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Representation of information
in neuronal assemblies
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The central question in neuroscience, especially the problem of neuronal activity
underlying mind, concerns the basic code for representation of information in the
brain. Much experimental evidence and theoretical consideration have suggested
that activity of single-neuron is no longer a tenable code. The present review
explains why population and ensemble neuronal coding is valid for representation
of information and discusses how it is carried out in the brain. The main context
is experimental access to real features of the coding in working brains as deduced
from experimental research. Several recent studies recording neuronal activities
from behaving animals have shown that ensemble activity of neurons represents
specific information, indicating the reality of population and ensemble coding by
many neurons.

The key concept which can integrate the experimental evidence is the “cell
assembly”, i. e., overlapped populations of neurons with flexible functional connec-
tions within and among the populations. Correlated activity among the neurons
constructs the functional connection. In order to see features of the cell-assembly
coding, two main properties of cell assemblies in representing several different
kinds of information must be investigated. The two properties are partial overlap-
ping of neurons among assemblies and connection dynamics within and among the
assemblies. The former is the ability of one neuron to participate in different types
of information processing. The latter is the capability for functional synaptic
connections, detected by activity correlations of the neurons, to change among



different types of information.

An example of a series of experiments which detected these two major prop-
erties is then given. The ‘example study reports how hippocampal individual cells
and cell assemblies cooperate for neural representation of pitch and temporal
information in memory processes for auditory stimuli. Each rat performed two
tasks, one requiring discrimination of auditory pitch (high or low) and the other
requiring discrimination of their duration (long or short). Some hippocampal
neurons showed task-related differential activity between the high and low tones
in only the pitch discrimination task. However, without exception, neurons which
showed task-related differential activity between the long and short tones in the
duration discrimination task were always task-related neurons in the pitch dis-
crimination task. These results suggest that temporal information (long or short),
in contrast to pitch information (high or low), cannot be represented independent-
ly by specific neurons. The results also indicate that the two different behavioral
tasks cannot be fully differentiated by the task-related single neurons alone and
suggest a model of cell~assembly coding to represent the tasks. Cross-correlation
analysis among activities of simultaneously recorded multiple neurons supported
the suggested cell-assembly model.

The above study concludes that dual-representation by hippocampal single
neurons and cell assemblies is working in memory processing of pitch and tempo-
ral information of auditory stimuli. The single neurons represent both auditory
pitches and their temporal lengths and the cell assemblies represent types of tasks

(contexts or situations) in which the pitch and the temporal information are
processed. This manner of representation of information can provide both the
experimental and theoretical framework to detect the real dynamic features of
information processing by the brain.




