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Self-organized critical (SOC) systems are complex dynam-
ical systems that may express cascades of events, called
avalanches [1]. The SOC state was proposed to govern
brain function, because of its activity fluctuations over
many orders of magnitude, its sensitivity to small input
and its long term stability [2,3]. In addition, the critical
state is optimal for information storage and processing
[4]. Both hallmark features of SOC systems, a power law
distribution f(s) for the avalanche size s and a branching
parameter (bp) of unity, were found for neuronal ava-
lanches recorded in vitro [5]. However, recordings in vivo
yielded contradictory results [6]. Electrophysiological
recordings in vivo only cover a small fraction of the brain,
while criticality analysis assumes that the complete system
is sampled. We hypothesized that spatial subsampling
might influence the observed avalanche statistics. In addi-
tion, SOC models can have different connectivity, but
always show a power law for f(s) and bp = 1 when fully
sampled. This may not be the case under subsampling,
however. Here, we wanted to know whether a state change
from awake to asleep could be modeled by changing the
connectivity of a SOC model without leaving the critical
state.

We simulated a SOC model [1] and calculated f(s) and bp
obtained from sampling only the activity of a set of 4 × 4
sites, representing the electrode positions in the cortex.
We compared these results with results obtained from

multielectrode recordings of local field potentials (LFP) in
the cortex of behaving monkeys. We calculated f(s) and bp
for the LFP activity recorded while the monkey was either
awake or asleep and compared these results to results
obtained from two subsampled SOC model with different
connectivity.

f(s) and bp were very similar for both the experiments and
the subsampled SOC model, but in contrast to the fully
sampled model, f(s) did not show a power law and bp was
smaller than unity. With increasing the distance between
the sampling sites, f(s) changed from "apparently super-
critical" to "apparently subcritical" distributions in both
the model and the LFP data. f(s) and bp calculated from
LFP recorded during awake and asleep differed. These
changes could be explained by altering the connectivity in
the SOC model.

Our results show that subsampling can prevent the obser-
vation of the characteristic power law and bp in SOC sys-
tems, and misclassifications of critical systems as sub- or
supercritical are possible. In addition, a change in f(s) and
bp for different states (awake/asleep) does not necessarily
imply a change from criticality to sub- or supercriticality,
but can also be explained by a change in the effective con-
nectivity of the network without leaving the critical state.
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