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The cell assembly hypothesis [1] postulates dynamically
interacting groups of neurons as building blocks of corti-
cal information processing. Synchronized spiking across
large neuronal groups was later suggested as a potential
signature for active assemblies [2], resulting in specific
higher-order correlations among assembly members.
Mathematical concepts for the treatment of higher-order
correlations in massively parallel spike trains have been
suggested in the past, but, due to constraints of insuffi-
cient sample sizes, estimation of higher-order parameters
from recorded data poses serious problems [3]. As a con-
sequence, most attempts to detect active cell assemblies
resort to pairwise interactions. However, pairwise
approaches do not imply the presence of higher-order
effects in large neuronal populations and are not sensitive
for sparse synchronous events [4]. The limited experimen-
tal evidence in favor of the cell assembly hypothesis must
to a large extent be assigned to the lack of suitable analysis
tools [5]. Massively parallel extracellular recordings, in
contrast, are nowadays widely available.

Here we present a novel procedure that allows us to detect
higher-order correlations in binned (filtered) multi-unit
spike trains. Based on estimates of only a few low-order
cumulants of such signals we can devise a test for the pres-
ence of higher-order correlations in the observed neuro-
nal population. The method circumvents the need to
estimate large numbers of higher-order parameters and,
therefore, is less susceptible than previous approaches to

the problems associated with limited sample sizes from in
vivo recordings [3,4]. The method was tested for correlated
Poisson processes where correlations of various orders
were induced by 'inserting' appropriate patterns of near-
synchronous spikes [6]. When applied to simulated data,
the test was found to be surprisingly sensitive, even for
cases where the effect of the higher-order patterns on pair-
wise correlation coefficients c were negligible (in the range
of c ~0.01, see [4]).

We present our test for rectangular filters that mimic the
binning and/or counting that is usually applied to extra-
cellular spike recordings. We discuss applications with
other types of filters that could make the proposed test
applicable for other signal types, e.g. intracellular mem-
brane potentials. Furthermore, the sensitivity and reliabil-
ity of the new method for data, where the Poisson
assumptions are not strictly satisfied, is critically dis-
cussed.
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