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Introduction

Perhaps the most obvious form of visual selective
attention is when individuals turn their gaze toward
a salient or otherwise interesting object in their sur-
roundings to align it with the high-resolution fovea of
the retina. This allows more detailed processing of the
fixated object at the expense of competing objects
falling on peripheral regions of the retina. However,
it is well established that selective attention can be
aimed at extrafoveal locations and objects, thus effec-
tively decoupling the high-resolution power of the
fovea from enhanced central processing due to selec-
tive attention.
There appear to be several computational reasons

why the brain implements selective attention mecha-
nisms. First and foremost, selective attention can be
viewed as the mechanism that mediates selection of
the next target for preferential, foveal analysis. In this
vein, selective attention primarily assists the oculomo-
tor system to optimize sensory sampling of the visual
environment, given the current goal. Second, motor
systems in general, including those for reaching and
grasping movements, are physically constrained and
can act only on one (or a few) objects at any given
moment. Therefore, selective attention is needed to
focus processing onto a single object in order to plan
coherent behavioral responses targeted at the selected
object. Third, it is probably impossible, or perhaps
simply disadvantageous, for the memory systems of
the brain to store each and every single object and
event occurring within a crowded environment. There-
fore, selective attention is necessary to gate access of
perceptual representations tomemory systems. Finally,
perceptual awareness is inherently limited in nature,
and it unfolds serially, with a single perceptual repre-
sentation gaining dominance at any instant in time.
Therefore, selective attention is needed to allow
entrance of the selected representation into working
memory and conscious perception. On top of all the
reasons above, students of vision and selective atten-
tion raise two further reasons why selective attention
may be indispensable, and they are probably related.
One reason is that processing of incoming retinal input
must be focused on a single object at a time simply
because, otherwise, processing and recognition of all
objects simultaneously would overcome the limited
processing capacity of the system. In addition, and
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more specifically, directing attention toward a single
object at a time might serve the important function of
aiding the correct conjoining of all its elemental fea-
tures, therefore preventing the erroneous binding of
features belonging to separate objects in a cluttered
scene. In brief, selective attention appears to be a
key mechanism aiding efficient object recogni-
tion, perceptual awareness, goal-directed behavior,
and selective memory storage.

Given the key role of selective attention in visual
processing, in particular its role in building and gating
object representations, it comes as no surprise that
much of the relevant experimental work over the past
two decades has been devoted to the investigation
of the neuronal correlates of selective attention along
the ventral pathway of cortical visual processing. The
ventral pathway originates at the level of primary
visual cortex, or V1, and nearby secondary visual
cortex, or V2, and further extends through extrastri-
ate area V4 and posterior inferotemporal cortex, or
area TEO, to culminate in a relatively vast cortical
territory occupying the middle and anterior segments
of the inferotemporal (IT) cortex. The ventral path-
way represents a network of interconnected areas,
largely organized according to a hierarchical scheme,
whereby object representations are created with an
ascending level of complexity and representational
invariance. Ultimately, patterns of activity within IT
cortex are now known to represent with remarkable
speed and efficiency the various objects we are able
to recognize. Key nodes along this pathway are re-
presented by area V4 and the various sectors of IT
cortex, and therefore this article will focus on these
nodes of the pathway.
Studying the Manifestations versus
the Control

In speaking of selective attention, one should distin-
guish between the manifestations and the causal con-
trol mechanisms. Specifically, one may use the term
‘selective attention’ to refer to the modulation of
sensory processing along the ventral pathway in rela-
tion to concurrent changes in behavioral perfor-
mance. In this case, the term would index the
manifestations of visual selective attention at the neu-
ronal, as well as at the behavioral, level. In contrast,
one may use the term selective attention to refer to the
signals that, within a given behavioral context, bring
about the manifestations of attention considered
above. The latter signals may or may not originate
within the visual system, and the available evidence
suggests that in most cases they do not. This article
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mainly concentrates on the manifestations of selective
attention within the ventral pathway but also briefly
discusses available evidence concerning the signals
impinging on the ventral pathway to exert attentional
control. Several forms of selective attention are dis-
tinguished, including enhanced processing of indi-
vidual attended items, selective processing among
competing items (or biased competition), feature-
based guidance of target selection in visual search,
and finally, feature-selective attention.

 
 
 
 
 
 
 
 
 
 
 
 

 

Enhanced Processing of Attended
Objects: The Beneficial Effects of
Spatially Directed Attention

Psychophysical studies of human observers have
documented robust effects of attention on visual sen-
sitivity at selected regions of space. Sensitivity has
been shown to increase at attended versus unattended
locations in the visual field, with relatively shorter
reaction times to detect an item at the attended loca-
tion, as well as greater accuracy. In particular, atten-
tional facilitation entails better detection of faint,
low-contrast stimuli and improved discrimination of
their features, as if attention to the stimulus led to
enhancement of signal strength. In turn, these effects
are reminiscent of those produced by an increase in
stimulus contrast, and it has been reported recently
that indeed attention increases perceived stimulus
contrast. Consistent with these behavioral results,
single-unit recording studies in the behaving macaque
have found enhanced neuronal responses (e.g., in area
V4) to a single stimulus presented inside the receptive
field (RF) of the recorded neuron when the animal’s
attention is aligned with the stimulus location, rela-
tive to when attention is directed elsewhere in the
visual field. As a result, stimuli at an attended loca-
tion engender stronger central representations than
unattended stimuli do. These neural effects likely
represent part of the mechanism underlying enhanced
behavioral performance, as previously described.
Overall, however, enhancement of neuronal res-
ponses to individual stimuli presented inside the RF
is not very strong, typically on the order of 20%.
Furthermore, the effect has not been found in all
reported studies, and a possible account of this vari-
ability is offered below.
Recent studies of neuronal responses in area V4

have shed further light on the above modulation of
responses to single RF stimuli as a function of atten-
tion. If the effects of attention are akin to those
brought about by increased stimulus contrast, then
one might predict that directed attention changes the
contrast response function of neurons. Neurons at
many stages of the visual system produce increasing
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responses as a function of stimulus contrast, up to a
plateau, and the function takes the form of a sigmoid.
If attention acts by increasing the effective contrast of
the RF stimulus, then one predicts a leftward shift in
the contrast response function of the neurons. In line
with this prediction, it was found that attention
directed to an RF stimulus causes a leftward shift of
the sigmoid relative to when the stimulus is unat-
tended. As a consequence, responses to an attended
stimulus will not differ reliably from those to an
unattended stimulus at or beyond the point of satura-
tion in the contrast response function. Instead, effects
of attention will be greatest within – or just below –
the dynamic range of the contrast response function
of the neuron. These findings may explain, at least
in part, why not all single-cell recording studies have
found enhanced responses to attended compared with
unattended single RF stimuli along the ventral path-
way, including area V4, since attentional effects may
be minimal, if any, when stimuli of high contrast are
employed. In summary, prevailing evidence indicates
that stimuli presented at attended locations will elicit
greater responses compared with stimuli at ignored
locations. However, the effect is relatively large with
stimuli of low contrast, whereas it tends to decrease
with contrast of the stimulus.

Notice that there is an important difference
between the effects of directed attention and contrast
on responses of neurons in visual cortex, including
area V4; namely, while attention mimics the effect of
contrast in terms of response magnitude, it does not
do so in terms of response onset latencies. Response
latency has been shown to increase considerably for
low-contrast stimuli, whereas no detectable change in
response latency is associated with manipulations of
attention. This imposes some caution in likening
effects of attention to changes in effective stimulus
contrast.

An important question is whether directed atten-
tion, in addition to changing the strength of neuronal
responses, will modify neuronal tuning for the stimu-
lus features, for example, stimulus orientation. This
has been addressed in a number of studies, and the
prevailing view is that tuning properties of neurons
are relatively immune to the influence of directed
spatial attention, although they may be modified as
a result of extensive discrimination training with per-
ceptual learning protocols. Instead, spatially selective
attention has been shown to cause a multiplicative
scaling of tuning curves. Responses throughout the
tuning curve will be multiplied by a constant factor,
with no appreciable changes in the filter properties
of neurons. Again, this is similar to the known effect
on tuning curves of varying stimulus contrast.
Nonetheless, it is conceivable that at the population
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level, a gain modulation of tuning curves allows finer
encoding of features at an attended location than
at an unattended one, for instance by reducing the
signal-to-noise ratio at the attended location.

 
 
 
 

 
 

 

Top-Down Control: Biases and Baseline
Shifts

Given the distinction between manifestations of
attention in sensory processing areas and control sig-
nals, researchers have sought evidence for control
signals that may cause the manifestations of attention
summarized previously. A key feature of these signals
is that they ought to precede onset of task-relevant
stimuli, that is, they should be present while the ani-
mal is attending to a given visual field location in
preparation for performing a task on some relevant
item. In practice, people have compared baseline
activity of the neurons during the waiting period of
the task between conditions in which the animal’s
attention was directed toward the RF of the studied
neuron versus when attention was directed toward
some location outside the RF. Single-unit recording
studies have shown that neurons in area V4 (and V2)
display elevated baseline firing during periods when
the animal is attending to a location inside the RF of
the neuron in anticipation of RF stimulus onset. It is
interesting that analogous changes in baseline activity
depending on the direction of spatial attention can be
observed even when one compares attention to differ-
ent locations inside the single RF, provided that the
locations to be compared are not equally sensitive.
Specifically, baseline activity has been found to covary
with the strength of the visually evoked responses at
any given location within the RF. Increases in baseline
activity are typically small in absolute terms, on the
order of a few spikes per second.However, in fractional
terms, they can amount to a 50% increase in firing rate
in the absence of visual stimulation. Therefore they
represent a substantial percentage increment in neural
activity over a relatively large population of neurons,
those neurons with RFs encompassing the attended
location.
The accepted account of elevated baseline activity

due to spatial attention is that it reflects the influence
of an incoming signal, originating in areas of the brain
responsible for exerting control over spatially directed
attention. In the case of area V4, these likely include
areas in the posterior parietal and prefrontal cortices,
although subcortical sources (e.g., the superior colli-
culus) have also been implicated. Recent evidence
obtainedwith low-current electrical microstimulation
has directly demonstrated that signals of this sort
may originate at the level of the frontal eye fields,
and they are capable of enhancing visual responses
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within area V4 at selected visual field representations.
The same type of microstimulation was also shown
to improve the animal’s performance in a demanding
stimulus detection task. Analogous effects on behav-
ior have been obtained with electrical microstimula-
tion of the superior colliculus, although it remains to
be established whether microstimulation of the supe-
rior colliculus would also enhance neuronal responses
in area V4 or other areas along the ventral pathway. In
summary, the available data suggest that a number
of cortical and subcortical regions are involved in
delivering control signals for spatially directed atten-
tion, and they largely overlapwith critical nodes of the
circuit controlling saccadic eye movements. These
signals are likely responsible for elevated baseline
firing in areas along the ventral pathway when atten-
tion is directed to a location inside the RF of the re-
corded neuron. The elevated baseline firing, in turn,
may be part of the mechanism that confers to the
neurons increased sensitivity to visual stimulation.
Coherent Firing at the Population Level

Recent work has shown that attention to an RF loca-
tion may entail, not only elevated baseline firing and
enhanced responses to an RF stimulus, but also
increased synchronization of firing among the rele-
vant neurons. Increased synchronization may or may
not take the form of oscillatory activity, but typically
it does. Therefore evidence is rapidly accruing to
indicate that when attention is directed to a given
location in the visual field, neurons with RFs encom-
passing that location will entertain an enhanced
coherent firing, usually in the gamma-band frequency
range, around 50Hz. In turn, increased synchroniza-
tion of firing at the attended location may enhance
synaptic transmission downstream of the considered
neural population, effectively amplifying transmis-
sion of information in a spatially selective manner. It
is interesting that this effect has also been observed
under task conditions in which there was no consis-
tent change in the magnitude of visual responses as a
function of spatial attention. Therefore, enhanced
processing and spike transmission at the attended
location may take the form of increased firing, in-
creased synchronization, or both. It remains to be
established whether there are specific task parameters
that lead preferentially to one or the other manifesta-
tion of attentional modulation.
Competitive Interactions among
Multiple Visual Stimuli

A special problem for perceptual and attentional
mechanisms to solve is one in which multiple stimuli
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are presented together (crowding) and an individual
must select the relevant stimulus while at the same
time discarding any potential distracter, in particular
nearby distracters. In neurophysiological terms, this
translates to conditions in which multiple stimuli
impinge simultaneously onto the RF of an individual
neuron and they compete for controlling the neuron’s
firing pattern. It has been demonstrated that neurons
along the ventral pathway, including area V4 and the
IT cortex, produce responses to two or more stimuli
falling inside their RF that approximate the average
of the responses elicited by the component stimuli
presented in isolation. In other words, neurons in
areas of the ventral pathway seem to be incapable of
clutter invariance, a property that, if present, would
allow neurons to encode the single most preferred
stimulus inside the RF while automatically discarding
other nearby stimuli, effectively implementing a
MAX operation. In contrast, it appears that multiple
stimuli falling inside a single RF, or in its immediate
surroundings, compete for the encoding capacity of
the neuron, and the neuron’s firing is ambiguous as to
which stimulus is encoded. It seems that competitive
interactions among multiple RF stimuli are only
weakly affected, if at all, by the specific nature of
the stimuli involved, including the degree of their
similarity (but see the discussion of luminance con-
trast in the section titled ‘Top-down versus bottom-up
in selective attention’), except that the greatest com-
petitive interactions occur with stimuli far apart in
their ability to drive a neuron’s visual response, as
when a highly preferred or a null stimulus is involved.
Under these circumstances, the presence of the null or
ineffective stimulus can drive the response to the pre-
ferred stimulus well below the level that it would have
elicited if presented alone. An important notion that
has emerged from these studies is that a stimulus,
which causes only modest changes in firing rate
when presented in isolation, can nevertheless exert a
profound (suppressive) influence on the neuronal fir-
ing when presented in combination with an effective
stimulus, thus demonstrating clear-cut decoupling
between effectiveness of stimuli in driving a response
from the given neuron and their effectiveness in deter-
mining the firing rate of the same neuron. In terms of
the latter property, an ineffective stimulus can be no
less effective than a highly preferred, or optimal,
stimulus in exerting control over the neuron’s activity.
In area V4, competitive interactions of this sort have
been shown to span a limited extent of visual space,
covering the RF size and extending only a small dis-
tance beyond the boundary of a neuron’s RF. In con-
trast, competitive interactions sometimes span amuch
larger extent of the visual field in IT cortex, including
portions of the visual hemifield ipsilateral to the
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recorded hemisphere. However, it has been reported
that competitive interactions in IT cortex are much
weaker, or nearly absent, when competing stimuli are
placed across the vertical meridian, as if competitive
interactions could not come about at full strengthwhen
they involve the midline commissures (e.g., the corpus
callosum). Selective attention mechanisms are needed
to resolve these competitive interactions – the core
notion of the biased competition model of attention.
Resolving the Competition: Selection
and Filtering

The biased competition model of attention has been
highly influential over the past decade, as it can
account for a great deal of experimental observations
obtained with a variety of approaches and tech-
niques, in both human and animal studies of percep-
tion and attention. Mathematical and neural network
implementations of the model have been developed.
The model rests on two tenets. First, as discussed
in the previous section, multiple stimuli falling within
the RF of a given neuron (or in its immediate sur-
round) compete for controlling the neuron’s firing
rate. The most compelling evidence of this takes the
form of suppressed responses to an effective stimulus
falling inside the RF of a cell when it is paired with a
second, ineffective stimulus for the cell, with
responses to the pair approaching an average of the
responses elicited by each of the two stimuli in isola-
tion. Second, competition among stimuli can be
resolved when a signal biases the competitive interac-
tion in favor of either stimulus in the pair, thus caus-
ing the cell’s firing to be primarily determined by the
favored stimulus. When this occurs, selective atten-
tion is enacted: one of the competing stimuli is
selected; the other is filtered out of the RF, or ignored.
In cell physiological terms, a neuron’s firing to multi-
ple stimuli impinging on its RF as if only one of them
were present – the favored one – corresponds to
selecting a salient or otherwise relevant stimulus
while discarding distracters.

As already considered, the biasing signal for spa-
tially directed attention may take the form of elevated
baseline activity of the relevant neural population,
but the proposal has been made that increased syn-
chronization of firing across the population of neu-
rons with RFs encompassing the attended location
may as well bias competition in favor of the relevant
stimulus location. It remains to be established to what
extent increased baseline firing and enhanced syn-
chronization are related phenomena in functional
terms. Regardless of this, we have already mentioned
that likely sources of signals biasing competition in
favor of the attended location include cortical areas
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such as the frontal eye field and lateral intraparietal
area, in the frontal and posterior parietal cortex,
respectively, as well as subcortical structures, such
as the superior colliculus. Future work might well
reveal that other parts of the brain, at the cortical
and subcortical level, play as important a role in
controlling spatial attention.
Selection of a relevant object (or target) among

competing stimuli can be achieved not only on the
basis of its location in space, but also on the basis of
its feature composition. For example, in visual search
tasks, an observer is asked to find a target object
among irrelevant distracters. Under some conditions,
the target may be found easily, at no increasing cost as
a function of the number of distracters, such as when
it is characterized by some unique property (known as
‘pop-out’). In contrast, under less efficient conditions,
locating the target may take some effort and increas-
ing time as a function of the number of distracters. By
means of search tasks of the latter kind, it has been
shown that neurons in areas V4 and IT may contrib-
ute significantly to the search process. In particular, as
the search process unfolds, neurons in both areas
come to encode the target but much less, or not at
all, the distracters. Specifically, while neural activity
shortly after search array onset to some extent repre-
sents all items in the array, later on, in anticipation of
the behavioral response, only the target item activates
the neural population which is selective for its con-
stituent features, while neural populations activated
by the features of the distracters are strongly sup-
pressed. This form of selective attention has been
shown to engage underlying mechanisms similar to
those engaged by spatially directed attention, except
that here, selection is guided by feature information.
It has been further suggested that control signals for
feature-based selection of a target object likely origi-
nate in at least partly different brain regions from
those involved in delivering control signals for spa-
tially selective attention. The proposal has been made
that feature information specifying the target item
and guiding its ultimate selection is represented
within brain networks responsible for holding object
feature information online during the execution of
the task (working memory).
Behavioral evidence obtained following lesion or

deactivation of area V4 (and/or TEO) in the monkey
is in full agreement with the biased competition model
of attention. This work has elegantly shown that,
when selective attention mechanisms are knocked
out, the animal is at the mercy of stimulus salience.
In other words, when multiple stimuli are presented
and the animal must select a high-salience target
among low-salience distracters, behavior is largely
unimpaired. Conversely, when the animal is required
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to select a low-salience target among high-salience
distracters, performance shows a dramatic drop. Con-
sistent with a key role of area V4 in the implementa-
tion of attention mechanisms, this deficit has been
observed following lesion of area V4 in the macaque,
aswell as following damage to the homolog of areaV4
in the human brain. These findings suggest that, when
the mechanisms for cognitively mediated selection are
compromised, such as can be obtained through dam-
age to area V4 (and TEO), competitive mechanisms
and selection are primarily controlled by the intrinsic
salience of objects, the topic of the next section.
Top-Down versus Bottom-Up in
Selective Attention

There is now evidence at the single-cell level that
competitive interactions among multiple stimuli fall-
ing inside the RF of an individual V4 neuron are
directly modulated by stimulus salience, such as can
be obtained by varying the luminance contrast of the
stimuli. As already noted, with attention directed well
outside the RF of the recorded neuron (e.g., to the
opposite visual hemifield), adding an ineffective stim-
ulus reduces responses of V4 (and IT) neurons to a
concurrently presented effective stimulus for the neu-
ron. It has also been recently shown that the suppres-
sive effect is progressively stronger as the luminance
contrast of the ineffective stimulus is increased, with
the contrast of the effective stimulus held constant at
an intermediate level (40%). Although the suppres-
sive effect increases with contrast of the ineffective
stimulus, notice that at the same time, the ineffec-
tive stimulus presented alone elicits a progressively
larger, albeit weak, visual response when its contrast
is increased. This again indicates a remarkable disso-
ciation between the efficacy of a stimulus to drive
a visual response from a neuron and efficacy of
the same stimulus to control the neuron’s firing.
A stimulus that, for its feature composition, may be
largely ineffective in driving a visual response from a
given neuron, can nonetheless be highly effective in
determining the neuron’s response, due to its salience,
or strength, such as its high luminance contrast.
Moreover, within the same experimental context,
attention directed to the ineffective stimulus in the
pair has been shown to further enhance the sup-
pressive effect exerted by this stimulus to the point
that attention to a high-contrast ineffective stimulus
almost completely dominates the cell’s firing, namely,
it almost completely silences the cell. These findings
indicate that competitive interactions are entertained
automatically within visual cortex and that com-
petition can be resolved in favor of a high-salience
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(e.g., high-contrast) stimulus in bottom-up, in the
absence of top-down signals reflecting the current
volitional control on selective attention.

 
 
 

 

Feature-Based Attention

As noted previously, selective attention can be
directed toward a specific spatial location, or it can
be guided by feature information specifying the
target-defining properties. Furthermore, behavioral
evidence in humans indicates that feature-based at-
tention can affect processing throughout the entire
visual field, in a parallel fashion. Consistent with
this, single-unit recordings from area V4 of the
macaque have revealed the correlates of this form of
nonspatial selection. It has been discovered that neu-
ronal responses to any potential target in the visual
field – that is, any element that shares one or more
of the target-defining features, including the target
itself – are enhanced as the search process progresses,
long before the animal actually locates the designated
target. In other words, this form of feature-based
attention is able to ‘highlight’ all the objects in the
visual array that are potentially relevant for the task
at hand. Essentially, the mechanism allows privileged
processing of these objects, while other objects are
effectively filtered out in parallel across the visual
array. Although findings of this kind have come in
slightly different flavors in the literature, perhaps
related to specific characteristics of the experimental
protocols, all converge to indicate that among the
entire population of neurons in area V4 activated by
the array elements, the neurons firing at the highest
rate will be those directly stimulated by a feature in
the RF that matches the feature preference of the
neurons (e.g., red) while the animal is searching for
a target item defined by the same feature (e.g., red).
Evidently, depending on the currently relevant fea-
tures, a specific control signal can target the neuronal
populations with RFs anywhere in the visual field that
are selective for the corresponding features.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Gating-Feature Information, or
Feature-Selective Attention

Unlike the form of feature-based attention discussed
in the previous section, feature-selective attention is
engaged under task conditions in which an individual
is asked to identify, or otherwise respond to, a specific
object feature while at the same time ignoring other
features of the same object. This form of feature-
selective attention, therefore, entails that the unity
of perceptual objects be broken down in order to
cope with the current task. Feature-selective attention
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plays an important role in many real-life situations,
for instance when an individual wishes to sort, or
classify, objects on the basis of one elemental feature
(e.g., color) and other features (e.g., shape and tex-
ture) must be ignored. In addition, this type of
feature-selective processing is tapped by a number of
classical neuropsychological tests, such as the Stroop
test and the Wisconsin card sort test. In both cases,
performance must be guided by selective feature
information, and interference from the irrelevant fea-
ture or features must be blocked. The neuronal under-
pinnings of the latter form of feature-selective
attention have been systematically explored in a
recent single-unit recording study in which the activ-
ity of V4 neurons was recorded while an animal was
attending to either one or the other feature of differ-
ently colored, oriented bars. It was found that, under
these task conditions, responses of V4 neurons to
otherwise identical stimuli are modulated depending
on the component feature of the stimulus being cur-
rently attended. Most important, it turns out that a
large fraction of the recorded neurons are able to
cluster the attended features of the stimuli into one
or the other of two behaviorally relevant response
categories, indicating that area V4 may be important
in the process of converting selected feature informa-
tion into a categorical code available to guide the
animal’s behavioral responses.
Conclusions

Research over the past 25 years has allowed impres-
sive progress in the understanding of the brain
mechanisms underlying the ability to concentrate
mental resources on a single location or object at
any given time – an essential component of the ability
to implement goal-directed behavior. Fundamental
pieces of evidence have come from neurophysiologi-
cal investigations in the awake, behaving macaque
monkey. Science is very close to a full understanding
of what it means at the single-neuron level to pay
selective attention to a specific location or object, or
object feature, including the fine details of the cir-
cuitry that brings about attentional modulation of
firing in visual cortical areas, as well as the source
and nature of the signals that control the same cir-
cuitry, thus initiating attention-related phenomena at
the neuronal and behavioral level. The investigation
of the neuronal correlates of visual selective attention
along the ventral pathway of cortical visual proces-
sing has been particularly successful at identifying
specific ways in which mechanisms for selective
attention are intertwined with perceptual mechan-
isms for feature analysis and object recognition.

 
 
 
 
 

e (2009), vol. 1, pp. 647-653 
 



Attentional Mechanisms in Ventral Pathway 653 

Author's personal copy
See also: Attention and Eye Movements; Attention: Models;

Attentional Networks; Attentional Networks in the Parietal

Cortex; Attentional Functions in Learning and Memory;

Decision-Making and Vision; Neglect Syndrome and the

Spatial Attention Network; Psychophysics of Attention;

Vision for Action and Perception; Visual Attention.

 
 
 
 
 
 

 
 

Further Reading

Bichot NP, Rossi AF, and Desimone R (2005) Parallel and serial

neural mechanisms for visual search in macaque area V4.
Science 308: 529–534.

Chelazzi L, Duncan J, Miller EK, and Desimone R (1998)

Responses of neurons in inferior temporal cortex during mem-

ory-guided visual search. Journal of Neurophysiology 80:
2918–2940.

Desimone R and Duncan J (1995) Neural mechanisms of selective

visual attention. Annual Review of Neuroscience 18: 193–222.
De Weerd P, Peralta MR III, Desimone R, and Ungerleider LG

(1999) Loss of attentional stimulus selection after extrastriate

cortical lesions in macaques. Nature Neuroscience 2: 753–758.
Fries P, Reynolds JH, Rorie AE, and Desimone R (2001) Modula-

tion of oscillatory neuronal synchronization by selective visual
attention. Science 291: 1560–1563.

Luck SJ, Chelazzi L, Hylliard SA, and Desimone R (1997) Neural

mechanisms of spatial selective attention in areas V1, V2, and

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Encyclopedia of Neuroscien

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

V4 of macaque visual cortex. Journal of Neurophysiology 77:

24–42.

Maunsell JH and Cook EP (2002) The role of attention in visual

processing. Philosophical Transactions of the Royal Society of
London, Series B: Biological Sciences 357: 1063–1072.

Maunsell JH and Treue S (2006) Feature-based attention in visual

cortex. Trends in Neuroscience 29: 317–322.
McAdams CJ and Maunsell JH (1999) Effects of attention on

orientation-tuning functions of single neurons in macaque cor-

tical area V4. Journal of Neuroscience 19: 431–441.
Mirabella G, Bertini G, Samengo I, et al. (2007) Neurons in area V4

of the macaque translate attended visual features into behavior-

ally relevant categories. Neuron 54: 303–318.

Moore T and Armstrong KM (2003) Selective gating of visual

signals by microstimulation of frontal cortex. Nature 421:
370–373.

Motter BC (1994) Neural correlates of attentive selection for color

or luminance in extrastriate area V4. Journal of Neuroscience
14: 2178–2189.

Reynolds JH and Chelazzi L (2004) Attentional modulation

of visual processing. Annual Review of Neuroscience 27:

611–647.
Reynolds JH, Chelazzi L, and Desimone R (1999) Competitive

mechanisms subserve attention in macaque areas V2 and V4.

Journal of Neuroscience 19: 1736–1753.
Zoccolan D, Cox DD, and DiCarlo JJ (2005) Multiple object

response normalization in monkey inferotemporal cortex.

Journal of Neuroscience 25: 8150–8164.
 
 
 

ce (2009), vol. 1, pp. 647-653 
 

 
 
 
 
 


	Attentional Mechanisms in Ventral Pathway
	Introduction
	Studying the Manifestations versus the Control
	Enhanced Processing of Attended Objects: The Beneficial Effects of Spatially Directed Attention
	Top-Down Control: Biases and Baseline Shifts
	Coherent Firing at the Population Level
	Competitive Interactions among Multiple Visual Stimuli
	Resolving the Competition: Selection �and Filtering
	Top-Down versus Bottom-Up in Selective Attention
	Feature-Based Attention
	Gating-Feature Information, or  Feature-Selective Attention
	Conclusions
	Further Reading



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




