REST-GCA readme
1. Update log
The Beta 1.0 version of REST-GCA was implemented on REST v1.3 and could only support signed-path coefficients at a fixed order = 1 condition.
The updated version of REST-GCA, released with REST v1.4, integrated both coefficient-based GCA and the residual-based GCA at any order.
The current version of REST-GCA implemented on REST v1.6 provides a method that could transform the residual-based F into normally distributed Z score. Users can perform parametric tests and ANOVA on Z score.
2. Background
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, 1982) 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 to reveal the granger causal effects among brain regions. 

The signed-path coefficients are considered to be normally distributed and could be used in parametric statistical analysis (e.g., t-test) for group level inference (Hamilton et al., 2010). For the residual-based F, however, many studies performed bootstrap or nonparametric tests (Roebroeck et al., 2005; Sridharan et al., 2008). The bootstrap technique at individual level is quite time-consuming and the power of nonparametric tests is low. We implemented a function on REST-GCA to transform the F to approximately normal-distributed F’ (Geweke 1982) and then to Z score which can further improve the normality. The group-level parametric statistical analysis and ANOVA can be performed on Z score. 
3. 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 signed path coefficient maps (
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[image: image5.wmf]n

B

 and 
[image: image6.wmf]'

n

B

) at each order specified by users.
3.2 The residual-based GCA (Goebel et al., 2003):
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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 (Goebel et al., 2003). 
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is the influence difference term that measures the net influence from X to Y (Roebroeck et al., 2005).
REST-GCA will output the 
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 map if users choose the residual-based condition.
3.3 The distribution of residual-based F
The distribution of residual-based F has been suggested to be approximately chi-square distribution (Geweke, 1982) under the hypothesis that:
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where 
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 is the number of time points. The transformation is as following (Geweke, 1982):
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will be approximately normal. In REST-GCA, 
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  where 
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 is the global mean of F’, and 
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 is the standard deviation of global F’.
REST-GCA will also output Z score. 
4. Usage: For details please see “Usage of REST-GCA.ppt” 
5. Covariates
In REST-GCA, covariates was added in the AR model as regressors instead of being regressed out. 
6. Outputs:
6.1 ROI-wise coefficient-base GCA 
The ROI-wise GCA in the current version of REST-GCA supports only two ROIs. The procedure of adding participants and ROIs definition are shown in “Usage of RESG-GCA.ppt”. REST-GCA will output two text files. The text file with suffix name “result_x2y” saves the signed-path coefficients of X to Y. The text file with suffix name “result_y2x” saves the signed-path coefficients of Y to X. The text file with suffix name “result_x2x_AR” saves the autoregressive coefficients of X. The text file with suffix name “result_y2y_AR” saves the autoregressive coefficients of Y.
Output text files of a single participant:
*resultx2y.txt   *resulty2x.txt   *resultx2x_AR.txt   *resulty2y_AR.txt
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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 autoregressive coefficients of Y and X, respectively, at order p.
6.2 ROI-wise residual-based GCA
  The text file with the suffix name “resultx2y” saves the 
[image: image44.wmf]y

x

F

®

 result. The text file with the suffix name “resulty2x” saves 
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 result. The text file with the suffix name “resultx2y_transformed” saves 
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 result. The text file with the suffix name “resulty2x_transformed” saves 
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 result. The test file with the suffix name “result_NetF”saves the 
[image: image48.wmf]net

F

result. It should be noted that the ROI-wise residual-based F can not be transformed to Z score.
  Output text files of a single participant:
   *resultx2y.txt:              *resulty2x.txt:  
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*resultx2y_transformed.txt:  *resulty2x_transformed.txt:
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*result_NetF.txt:
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6.3 Voxel-wise coefficient-based GCA
Voxel-wise GCA (coefficient-based) calculates causal effects of a time series of an ROI 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 autoregressive coefficients with the suffix name “AR” (
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). When order (n) > 1, the names of the resultant maps are suffixed with the corresponding order (‘*x2y_1’, for example).
6.4 Voxel-wise residual-based GCA
Residual-based voxel-wise GCA calculates the 
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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. The map with the suffix name “x2y_Transformed” is the 
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 map. The map with suffix name “y2x_Transformed” is the 
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6.5 Z score transformation
The Z score transformation can be applied on the voxel-wise GCA maps of both the coefficient-based and residual-based condition. The significance of application on Z score transformation on coefficient-based condition is unclear. This option of REST-GCA will transform all F’ maps to Z score maps with prefix letter “Z”. We performed Z score transformation on 30 resting-state fMRI dataset (http://www.nitrc.org/projects/fcon_1000. Biswal et al., 2010) and found that the Z score transformation significantly increased the normality of residual-based F (Zang et al., unpublished)
7. Statistical analysis
The resultant ( maps of coefficient-based GCA and the resultant F’ and Z maps of residual-based GCA could be used for parametric statistical tests. 
8. Acknowledgment
Thanks to Dong Zhangye, Yan Chaogan, Huang Jian and all the group members of Dr. Zang Yufeng!
9. References
Granger C. W. J. (1969) Investigating causal reslations by econometric models and cross-spectral     methods. Econometrica. 37, 424-438.
Geweke J. F. (1982) Measurement of linear dependence and feedback between multiple time series. J. Am. Stat. Assoc. 77, 304-324.
Londei A., D'Ausilio A., Basso D., Sestieri C., Gratta C. D., Romani G. L. and Belardinelli M. O. (2010) Sensory-Motor Brain Network Connectivity for Speech Comprehension. Hum. Brain Mapp. 31, 567-580.
Chen G., Hamilton J. P., Thomason M. E., Gotlib I. H., Saad Z. S. and Cox R. W. (2009) Granger Causality via Vector Auto-Regression Tuned for FMRI Data Analysis. Proc. Intl. Soc. Mag. Reson. Med. 17.
Goebel R., Roebroeck A., Kim D.S. and Formisano E. (2003) Investigating directed cortical interactions in time-resolved fMRI data using vector autoregressive modeling and Granger causality mapping. Magn. Reson. Imaging. 21, 1251-1261.
Roebroeck R., Formisano E. and Goebel R. (2005) Mapping directed influence over the brain using Granger causality and fMRI. NeuroImage. 25, 230-242.
Hamilton J. P., Chen G., Thomason M.E., Schwartz M.E. and Gotlib I.H. (2010) Investigating neural primacy in Major Depressive Disorder: multivariate Granger causality analysis of resting-state fMRI time-series data. Mol. Psychiatry. doi:10.1038/mp.2010.46.
Sridharan D., Levitin D.. J and Menon V. (2008) A critical role for the right fronto-insular cortex in switching between central-executive and default-mode networks. Proc. Natl. Acad. Sci. U.S.A. 105, 12569-12574.
Biswal B. B., Mennes M., Zuo X. N., Gohel S, Kelly C, Smith S. M., Beckmann C. F., Adelstein J. S., Buckner R. L., Colcombe S., Dogonowski A. M., Ernst M, Fair D., Hampson M., Hoptman M. J., Hyde J. S., Kiviniemi V. J., Kötter R., Li S. J., Lin C. P., Lowe M. J., Mackay C., Madden D. J., Madsen K. H., Margulies D. S., Mayberg H. S., McMahon K., Monk C. S., Mostofsky S. H., Nagel B. J., Pekar J. J., Peltier S. J., Petersen S. E., Riedl V., Rombouts S. A., Rypma B., Schlaggar B. L., Schmidt S., Seidler R. D., Siegle G. J., Sorg C., Teng G. J., Veijola J., Villringer A., Walter M., Wang L., Weng X. C., Whitfield-Gabrieli S., Williamson P., Windischberger C., Zang Y. F., Zhang H. Y., Castellanos F. X. and Milham M. P. (2010) Toward discovery science of human brain function. Proc. Natl. Acad. Sci. U.S.A. 107, 4734-4739.
_1366266574.unknown

_1366266662.unknown

_1366266797.unknown

_1366266922.unknown

_1366266940.unknown

_1366266949.unknown

_1366266957.unknown

_1366266960.unknown

_1366266952.unknown

_1366266944.unknown

_1366266926.unknown

_1366266880.unknown

_1366266917.unknown

_1366266869.unknown

_1366266678.unknown

_1366266691.unknown

_1366266699.unknown

_1366266682.unknown

_1366266670.unknown

_1366266674.unknown

_1366266666.unknown

_1366266639.unknown

_1366266650.unknown

_1366266654.unknown

_1366266643.unknown

_1366266623.unknown

_1366266628.unknown

_1366266578.unknown

_1366266416.unknown

_1366266524.unknown

_1366266533.unknown

_1366266541.unknown

_1366266569.unknown

_1366266545.unknown

_1366266537.unknown

_1366266527.unknown

_1366266516.unknown

_1366266520.unknown

_1366266464.unknown

_1366265299.unknown

_1366265319.unknown

_1366266212.unknown

_1366266409.unknown

_1366266412.unknown

_1366266396.unknown

_1366265329.unknown

_1366265333.unknown

_1366265334.unknown

_1366265330.unknown

_1366265320.unknown

_1366265303.unknown

_1366265314.unknown

_1366265315.unknown

_1366265313.unknown

_1366265301.unknown

_1366265302.unknown

_1366265300.unknown

_1366265295.unknown

_1366265297.unknown

_1366265298.unknown

_1366265296.unknown

_1366265293.unknown

_1366265294.unknown

_1366265291.unknown

