, 1890)

William James



Attention

• Definition

• Attention is the process by which the mind chooses from 
among the various stimuli that strike the senses at any given 
moment.

• Selective attention

• Top down

• Bottom up



Neuropsychology of Attention

The major regions of the brain involved in attention are portions of the 
frontal and parietal lobes and subcortical structures, including parts of 
the thalamus and the superior colliculi.



Hemispatial neglect

• Hemispatial neglect, (also called hemiagnosia, hemineglect, 
unilateral neglect, spatial neglect, contralateral neglect, unilateral 
visual inattention, hemi-inattention, neglect syndrome or 
contralateral hemispatialagnosia) is a neuropsychological condition 
in which, after damage to one hemisphere of the brain is sustained, 
a deficit in attention to and awareness of one side of space is 
observed. 

• It is defined by the inability of a person to process and perceive 
stimuli on one side of the body or environment that is not due to a 
lack of sensation.[

http://en.wikipedia.org/wiki/Hemispatial_neglect#cite_note-Unsworth-1


Self-portraits by the late German 
artist Anton Raederscheidt, 
painted at different times following 
a severe right-hemisphere stroke, 
which left him with neglect to 
contralesional space.



Neuropsychological Tests of Attention

• Line Bisection

Patients suffering from neglect are given a sheet of paper containing 
many horizontal lines and asked under free-viewing conditions to 
bisect the lines precisely in the middle with a vertical line. 



Neuropsychological Tests of Attention

• Line Bisection

They tend to bisect the lines to the right (for a right-hemisphere lesion) 
of the midline of each page and/or each line, owing to neglect for 
contralesional space and the contralesional side of individual objects.



Neuropsychological Tests of Attention

• Gaze Bias

Figure 7.4: Gaze bias in 
neglect patients.
Neglect patients (top) show 
an ipsilesional gaze bias 
while searching for a target 
letter in a letter array (blue 
traces) and at rest (green 
traces). Non-neglect 
patients (bottom) showed 
no bias.



Unilateral Spatial Neglect

• Why does damage on the right side appear to 
result in more severe outcomes? 

 The right hemisphere is biased toward more global processing (low 
frequency) and the left toward local processing (high frequency).



Visual recollections of two ends of an Italian piazza by a neglect 
patient. 
The neglected side in visual memory (shaded gray) was contralateral 
to the side with cortical damage. The actual study was performed 
using the famous Piazza del Duomo in Milan.



Examination of a patient recovering from a cortical stroke. 
(a) The doctor holds up a pocket comb and asks the patient what he 
sees. The patient reports seeing the comb. (b) The doctor then holds up 
a spoon, and the patient reports seeing the spoon too. (c) But when the 
doctor holds up both the spoon and the comb at the same time, the 
patient says he can see only one object at a time. The patient has 
Bálint’s syndrome: http://www.youtube.com/watch?v=4odhSq46vtU



Disorders of Attention

• How do neglect and Bálint’s syndrome differ?
 Bálint syndrome

 Paralysis of gaze (difficulty with peripheral field)
 Optic ataxia, in which the patient cannot use visual information to accurately 

coordinate actions 
 Difficulty attending to the peripheral fields when actively attending to the 

environment 
 Performance may be worse in one hemifield than in the other.

 Neglect
 Poor search in the neglected field
 Failure to orient self or objects correctly (failure to account for ignored side of 

space)
 Inaccurate determination of midline
 Hypomotility on left
 Anosognosia (질병자각증결여, 질병부인)



In this test the neurologist sits facing the patient and holds up both 
hands with the index fingers extended. The neurologist then wiggles 
one of the fingers and asks the patient to point to the wiggled finger. A 
patient with neglect will correctly point to either finger. However, if the 
neurologist wiggles both fingers, the patient will only see the one 
ipsilateral to the lesions and will not detect the contralateral finger if the 
ipsilateral one is wiggling at the same time. It is as if the ipsilateral 
stimulation has captured the patient's attention.



To a patient with a right-hemisphere lesion from a stroke, a 
neurologist presented a visual stimulus (raised fingers) first in the left 
hemifield (a) and then in the right hemifield (b). The patient correctly 
detected and responded (by pointing) to the stimuli if presented one 
at a time, demonstrating an ability to see both stimuli and therefore 
no major visual field defects.



When the stimuli were presented simultaneously in the left and right 
visual fields (c), however, the patient reported seeing only the one in 
the right visual field. This effect is called extinction because the 
simultaneous presence of the stimulus in the patient’s right field leads 
to the stimulus on the left of the patient being extinguished from 
awareness.



Extinction-like reaction time pattern in patients 
with unilateral lesions of the parietal cortex.

Part of visual space, that side impacted 
by a lesion, has been extinguished, or 
removed from the patient’s awareness. 
Patients who have damage to their 
posterior parietal lobes, particularly on 
the right side, sometimes exhibit a 
disorder known as contralateral 
hemifield neglect. They have normal 
visual acuity but are unable to properly 
attend to locations in visual space 
opposite to the lesioned side of the 
brain. The classic test for neglect is 
called double simultaneous extinction. 



Models of Attention

• Voluntary attention (top-down)

• Reflexive attention (bottom-up)

• Overt attention

• Covert attention



Helmholz and Covert Attention



Divided Attention

• Cocktail Party Effect

Originally proposed by Colin Cherry, 
this is the ability to follow one 
conversation in the presence of many 
other simultaneous conversations.

Divided attention is more challenging 
to maintain when tasks are difficult, 
require conscious attention, and are 
similar to other tasks.

Divided attention is easier to 
maintain when you engage in a well-
practiced task that requires little 
conscious awareness, is not difficult, 
and is not similar to other tasks.



Dichotic Listening

Different auditory information (stories) are presented to each ear of a 
participant. The participant is asked to “shadow” (immediately repeat) 
the auditory stimuli from one ear’s input (e.g., shadow the left-ear 
story and ignore the right-ear input).
Shadowing: Listening to two different messages and repeating back 
only one of the messages as soon as possible after you hear it. 



Limited capacity



Broadbent’s model of selective attention. 
In this model, a gating mechanism determines what limited 
information is passed on for higher level analysis. The gating 
mechanism shown here takes the form of descending influences on 
early perceptual processing, under the control of higher order 
executive processes. The gating mechanism is needed at stages where 
processing has limited capacity.



Early versus late selection of information processing.
Early-selection mechanisms of attention would influence the processing 
of sensory inputs before the completion of perceptual analyses. In 
contrast, late-selection mechanisms of attention would act only after 
the complete perceptual processing of the sensory inputs, at stages 
where the information had been recoded as a semantic or categorical 
representation (e.g., “chair”).



A participant sits in front of a 
computer screen, fixates on the 
central cross, and is told never to 
deviate eye fixation from the cross. 
An arrow cue indicates which visual 
hemifield the participant should 
covertly attend to. The cue is then 
followed by a target (the white box) 
in either the correctly cued (a) or 
the incorrectly cued (b) location. On 
other trials (c), the cue (e.g., 
double-headed arrow) tells the 
participant that it is equally likely 
that the target will appear in the 
right or left location.





Quantifying Spatial Attention

• How does ‘manipulating the cue’ impact performance?



A sound was played to a cat through 
a loudspeaker under three 
conditions while recordings from the 
cochlear nucleus in the brainstem 
were obtained. (a) While the animal 
sits passively in the cage listening to 
sounds, the evoked response from 
the cochlear nucleus is robust. (b) 
The animal’s attention is attracted 
away from the sounds that it is 
hearing to visual objects of interest 
(a mouse in a jar). (c) The animal is 
once again resting and passively 
hearing sounds. The arrows indicate 
the responses of interest, and the 
horizontal lines indicate the onsets 
and offsets of the sounds from the 
loudspeaker.



ERP in Dichotic Listening

The solid line represents the 
idealized average voltage 
response to an attended 
input over time; the dashed 
line, the response to an 
unattended input. Hillyard
and colleagues found that 
the amplitude of the N1 
component was enhanced 
when attending to the 
stimulus compared to 
ignoring the stimulus.



Attentional Capacity

• Limitations: What is the evidence for a limited 
capacity?

• Bottlenecks: Is the bottleneck early or late in 
the selection process?



Early versus Late Selection Models

• Early • Late



Sensory ERPs recorded from a single right occipital scalp electrode in 
response to the left field stimulus.



The waveform shows a series 
of characteristic positive and 
negative voltage deflections 
over time, called ERP 
components. Notice that the 
positive voltage is plotted 
downward. Their names 
reflect their voltage (P = 
positive; N = negative) and 
their order of appearance 
(e.g., 1 = first deflection). 
Attended stimuli (red trace) 
elicit ERPs with greater 
amplitude than do 
unattended stimuli (dashed 
blue trace).



Quantifying Spatial Attention

• Modulating Activity in V4

The areas circled by dashed lines indicate the attended locations for each 
trial. A red bar is an effective sensory stimulus, and a green bar is an 
ineffective sensory stimulus for this neuron. The neuronal firing rates are 
shown to the right of each monkey head. 



• Modulating Activity in V4

(a) When the animal attended to the red bar, the V4 neuron gave a 
good response. (b) When the animal attended to the green bar, a poor 
response was generated. The neuronal firing rates are shown to the 
right of each monkey head. The first burst of activity in each image is 
to the cue, and the second burst is to the target array.



Quantifying Spatial Attention

TASK: The stimulus sequence began 
with a fixation point and two color 
locations that would serve as saccade 
targets. Then two flickering black-and-
white patches appeared, one over the 
neuron’s receptive field and the other 
in the opposite visual field. Before the 
onset of the stimuli, the monkey was 
instructed which of the two patches to 
attend. The monkey had been trained 
to covertly attend the indicated patch 
to detect a small color pixel that 
would signal where a subsequent 
saccade of the eyes was to be made 
(to the matching color) for a reward. 



The spatiotemporal receptive field of the neuron when unattended (attend opposite 
visual field patch) and when attended. Each of the eight panels corresponds to the 
same spatial location as that of the black-and-white stimulus over the neuron’s 
receptive field. The excitatory (red) and inhibitory (blue) regions of the receptive field 
are evident; they are largest from 23.5 to 70 ms after stimulus onset (middle two 
panels). 



The amplitudes of the responses were larger when attended than 
when unattended. This difference can be seen in these receptive-field 
maps.



Quantifying Spatial Attention

• fMRI and Selective Attention

The effects of spatial 
attention were 
activations in the visual 
cortex contralateral to 
the attended hemifield. 

The regions activated 
by attention (black 
outline) were found 
to cross multiple early 
visual areas. 



Quantifying Spatial Attention

• Attended versus Unattended

Panel (a) shows the retinotopic mappings of the left visual field for each 
participant, corresponding to the polar angles shown at right (which 
represents the left visual field). Panel (b) shows the attention-related 
modulations (attended versus unattended) of sensory responses to a 
target in the upper left quadrant (the quadrant to which attention was 
directed is shown at right in red). 



Quantifying Spatial Attention

• Attended versus Unattended

Panel (c) shows the same for stimuli in the lower left quadrant. In (b) 
and (c), the yellow-to-red colors indicate areas where activity was 
greater when the stimulus was attended to than when ignored; the 
bluish colors represent the opposite, where the activity was greater 
when the stimulus was ignored than when attended. 



Biased Competition Model

Competing stimuli were presented either sequentially (a) or 
simultaneously (b). During the attention condition, covert attention 
was directed to the stimulus closest to the point of fixation (FP), and 
the other stimuli were merely distracters.

When stimuli are competing for attention, the attention directed 
(covertly or overtly) biases the competition. 

The most prominent attentional effects should be seen when 
competition is strongest. 



Coronal MRI section in one 
participant, where the pure 
sensory responses in 
multiple visual areas are 
mapped with meridian 
mapping 



The percentage of signal changes over time in areas V1 and V4 as a function of whether the 
stimuli were presented in the sequential (SEQ) or simultaneous (SIM) condition, and as a 
function of whether they were unattended (left) or whether attention was directed to the target 
stimulus (right, shaded blue). In V4 especially, the amplitudes during the SEQ and SIM conditions 
were more similar when attention was directed to the target stimulus (shaded blue areas at 
right) than when it was not (unshaded areas).



Competition and the Scale of Objects

• Does Size Matter?

The same stimulus can occupy a different sized region of visual space 
depending on its distance from the observer. 



(a) Example of an entire stimulus array from the 
spatial scale experiment. (b–c) Examples of the 
stimuli within a single quadrant of the array 
with the target at small (b) and large (c) scales. 



MEG measures for the N2pc effect (an ERP reflecting focused attention) from 250 to 300 ms 
after the onset of the array, from a single volunteer. Large-scale trials (top rows) and small-scale 
trials (bottom rows) are shown on a ventral view (left panel images) and a left lateral view 
(right panel images) of the right hemisphere. For the small-scale trials, the activity in the brain 
is more posterior, reflecting neural responses from earlier stages of the visual system.



(a) Before stimulus onset, an arrow cue at fixation instructed the 
participants which hemifield to attend. Next, a checkerboard stimuli 
presented bilaterally for 18 s (shown as blue shaded area in c). The task 
was to detect randomly occurring luminance changes in the flickering 
checks in the cued hemifield. 



(b) Functional MRI activations (increased BOLD responses) were 
observed in the LGN (red box) and in multiple visual cortical areas 
(green box). (c) Increased activations were seen when the stimulus in 
the hemifield contralateral to the brain region being measured was 
attended. The effect was observed both in the LGN (top) and in multiple 
visual cortical areas (bottom).





The solid lines show the 
amplitude of the neuronal 
response (spikes per second) 
when a light bar was flashed 
within the neuron’s RF and 
attention was directed there 
(ATT in = attend in the receptive 
field). 
Dashed traces are also 
responses to a light bar being 
flashed within the neuron’s 
receptive field, but under the 
condition where attention was 
directed elsewhere (ATT out = 
attend outside the receptive 
field). The dashed vertical line 
is the stimulus onset. 



(a) Responses of a 
parvocellular lateral 
geniculate nucleus neuron 
(LGNp), which is a thalamic 
relay neuron projecting to V1. 
(b) Responses of a sample 
thalamic reticular nucleus 
(TRN) neuron, which is not a 
relay neuron from retina to 
cortex, but instead receives 
descending neuronal inputs 
from cortex, and can inhibit 
the LGN relays neuron via an 
interneuron (see Figure 7.26).



(a–d) Stimuli and task sequence in 
the spatial cuing design. Participants 
were shown an arrow cuing them to 
the left or right visual field. After a 
delay of 500 to 1,000 ms, they were 
shown either a target (a) or TMS-
induced phosphenes (b) at the 
attended location, or a target (c) or 
TMS-induced phosphenes (d) at the 
unattended location. (e) Cuing 
produced the well-known reaction 
time benefits on target processing: 
Targets at the attended location were 
detected faster. (f) Similarly, the 
phosphene threshold (PT) was lower 
for TMS-induced phosphenes at the 
attended location.



(a) When attention is reflexively attracted to a location by an 
irrelevant abrupt onset of a visual stimulus, reaction times to 
subsequent targets presented to that same location are facilitated for 
short periods of time, as described in the text. 



(b) When ERPs are measured to these targets, the same cortical response (P1 wave) that is 
affected by voluntary spatial attention is enhanced by reflexive attention for short cue-to-target 
interstimulus intervals (ISIs). The time course of this reflexive attention effect is not the same as 
that for voluntary cuing, but it is similar to the pattern observed in reaction times during 
reflexive cuing. The enhanced response is replaced within a few hundred milliseconds by a 
relative inhibition of the P1 response (right).

reflexive attention Voluntary cuing



ERP and Reflexive Cuing

(b) When ERPs are measured to these targets, 
the same cortical response (P1 wave—see 
yellow shaded time period) that is affected by 
voluntary spatial attention is enhanced by 
reflexive attention(dotted versus solid lines at 
left) for short cue-to-target interstimulus
intervals (ISIs). The time course of this reflexive 
attention effect is not the same as that for 
voluntary cuing, but it is similar to the pattern 
observed in reaction times during reflexive 
cuing. The enhanced response is replaced 
within a few hundred milliseconds by a relative 
inhibition of the P1 response (right).



Inhibition of Return (IOR)

• Occurs when orienting toward a previously 
viewed object or when the location is suppressed



Feature Attention

• Stimulus Features

• Spatial Attention versus ‘Feature Attention’

• Role of Salience
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Searching: Feature Integration Theory

• Targets

• Distracters

(a) A search array with a pop-out target (red O). 
Stimuli are said to pop out when they can be 
identified from among distracter stimuli by a simple 
single feature and the observer can find the target 
without searching the entire array. (b) A search 
array in which the target (red O) is defined by a 
conjunction of features shared with the distracters. 
(c) Idealized plot of reaction times as a function of 
set size (the number of items in the array) during 
visual search for pop-out stimuli versus feature 
conjunction stimuli. In pop-out searches, where an 
item can be distinguished from distracters by a 
single feature, the participants’ reaction times do 
not increase as much because of set size as they do 
in conjunction searches.



• (a) Stimuli were shown to participants, who were told to search for 
either a blue or green “t” on each trial, and to indicate with a button 
push whether that item was upright or inverted. The red “t’s” were 
always irrelevant distracters. An irrelevant white outlined square was 
flashed (50 ms duration) as a probe stimulus either around the blue 
or green “t.” 

• Moreover, the white probe could be flashed around the blue or 
green item when the colored item was the target, or when it was 
merely an irrelevant distracter. 

• In this way, the amplitude of the probe ERP could be taken as an 
index of the location and strength of spatial attention just after the 
onset of the search array, at the point where participants would have 
located the target and discriminated its form (upright or inverted). 
The white probe was flashed either 250 ms or 400 ms after the onset 
search array. The search array remained on the screen for 700 ms.



How Does Relevance Impact Search?

an index of the location and strength of spatial attention



• (b) The irrelevant white probe elicited a larger sensory-evoked 
occipital P1 wave when it occurred at the location of a relevant 
target (e.g., blue “t”) compared to the irrelevant target (e.g., green 
“t”). 

• These findings support the idea that focal spatial attention is 
directed to the location of the target in the array during visual 
search, and show that this corresponds to amplitude modulations 
in early visual cortex, just as in spatial cuing paradigms.



(a) Each trial began with a warning tone that was followed by one of 
three types of cues. The cues indicated either the location or the 
direction of motion of the subsequent target if present, and the 
doubleheaded arrow indicated that the location or direction of 
motion was equiprobably left or right. 

(b) The difference in accuracy of detection (valid vs. neutral cue) of the 
moving dots is plotted here as a function of cue-to-target stimulus 
onset asynchrony (SOA) in milliseconds, for both the spatial 
attention and feature attention conditions. (SOA is the amount of 
time between the start of one stimulus and the start of another 
stimulus.) 

Note that in both cases, the selective attention effects build up over 
time, such that at longer SOAs, the effects are larger, with the spatial 
attention effects appearing more rapidly in this study.





Difference ERPs (locations)

Difference ERPs (color)



(a)ERPs recorded to right visual field stimuli when subjects covertly 
attended right (solid line) and when subjects attended left (dotted 
line) independently of stimulus color or which color was attended. 

(b)ERPs to right visual field stimuli when attending right and the color 
of the evoking stimulus was attended (solid line) versus when 
attending right but the unattended color was presented there 
(dotted line). 



PET studies revealed regions of extrastriate cortex specialized for the 
processing of color, shape, or motion that are selectively modulated 
during visual attention to these stimulus features (feature selective 
attention). Spatial attention influences processing in multiple visual 
cortical areas and in subcortical structures.



Blocks began with a letter cue (M or C) indicating that participants 
should attend to either motion (fast versus slow) or color (red versus 
orange), respectively, and press a button representing the indicated 
feature. Dots would appear, and they randomly would either move or 
change color. In this way, responses to changes in motion (or color) 
could be contrasted when motion was attended versus when color 
was attended. 



(b) When motion 
was attended, 
activity in lateral 
occipitotemporal
regions (human 
MT/V5) was 
modulated. 

(c) When color was 
attended, ventral 
area V4 (V4v in the 
posterior fusiform 
gyrus) was 
modulated. 







Competition

In the condition where there was feature 
competition, red and green dots were 
intermingled as streams of stimuli during 
each 15 second trial. 

The participants’ task was to covertly 
attend to and detect a decrement in 
luminance of the to-be-attended color, 
while ignoring the intermingled dots of 
the other color. 

Task-irrelevant probe stimuli, either all-
green or all-red occasionally flashed in the 
opposite visual hemifield. Thus, the probe 
stimuli could share the feature color with 
the attended stimuli or not. 



Competition

In a different condition where there 
was ‘no feature competition’ (not 
shown), the task–relevant stimulus 
streams of red and green were 
presented separately in alternating 
sequence (i.e., all red or all green) 
with the task being the same one of 
detecting luminance decrements in 
one color while ignore the other. 

Once again in this condition, irrelevant 
probes of all red or all green dots were 
flashed in the unattended hemifield. 



(b) The ERPs showed a significant increase in 
amplitude to the irrelevant probe of the attended 
color compared to the irrelevant probe of the 
unattended color in the latency range of 80–130 
msec over contralateral occipital scalp 
(characteristic of the P1 component). 

(c) ERPs to the probe stimuli when there was 
no feature competition (the red and green 
streams of dots were not present 
simultaneously). During the same short-
latency time period (80–130 ms), there were 
no significant differences in the waveforms 
evoked by the irrelevant probes when they 
shared versus did not share the color of the 
attended targets in the streams. 

Feature attention may only result in ‘facilitation of relevant feature information outside the 
focus of spatial attention’ when there is competition between relevant and irrelevant 
features.



Attentional Control Networks

Houses and faces were 
superimposed transparently to 
create stimuli that participants 
could not attend to using spatial 
mechanisms. 



Functional MRI signal 
intensity for the 
different conditions of 
attention from regions 
of interest in the 
fusiform face area (FFA) 
and the  
parahippocampal place 
area (PPA).



(a) Coronal sections through a template brain, showing the activations in posterior 
brain regions (in red) coding motion (MT+; top row at crosshairs) and faces (FFA; 
bottom row at crosshairs) that were induced by TMS to FEF when participants were 
attending motion (left) and attending faces (right). (b) Graph of the differential 
activity evoked in MT+ (green) and FFA (red) when attending motion (left) and faces 
(right).







When these same regions of visual cortex were investigated before the targets actually 
appeared but after the cue was presented, a preparatory priming of these areas can 
be observed as increased activity. These regions of increased activity closely overlap 
with the regions that will later receive the target stimuli, but the amplitude of the 
effects is smaller.



(a) This view of the right hemisphere shows regions of temporoparietal
junction (TPJ), middle temporal gyrus (MTG), middle frontal gyrus (MFG), 
and inferior frontal gyrus (IFG) that were activated when participants 
received an invalid trial in which a cue incorrectly predicted the target 
location. 

(b) These activations are more ventral than those observed to the preceding 
cue that reflect attentional control (shown in blue in b). (c) Regions of 
cortex known from neuropsychological studies to result in neglect when 
lesioned.

Orienting attention, Bilateral

Nonspatial attention and alerting, 
lateralized to right.





(a) This diagram of the entire left 
thalamus shows the divisions of 
the major groups of nuclei, and 
the relationships between the 
visual lateral geniculate (LGN) 
and auditory medial geniculate 
(MGN) nuclei, and the pulvinar
nucleus. 

(b) These cross sections through 
the pulvinar at anterior levels 
show the LGN and MGN, and at 
more posterior levels, the 
lateral (PL), dorsomedial (PdM), 
medial (PM), and inferior (PI) 
subdivisions of the pulvinar.


