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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 com-
munity. 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 tech-
niques to multichannel datasets with little or no regard
for whether the channels fall into one of these proble-
matic categories. In this work, we address this issue
within the context of simple networks of coupled spik-
ing 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) neu-
rons. 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 fir-
ing frequency. We then apply four effective connectivity
measures to the datasets in the ensemble to obtain esti-
mates for the direction of interactions in the network.

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 net-

works of three neuronal oscillators by considering time
series features for all pairwise interactions in the net-
work 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 (probabil-
ity >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.

Author details
1Department of Electrical and Computer Engineering, University of Florida,
Gainesville, FL 32611, USA. 2Department of Biomedical Engineering,
University of Florida, Gainesville, FL 32611, USA. 3Department of Pediatrics,
University of Florida, Gainesville, FL 32611, USA. 4Department of Pediatrics,
Neuroscience, and Biomedical Engineering, University of Florida, Gainesville,
FL 32611, USA.

Published: 18 July 2011

References
1. Cadotte AJ, DeMarse TB, Mareci TH, Parekh MB, Talathi SS, Hwng DU,

Ditto WL, Ding M, Carney PR: Granger causality relationships between
local field potentials in an animal model of temporal lobe epilepsy.
J Neurosci Methods 2010, 189:121-129.

2. Sato JR, Takahashi DY, Arcuri SM, Sameshima K, Morettin PA, Baccala LA:
Frequency domain connectivity identification: An application of partial
directed coherence in fMRI. Human Brain Mapping 2009, 30:452-461.

* Correspondence: erinrt@gmail.com
1Department of Electrical and Computer Engineering, University of Florida,
Gainesville, FL 32611, USA
Full list of author information is available at the end of the article

Boykin et al. BMC Neuroscience 2011, 12(Suppl 1):P324
http://www.biomedcentral.com/1471-2202/12/S1/P324

© 2011 Boykin et al; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

http://www.ncbi.nlm.nih.gov/pubmed/20304005?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20304005?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18064582?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18064582?dopt=Abstract
mailto:erinrt@gmail.com
http://creativecommons.org/licenses/by/2.0


3. Smirnov D, Schelter B, Winterhalder M, Timmer J: Revealing direction of
coupling between neuronal oscillators from time series: Phase dynamics
modeling versus partial directed coherence. Chaos 2007, 17:013111.

4. Nalatore H, Ding M, Rangarajan G: Mitigating the effects of measurement
noise on Granger causality. Phys Rev E 2007, 75:031123.

doi:10.1186/1471-2202-12-S1-P324
Cite this article as: Boykin et al.: The applicability of effective
connectivity measures to time series of neuronal oscillators. BMC
Neuroscience 2011 12(Suppl 1):P324.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Boykin et al. BMC Neuroscience 2011, 12(Suppl 1):P324
http://www.biomedcentral.com/1471-2202/12/S1/P324

Page 2 of 2

http://www.ncbi.nlm.nih.gov/pubmed/17411247?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17411247?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17411247?dopt=Abstract

	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


