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A key part of accounting for the computational
aspects of the brain is to describe the pattern of caus-
ality between spatially distinct regions. While there is
evidence that feedforward and feedback mechanisms
are both widespread, we hypothesize that causality in
only one direction would typically predominate, espe-
cially in specialized circuits such as the sensory sys-
tems. This work uses both a cortical network model
and in vivo experimental data from a visual attention
task to investigate modulations in two related phe-
nomena: alpha oscillations, and the strength and
direction of causal interactions between cortical
layers.

The cortical model consists of nine columns of six-
layered cortex, comprising a total of 4230 event-driven,
rule-based neurons distributed among 13 distinct cell
populations [1]. Inter- and intra-columnar connections
are based on known anatomical connectivity patterns.
The model is driven by subthreshold, Poisson-distribu-
ted synaptic input; attentional effects are modeled as
increased input to supragranular layers. Output from
the model was compared to experimental data recorded
from two macaques performing a sensory discrimination
task [2,3]. Linear array multielectrodes were chronically
implanted in inferotemporal cortex (IT), allowing 14-
channel local field potentials (LFPs) and multiunit activ-
ities to be recorded from each cortical layer during
attend and ignore conditions.

Experimentally, it was found that LFP alpha power
was higher in the attend condition than the ignore
condition, with a greater increase in supragranular
layers (19% increase in power) than in infragranular
ones (13% increase). The cortical model produced
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similar results: in the attention condition, the overall
increase in alpha power was 18%, with a 27% increase
in supragranular layers and a 10% increase in infragra-
nular ones. In both the model and experiment, the
strongest causal influence was from the supragranular
layers to the infragranular ones; causal involvement of
the granular layer was limited. Maximum causality
from supragranular to infragranular layers occurred at
frequencies in the alpha band, and was modulated by
attention: experimentally, maximum causality was
found at 10 Hz and 12 Hz in the ignore and attend
conditions, respectively, while the model showed maxi-
mum causality at 8 Hz and 11 Hz for ignore and
attend conditions, respectively.

In summary, we demonstrate a cortical network model
that can reproduce several key features of experimental
LFP data in IT, including that (1) alpha power increases
with attention, (2) there is greater modulation of alpha
in supragranular than infragranular layers, and (3) the
predominant direction of causality is from supragranular
to infragranular layers.
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