REST-GCA readme: The Updated Version
1. Background
The Beta 1.0 version of REST-GCA supports only the signed path coefficient maps at a fixed order=1 condition. In order to implement a more general GCA program, we updated REST-GCA. The updated version integrates two algorithms: the coefficient-based GCA and the residual-based GCA. The updated version supports any order.
2. Introduction

      GCA is a method that based on multiple linear regression for investigating whether one time series could correctly predict another (Granger, 1969). For a typical temporal domain of GCA, an autoregressive model (AR model, Geweke, 1984) is constructed for data analyzing. Most studies of GCA on fMRI used F value which is based on the decrease of the variance of residual to investigate the causal effect (Londei et al., 2009). A study by Chen (Chen et al., 2009) used signed path coefficient instead to reveal the causal effect among brain regions. Both of the two algorithms of GCA hold advantages and are necessary for fMRI studies.
3. Model and method

3.1 The Coefficient-based GCA:

We followed Chen’s (Chen et al., 2009) extended model as following:
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REST-GCA will output the signed path coefficient maps (
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) and the autoregression coefficient maps (
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) at each order if users choose the coefficient-based condition.
3.2 The Residual-based GCA:
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From these definitions, it can be seen that:
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 can be defined as measures of linear directional influence from time series X to time series Y and, vice versa, Y to X. 
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 is the total linear dependence between time series X and time series Y. 
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 reflects an instantaneous influence between time series X and time series Y without directional information (Goebel et al., 2003).
REST-GCA will output the 
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 map and the 
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 map if users choose the residual-based condition. 
4. Usage: For details please see “Usage of REST-GCA.ppt”
5. Outputs:
5.1 ROI-wise GCA (coefficient-based):

The ROI-wise GCA in the current version of REST-GCA supports only two ROIs. The procedure of adding participants and ROIs definition is shown in “Usage of RESG-GCA.ppt”. REST-GCA will output two text files. The text file with the suffix name ‘resultx2y’ saves the signed path coefficients of X to Y and the autoregressive coefficients of Y. The text file with the suffix name ‘resulty2x’ saves the signed path coefficients of Y to X and the autoregressive coefficients of X.
Output text files of a single participant:

*_resultx2y.txt:                                 *_resulty2x.txt:
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Where 
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 are the signed path coefficients of X to Y and Y to X, respectively, at order p. 
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 are autoregression coefficients of Y and X, respectively, at order p.
5.2 ROI-wise GCA (residual-based):
       The text file with the suffix name ‘resultx2y’ saves the 
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 result. The text file with the suffix name ‘resulty2x’ saves 
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 result.
Output text files of a single participant:

*_resultx2y.txt:                                 *_resulty2x.txt:
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5.3 Voxel-wise GCA (coefficient-based):

Voxel-wise GCA (coefficient-based) calculates causal effects of an ROI time series on that of every voxel in the brain (X to Y) and the time series of every voxel in the brain on that of the ROI (Y to X). Users need to set an ROI. Covariates could be added. The output results are signed path coefficient maps with the suffix name ‘x2y’ and ‘y2x’ (
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) and the autoregression coefficients with the suffix name ‘AR’ (
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). When order (n) > 1, the names of the resultant maps are suffixed with the matched order (‘*x2y_1’, for example). 
5.4 Voxel-wise GCA (residual-based):
Voxel-wise GCA (residual-based) calculates the 
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 maps for each participant. The output results are 
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. The map with the suffix name ‘x2y’ is the 
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 map. The map with the suffix name ‘y2x’ is the 
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 map.
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