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When studying real world complex networks, one rarely
has full access to all their components. As an example,
the central nervous system of the human consists of
10'! neurons which are each connected to thousands of
other neurons [1]. Of these 100 billion neurons, at most
a few hundred can be recorded in parallel. Thus obser-
vations are hampered by immense subsampling. While
subsampling does not affect the observables of single
neuron activity, it can heavily distort observables which
characterize interactions between pairs or groups of
neurons [2]. Without a precise understanding how sub-
sampling affects these observables, inference on neural
network dynamics from subsampled neural data remains
limited.

We systematically studied subsampling effects in three
self-organized critical (SOC) models, since this class of
models can reproduce the spatio-temporal activity of
spontaneous activity observed in vivo [2,3]. The models
differed in their topology and in their precise interaction
rules. The first model consisted of locally connected
integrate- and fire units, thereby resembling cortical
activity propagation mechanisms [2]. The second model
had the same interaction rules but random connectivity
[4]. The third model had local connectivity but different
activity propagation rules [5]. As a measure of network
dynamics, we characterized the spatio-temporal waves of
activity, called avalanches. Avalanches are characteristic
for SOC models and neural tissue [6]. Avalanche mea-
sures A (e.g. size, duration, shape) were calculated for
the fully sampled and the subsampled models. To
mimic subsampling in the models, we considered the
activity of a subset of units only, discarding the activity
of all the other units.
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Under subsampling the avalanche measures A
depended on three main factors: First, A depended on
the interaction rules of the model and its topology, thus
each model showed its own characteristic subsampling
effects on A. Second, A depended on the number of
sampled sites n. With small and intermediate 7, the true
A~ could not be recovered in any of the models. Third,
A depended on the distance d between sampled sites.
With small d, A was overestimated, while with large d,
A was underestimated.

Since under subsampling, the observables depended
on the model’s topology and interaction mechanisms,
we propose that systematic subsampling can be
exploited to compare models with neural data: When
changing the number and the distance between electro-
des in neural tissue and sampled units in a model analo-
gously, the observables in a correct model should behave
the same as in the neural tissue. Thereby, incorrect
models can easily be discarded. Thus, systematic sub-
sampling offers a promising and unique approach to
model selection, even if brain activity was far from
being fully sampled.

Acknowledgements

VP received support from the Max Planck Society. VP, MW and JT received
support from LOEWE Grant Neuronale Koordination Forschungsschwerpunkt
Frankfurt (NeFF).

Author details

"Max Planck Institute for Brain Research, Frankfurt, 60486, Germany.
“Frankfurt Institute for Advanced Studies, Frankfurt, 60438, Germany. *Goethe
University, MEG Unit, Frankfurt, 60325, Germany.

Published: 8 July 2013

References

1. Pakkenberg B, Gundersen HJG: Neocortical neuron number in humans:
Effect of sex and age. The Journal of Comparative Neurology 1997,
384:312-320.

2. Priesemann V, Munk MHJ, Wibral M: Subsampling effects in neuronal
avalanche distributions recorded in vivo. BMC Neurosci 2009, 10:40.

© 2013 Priesemann 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/9215725?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9215725?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19400967?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19400967?dopt=Abstract
mailto:viola.priesemann@brain.mpg.de
http://creativecommons.org/licenses/by/2.0

Priesemann et al. BMC Neuroscience 2013, 14(Suppl 1):P414 Page 2 of 2
http://www.biomedcentral.com/1471-2202/14/51/P414

3. Petermann T, Thiagarajan TC, Lebedev MA, Nicolelis MAL, Chialvo DR,
Plenz D: Spontaneous cortical activity in awake monkeys composed of
neuronal avalanches. PNAS 2009, 106:15921-15926.

4. Dhar D: Theoretical studies of self-organized criticality. Physica A:
Statistical Mechanics and its Applications 2006, 369:29-70.

5. Drossel B, Schwabl F: Self-organized critical forest-fire model. Phys Rev Lett
1992, 69:1629-1632.

6. Beggs JM, Plenz D: Neuronal avalanches in neocortical circuits. J Neurosci
2003, 23:11167-11177.

doi:10.1186/1471-2202-14-S1-P414

Cite this article as: Priesemann et al: Learning more by sampling less:
subsampling effects are model specific. BMC Neuroscience 2013
14(Suppl 1):P414.

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

e Convenient online submission

e 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 BiolVied Central



http://www.ncbi.nlm.nih.gov/pubmed/19717463?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19717463?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10046273?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14657176?dopt=Abstract

	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


