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 updated version of REST-GCA, released with 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.

The current REST-GCA version support signed-path coefficients multivariate GCA and integrates a batch mode coefficients computation for ROI-wise. For the multivariate-coefficients ROI-wise GCA, REST-GCA will output the signed-path coefficients’ matrix at each order.

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:
3.1.1 Bivariated coefficients:
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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) and autoregression coefficient maps (
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) at each order specified by users.

3.1.2 Multivariate coefficients:

   Assume that 
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 are time series of selected brain regions (n regions), the signed path coefficient multivariate GCA is:


[image: image8.wmf]t

p

i

p

i

t

n

n

i

i

nt

p

i

p

i

t

t

n

i

i

t

Z

C

i

t

Y

A

i

t

Y

A

Y

Z

C

i

t

Y

A

i

t

Y

A

Y

nn

n

n

e

e

å

å

å

å

=

=

=

=

+

+

-

+

+

-

=

+

+

-

+

+

-

=

1

1

1

1

1

1

1

11

1

)

(

)

(

)

(

)

(

1

1

K

M

K


The coefficients matrix is the output.
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:
If 
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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, 
[image: image32.wmf]p

t

l

-

=

. Then

[image: image33.wmf]2

/

1

'

)

3

/

)

1

(

)

((

-

-

-

=

®

®

p

F

p

t

F

y

x

y

x



[image: image34.wmf]2

/

1

'

)

3

/

)

1

(

)

((

-

-

-

=

®

®

p

F

p

t

F

x

y

x

y



[image: image35.wmf]s

m

F

Z

-

=

'


  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, covariate was added in the AR model as regressors instead of being regressed out. 
6. Outputs:
6.1 ROI-wise coefficient-base GCA
6.1.1 Multivariate coefficients

The text file will now contain the coefficient matrix at order i (i=1,2,…,p) as:


[image: image38.wmf]÷

÷

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

ç

ç

è

æ

i

i

i

i

i

i

i

n

i

i

nn

n

n

n

A

A

A

A

A

A

A

A

A

,

,

,

,

,

,

,

,

,

2

1

2

22

21

12

11

1

L

M

L

L

 see 3.1.2
(A11,A22,…,Ann) is the autoregression coefficients. The number of output text file is the same as the order. The suffix name of each output text file is the number of it’s order (e.g., GCA_subject001_order1.txt). Presume order is set to 3, REST-GCA will output 3 coefficient matrixes and saved in 3 separated text files.
6.1.2 Bivariate coefficients
The output result contains 3 text files at the current version: “GCA_*_X2Y.txt”, “GCA_*_Y2X.txt” and “GCA_*_ROI_sequence.txt”. The “GCA_*_X2Y.txt” and “GCA_*_Y2X.txt” saves the regression coefficients at “signed-path coefficients, autoregression coefficients” sequence (A1, A2,…, An, B1, B2,…, Bn, see 3.1.1, for X2Y; A1’, A2’,…, An’, B1’, B2’,…, Bn’ for Y2X). For batch mode when the ROI list contains 3 or more ROIs, users could view the “GCA_*_ROI_sequence.txt” for the computation sequence. For example, if the ROI list contain 3 ROIS (A, B and C), the ROI sequence will be recorded as 
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, which means that the result coefficients listed in “GCA_*_X2Y.txt” and “GCA_*_Y2X.txt” are for ROI_A & ROI_B at first line in, ROI_A & ROI_C at second coloumn and ROI_B & ROI_C at the third line. 
6.2 ROI-wise residual-based GCA
  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. 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 
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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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 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. 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. 
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