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The use of time series analysis techniques such as
Granger causality (GC), partial directed coherence
(PDC) and phase dynamics modeling (PDM) to estimate
effective connectivity in brain networks has recently
gained significant prominence in the neuroscience community. While these techniques have been useful in
determining the effective connectivity structure of brain
networks [1,2], the results they produce can be incorrect
when the recording channels have a high degree of
coherence [3] or a large bias in their degree of noise [4].
Nevertheless, it is standard practice to apply these techniques to multichannel datasets with little or no regard
for whether the channels fall into one of these problematic categories. In this work, we address this issue
within the context of simple networks of coupled spiking neurons. Specifically, we develop a method based on
decision tree classifiers to assess the ability of GC, PDC,
generalized PDC, and PDM to accurately determine
effective connectivity in a neuronal network.
We begin by generating an ensemble of time series
datasets by systematically varying the parameters of a
simple network of two coupled Morris-Lecar (ML) neurons. The varied parameters include the coupling type
(linear diffusive, nonlinear fast threshold, nonlinear
synaptic), coupling strength, intrinsic firing rates and
noise levels. Next, we characterize each dataset of the
ensemble using the following time series features:
i) phase coherence, ii) difference in the coefficient of
variation of interspike intervals, iii) mean coefficient of
variation of interspike intervals, and iv) difference in firing frequency. We then apply four effective connectivity
measures to the datasets in the ensemble to obtain estimates for the direction of interactions in the network.
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These results are used to label the datasets as “correct”
(+1) or “incorrect” (0) depending on whether the
measure correctly or incorrectly predicts the known
connectivity structure of the underlying ML network.
Finally, we use the calculated time series features and
the labeled ML network datasets to develop a decision
tree classifier.
We apply the decision tree classifiers to larger networks of three neuronal oscillators by considering time
series features for all pairwise interactions in the network and determining the conditions under which the
effective connectivity measures can successfully detect
directionality of coupling in these systems. We find that
if a majority of pairwise interactions in the network are
classified as 0 for a given measure, then that measure
should not be applied since it will most likely (probability >50%) result in failure. Extending our observations to
multichannel datasets with greater than three nodes, we
conclude that if all pairwise interactions in a network
are classified as 0 by our decision tree classifier, then a
given measure should not be applied to the data since
effective connectivity estimates are likely to be incorrect.
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