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Neurophysiology: Neural fingerprints of visual attention
Jennifer M. Groh, Eyal Seidemann and William T. Newsome

Pronounced effects of attention have been demonstrated
in a region of visual cortex previously thought to be
devoid of such influences; identifying the features critical
for eliciting these effects should teach us a great deal
about the neural underpinnings of visual attention.
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As you read this sentence, vour visual system must not
only identify each word, it must simultancously ignore
myriad competing visual stimuli, from the words on the
rest of this printed page to the bird flying by outside your
window. The selection of a subset of sensory signals for
preferential processing is known as attention. Attentional
filtering of sensory input is necessary because our sensory
systems are continually inundated with information from
different stimuli, any of which can potentially be used to
guide behavioral responses. The brain must therefore con-
centrate its limited resources on analyzing the most impor-
tant aspects of the sensory scene.

How is this selective filtering of sensory information
accomplished? The recently proposed ‘biased competition
model’ postulates that sensory stimuli compete for process-
ing capacity in a manner that can be biased by attention

[1]). Competition is biased in favor of one stimulus or the
other, both by ‘bottom-up’ and ‘top-down’ processes.
Bottom-up biases are largely automatic and unconscious,
and produce phenomena such as the ‘pop out’ of a stimulus
of one color from an array of stimuli of another color.
Bottom-up biases are thought to be mediated by hard-
wired neural mechanisms, such as the center-surround
structure of receptive fields found in many areas of the
visual system [2-5]. Top-down biases are, as the name
implies, imposed on low-level sensory processes by higher-
level control mechanisms, and are dependent on behav-
ioral context. For example, top-down biases allow you on
one occasion to search efficiently for vour car keys on a
cluttered counter, while on another occasion you might
search the same complex visual scene for vour reading
glasses. The extensive feedback connections from higher
areas to low-level sensory areas may play a critical role in
mediating top-down attentional effects.

Neurophysiologists have unearthed several remarkable
examples of top-down attentional influences on the
responses of sensorv neurons [6]. The fingerprints of top-
down arttentional biases are readily observed by recording
necural activity in awake animals trained to perform tasks in
which they must selectively attend to one stimulus, the
target, while ignoring others, called distractors. In an
elegant new experiment of this tvpe, T'reue and Maunsell
[7] have demonstrated that, in extrastriate arca MT, a
visual area especially suited for encoding the velocity of
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Sequence of events in the attention task used by Treue and Maunsell
[7]. The receptive field (dashed gray circle) and preferred direction
(dashed blue arrow) of an MT neuron were first characterized. Each trial
started when a small fixation cross (red) appeared on a dark video
monitor (first panel). After fixation, a single spot appeared at one of
three possible locations (second panel). The monkey then had to press
a lever which caused two additional spots to appear. All spots
immediately started moving back and forth through straight trajectories,
reversing their direction of motion simultaneously at one second
intervals (third panel). The monkey had to attend to the spot that
appeared first (the target) while ignoring the other two spots (the

distractors), and report when the target changed its speed (illustrated
by the change in the color of the arrow in the last panel). Any of the
three spots could change its speed at variable time from trial to trial. To
receive the reward, the monkey had to ignore changes in the speed of
the distractors and promptly report a change in the speed of the target
by releasing the lever. Two of the spots always appeared within the
receptive field and moved in opposite directions; the third spot
appeared at a location remote from the receptive field and could move
either orthogonally or parallel to the other spots. Throughout the trial the
monkey had to maintain fixation on the cross.







