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Many views of cognition posit the existence of top-down
signals that select and coordinate information. These sig-
nals are thought to enhance the representations that un-
derlie our conscious perceptions, thoughts, and plans of
actions while inhibiting irrelevant or inappropriate infor-
mation. Many brain processes can work without top-down
control. Well-learned, habitual behaviors can be executed
automatically and unexpected events can automatically
grab our attention and enter our awareness. Top-down
control is necessary when we need to ignore distractions,
inhibit reflexive, prepotent responses, and in novel or dif-
ficult situations when habitual behaviors cannot be used.
Understanding the neural basis of top-down control, then,
is key to understanding cognition.

Perhaps the best understood example of top-down con-
trol is our ability to voluntarily focus our awareness on
certain portions of a visual scene, that is, attention. The
major aim of this project is to elucidate the neural mech-
anisms of top-down control by using visual attention as a
model system. It will focus on a brain region long known
to play a central role in top-down control, the prefrontal
cortex (PFC), and include anatomically and functionally-
related areas, such as the posterior parietal cortex. But,
in order to ensure that our results are also relevant for
other forms of top-down selection, we will compare and
contrast with another, well-known instance of top-down
control: response selection. By examining neural mecha-
nisms for response selection in the PFC and anatomically
and functionally-related areas, such as the premotor cor-
tex, we should be able to determine if PFC control of sen-
sory processing is parallel to its role in control of motor
processing. In all of these experiments, we will use state-
of-the-art techniques for recording from multiple electrodes
implanted in two or more brain areas simultaneously.

1. “Analysis of the neurophysiological mecha-
nisms underlying voluntary shifts of attention in
the primate prefrontal and visual cortices” and
“Analysis of latency of visual search target selec-
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tion in the prefrontal and visual cortices”

In prior work reported in previous progress reports, we
reported on results of recording from up to eight electrodes
simultaneously implanted in the PFC and the posterior
parietal cortex (PPC), an extrastriate visual area that is
thought to play an important role in voluntary shifts of
attention. Our visual search task required monkeys to find
a target object in a cluttered display. We found that neu-
ral signals related to task performance were distributed
across both areas; neurons in both areas signaled the iden-
tity of the sought-after target and localized the object in
the visual display. The PPC, however, seemed to empha-
size visuospatial signals; the modal group of PPC neurons
signaled the location of the target, but not its identity.
By contrast, the PFC seemed more involved in integrat-
ing these attributes; many PFC neurons signaled both the
target identity and location.

Our paradigm has not revealed differences between a
top-down condition (active visual search) and a bottom-
up (automatic) search condition. So, we are now employ-
ing new behavioral paradigms designed to force animals to
switch between top-down and bottom-up mechanisms. We
have nearly finished training monkeys on the new paradigm
and recording will commence soon. We have also devel-
oped new recording techniques that will allow us to record
from 25 electrodes in each area instead of the 8 electrodes
we have previously used. This will allow us unprecedented
precision in comparing neural properties between these ar-
eas.

2. Comparative experiments and analyses on the
relationship between the PFC and premotor cortex
(PMC) in response selection

The ability to use abstract rules or principles to select
behavioral responses allows us to generalize from specific
circumstances (e.g. rules learnt in a specific restaurant can
subsequently be applied to any dining experience). Neu-
rons in the prefrontal cortex (PFC) encode such rules.
However, to guide behavior, rules must be linked to mo-
tor responses. We investigated the neuronal mechanisms
underlying this process by recording from the PFC and
the premotor cortex (PMC) of monkeys trained to use two
abstract rules: ‘same’ or ‘different’. The monkeys had to
either hold or release a lever, depending on whether two
successively presented pictures were the same or different,
and depending on which rule was in effect. The abstract
rules were represented in both regions, although they were
more prevalent and were encoded earlier and more strongly
in the PMC. There was a perceptual bias in the PFC, rel-
ative to the PMC, with more PFC neurons encoding the
presented pictures. In contrast, neurons encoding the be-
havioral response were more prevalent in the PMC, and the
selectivity was stronger and appeared earlier in the PMC
than PFC.

These differences raise questions about the extent to
which this information is encoded in the PFC versus other
cortical areas. To address this, we compared activity in
the PFC to that in the PMC and the inferotemporal cor-
tex (ITC), both of which are heavily and directly intercon-
nected with the PFC. Two monkeys were trained to ap-
ply abstract rules (‘same’ and ‘different’) to visual stimuli
while we recorded the activity of ITC neurons, PFC and
PMC neurons. The most prevalent activity in the PFC
and PMC was the encoding of the rule. This was observed
in 20% and 26% of randomly sampled PFC and PMC neu-
rons, respectively, while relatively few neurons encoded the
visual stimuli (10% of PFC neurons and 2% of PMC neu-

655



rons). In contrast, in ITC, 33% of the neurons encoded
the visual stimuli, compared to only 5% that encoded the
rule. An ROC analysis of the strength of rule-selectivity
showed that it was weak in the ITC, but stronger in the
PFC and PMC, while the opposite pattern was observed
for stimulus-selectivity. These results suggest that the ITC
is more important for encoding the physical properties of
a visual stimulus, but abstract rule information is much
more strongly encoded in the frontal lobe.

Research Subjects and Members of Labora-
tory for Neural Mechanisms for the Top-Down
Control of Visual Attention

1. Analysis of the neurophysiological mechanisms under-
lying voluntary shifts of attention in the primate pre-
frontal and visual cortices

2. Analysis of latency of visual search target selection in
the prefrontal and visual cortices

3. Comparative experiments and analyses on the re-
lationship between the PFC and premotor cortex
(PMC) in response selection
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