TRENTOOL: An open source toolbox to estimate neural

directed interactions with transter entropy Ny

"Michael Wibral, 2Raul Vicente, Viola Priesemann,*Michael Lindner [ty

'"MEG Unit, Brain Imaging Center, J.W. Goethe University, ?Frankfurt Institute for Advanced Studies, Frankfurt/Main, Germany;

SMax Planck Institute for Brain Research, Frankfurt Germany; “Center for Economics and Neuroscience, University of Bonn, Germany

*corresponding author: wibral@bic.uni-frankfurt.de

download at WWW.TRENTOOL.DE
MAX-PLANCK-GESELLSCHAFT

Where is something going on? (A) Neural systems respond nonlinearly (B) Linear analyses applied to nonlinear phenomena
Determination of on many scalles may go wrong ... since we do not know the

the network's nodes — S g neuron level nonlinearity we have to use model free analyses.
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Transfer entropy can be seen as the most natural implementation of Wiener's prin-
ciple !
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K= a0 K= B et S o R S developed recently [Ragwitz, Kraskov |. Moreover, when analysing directed inter-
: Ve 1-0+ S A s actions in noisy neural data, TE is only a biased metric to be used in the usual
statistical tests -this places an additional burden on the user.
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(Left) TRENTOOL [Lindner] in a Nutshell: TRENTOOL uses the data format of the open
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6 Dl Enlssdili or Ragwitz' criterion P t f d I b dd' t t' ” bt . d f th d t TE I t_ DeteCtion Of unidireCtionaI direCted
= : arameters for delay em" edding are automatically obtained from the data. values are esti- interactions between retina and optic
= | sy G20 | B mated by the Kraskov-Stogbauer-Grassber- P i o e et " tectum in freshwater turtle.
L1 D I ger estimator [Kraskov] and subjected to a . ,, . (D)
— [Schreiber]py : . . . . g' (A) Daté Handling o  all'n datasets for group analysis A S 100 ' ~ Stimulus C * Light
; | statistical test against suitable surrogate : e and : | z | —ratun | s p =S
| data. Experimental effects can then be tested & AL = O @ %
on a second level. Results can be plotted . B - common e B e e e S
using Fieldtrip layout formats. e e om ot Taroun_cacute 2T e o S
cao.mex or TEragwitz.m = p—— % ol ptic Tectum
(Right) Detailed flow chart of TRENTOOL's architecture, indicating the flow : o ”
% shifted< B 28> 0 0.2 0.4
Of data- % z:afiad é . .timeins o .
A) All data have to pass through TEprepare.m for parameter estimation.  ; (B) ¢ (C) Phmmpowes 7 : :  Application to cognitive neuroscience:
d o d Calculate TE e
(B) For the detection of significant directed interactions data are thenpassed § [ | | ¢ ) ) i) :  MEG source connectivity [Wibral-a] for
to TEsurogatestats.m , where they are statistically compared by permutati- { <= R § | grovslondion comparen. g succestul detection of a face (red) and
on testing against suitable surrogate data, cerated by trial shuffling of block &~ qmee" ) i e | 2 I ¢ foran unsuccestul attempt (blue)
resampling. snted aasmisurogates | § | Condshiedens | 2 “between data and : [Wibral-b].
(C) For the statistical comparison of interaction strength within units of ob- — :
servation (e.g. subjects) TEconditionstatssingle.m can be used, again re- PN soweenconand || e -
lying on permutation testing. R e ]| = :
(D) For the statistical comparison of interaction strength between groups of pp— ,,
. . . . . TEperm.m shift test “ Data Handling
units of observation (independent sample tests) the suite of functions: Shifttest B g dsta of TEgrop it
TEgroup_prepare.m, TEgroup-calculate.m and TEgroup_stats.m takes i Permistiontest] | g [P RS
. . . . e . . . surrogate data conditions H Permutation test
care of bias equalization, trivially parallel TE computation and statistical te- g | belweon the two datasets TE > TE e
Stl n g - . 'I(')I;jpt)peur:nstterstC ::::: Ilzszifsgaigg) TEpe()rLrjr:f:;ts(Zgﬁtiui’:s;-I:lE\::.s (L:I(I:necliri]t(ijon 2) outpu_lt_ ;:;usztlt’:;ese.‘ :E%éggmzzig'l;iﬁsum,
In all usage scenarios results can be corrcetd for EEG/MEG volume con- | | (rouploonilon 1 v groupleoniton 2
dUCtion (Iinear CrOSStaIk)' * single subject analysis * group analysis *
Ragwitz] Ragwitz M, Kantz H, Phys Rev E, 2002 Wibral-a] Wibral et al., Prog Biophys Mol Biol, 2011 . _
Schreiber] ~ Schreiber T, Phys Rev Lett, 2000 Wibral-b] Wibral et al., BIOMAG Conf. Dubrovnik, 2010 Acknowldgements: VP, RV and MW received support from LOEWE Grant
Vicente] Vicente R, et al., J Comp neurosci, 2011 Lindner] Lindner M, et al., under revision 'NeFF - Neuronal Koordination Forschungsschwerpunkt Frankfurt'
Kraskov] Kraskov A, et al., Phys Rev E, 2004




