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INTRODUCTION

This walk through is going to bring you through Group ICA analysis of functional MRI
(fMRI) data [1]. For a detailed explanation of the toolbox, please see the manual. The
functional data for three subjects is located in the ‘example_subjects.zip’ file.

More information on the task the subject performed while in the scanner is given in the
Appendix A. The Appendix section also contains information on defaults used in the
GIFT toolbox and other information. Please report suggestions or comments to
vcalhoun@gsu.edu or ceierud@gsu.edu.

For quick information on a particular topic click the Help button (Figure 1), this opens
HTML help manual in the default web browser. GIFT-Help menu plotted on main figure
windows opens the HTML page for that topic in the web browser. Each example subject
also contains a functional data set, which contains only one brain slice. If you are having
problems with this toolbox you may test this with a smaller data set.

INSTALLING GIFT
Unzip the ZIP-file from github to your local machine and add GIFT directories to
the MATLAB search path or run the ‘gift.m’ file to automatically add GIFT directories.
Latest GIFT zip-file is downloadable from GITHUB, using following steps:
1) On web browser go to https://github.com/trendscenter/gift
2) Click the green [Code] button (a drop down menu appears)
3) Click “Download ZIP” from the menu

After the GIFT path is set, GIFT toolbox (Figure 1) opens in a new figure window. There
is also an option to run group ICA using a batch script (See manual). Batch script is very
useful for running large data sets.

INSTALLING EXAMPLE SUBJECTS

Download the ‘example_subjects.zip’ file and unzip into an appropriate directory.

Subjects are found at:

https://trends-public-website-

fileshare.s3.amazonaws.com/public_website files/software/gift/data/example subjects.zip

Included in this file are three subject’s preprocessed fMRI data from a visuomotor task
(Appendix A). Whole brain and single slice data (for rapid testing) are provided.

MAIN MANUAL
More information and references are found in our main manual found at:
https://github.com/trendscenter/gift/blob/master/doc/gica manual.pdf



https://github.com/trendscenter/gift
https://trends-public-website-fileshare.s3.amazonaws.com/public_website_files/software/gift/data/example_subjects.zip
https://trends-public-website-fileshare.s3.amazonaws.com/public_website_files/software/gift/data/example_subjects.zip
https://github.com/trendscenter/gift/blob/master/doc/gica_manual.pdf
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Figure 3.1: GIFT Toolbox

STEPS INVOLVED IN GIFT

The GIFT mainly consists of analysis functions and visualization options. This
document takes the reader step-by-step first through the analysis and then onto the
visualization parts of GIFT.

1.1 ANALYSIS FUNCTIONS

1.1.1 Setup ICA Analysis

When you click Setup ICA button (Figure 3.2, figure numbers matches our main manual), Setup ICA GUI
(Figure 3.3) will open after you have selected the output directory for the analysis. Setup ICA is the GUI
used for entering parameters required for group ICA. Figure 3.3 shows the main user interface
controls. Some of the parameters are plotted in ”Setup ICA-Defaults” menu (Figure 3.4). It is
recommended that after entering the parameters in the main figure window parameters plotted in
menu be changed. The parameters are explained below:



Main User Interface Controls

e Enter Name (Prefix) Of Output Files’ is the prefix string to all the output files created by GIFT.
This should be a valid character name as the files will be saved using this prefix. Avoid
characters like )\, /, :, *, ?,”, <and > in the prefix.

e ‘Have You Selected the fMRI Data Files?’ Click on the push button Select to select the data.
There are two options for selecting the data as explained in Section 3.6.3. After the data is
selected, the push button Select will be changed to popup with 'Yes’ and ‘No’ as the options.

o Yes' - Data reduction steps will be enabled if you have selected the parameters
previously with the same output prefix.

o ’No’ - the data can be selected again

o Note: After the data-sets are selected, a file will be saved with suffix Subject.mat. This
MAT file contains information about number of subjects, sessions and files.

e ’'Do you want to estimate the number of independent components?” Components are
estimated (Y.-O. Li, T. Adali and V. D. Calhoun, 2007) from the fMRI data using the MDL criteria.
All the data-sets or a particular data-set can be used to estimate the components. When all the
data-sets are used, components are estimated for each data-set separately. Mean, median,
max and standard deviation are reported in a dialog box.

e ’'Number of IC’ refers to the number of independent components that will be extracted from
the data.

o Note: If you have selected Constrained ICA (Spatial) and GIG-ICA algorithms, the number
of independent components is set to the number of spatial reference files selected.

e Do you want to auto fill data reduction values?’ By default this option is set to 'Yes’ when the
data is selected and the ‘Number of IC’ is set to 20. If there are more than one data reduction
step, initial PC numbers are set to 1.5 times the number of final components.

e 'Which Algorithm Do You Want To Use?’ There are 16 ICA/IVA algorithms available like Infomax,
FastICA, ERICA, SIMBEC, EVD, JADE OPAC, AMUSE, SDD ICA, Semi-blind Infomax, Constrained
ICA (Spatial), Radical ICA, Combi, ICA-EBM, ERBM, IVA-GL, GIG-ICA and IVA-L.

e "Which Group ICA Analysis You Want To Use?’ Options are 'Regular’, ’ICASSO’ and ‘MST’. When
you select 'ICASSO’ or ‘MST’, ICA is run several times and the best estimate for each component
is used (See Section 3.13.1). Please note that algorithms like JADE OPAC, Constrained ICA
(Spatial), GIG-ICA and IVA-GL don’t work with ICASSO. If you want to run stability analysis on
IVA-GL algorithm, select ‘MST’. When you select ‘MST’, best run is selected using the highest
correlation between the selected component estimates and t-maps obtained using all ICA/IVA
runs. Please see (W. Du, S. Ma, G-S. Fu, V. Calhoun, and T. Adali, 2014) for more information.

e ‘How Do You Want To Run Group ICA? Options are ‘Serial’ and ‘Parallel’. Enter the number of
MATLAB workers desired when group ICA is run in parallel. If Parallel Computing Toolbox is not
installed, parts of code are run in separate MATLAB sessions.

Note: If the auto fill data reduction steps drop down box is set to ‘No’ after entering the prefix, check
the numbers for principal components by clicking the ”Setup-ICA Defaults” menu. (Figure 3.4).
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'Select Type Of Data Pre-processing’ - Data is pre-processed prior to the first data reduction.
Options are discussed below:

o ’Remove Mean Per Timepoint’ - At each time point, image mean is removed.

o ’'Remove Mean Per Voxel’ - Timeseries mean is removed at each voxel.

o ’Intensity Normalization’ - At each voxel, time-series is scaled to have a mean of 100.
When intensity normalization is selected as the pre-processing step, don’t use Z-scores
or percent signal change for scaling components.

o ‘Variance Normalization’ - At each voxel, time-series is linearly detrended and converted
to z-scores.

"What Mask Do You Want To Use?’ There are two options like ‘Default Mask’ and ’Select Mask’.
o ‘Default Mask’ - Mask is calculated using all the files for subjects and sessions or only
the first file for each subject and session depending upon the variable
DEFAULT_MASK_OPTION value in defaults. Boolean AND operation is done to include
the voxels that surpass the mean of each subject’s session.
= Note: By default first file for each subject session is selected because using all
the files is time consuming. You can use all the files for each subject and session
by setting variable DEFAULT_MASK_OPTION value to ‘all_files’.
o ’Select Mask’ - You can specify a mask containing the selected regions for the analysis.
This mask must be in Analyze or Nifti format.
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'Select Type Of PCA’ - There are five options like ‘Standard’, ’Expectation Maximization’, 'SVD’,
‘MPOWIT’ and ‘STP’. PCA options window (Figure 3.5) will change depending on the type of
PCA selected.



o Standard
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= ‘Do You Want To Stack Datasets?’ - Options are 'Yes’ and 'No’.

e ’'Yes’ - Data sets are stacked to compute covariance matrix. This option
assumes that there is enough RAM available to stack the data sets and
for computing covariance matrix. Please note that full storage of
covariance matrix is required when you select this option. Storing
covariance matrix in memory is expensive for large data.

e ’'No’ — GIFT subsamples data in voxel dimension or loads a pair of data
sets at a time to compute covariance matrix. This option uses less
memory compared to stacked data option but requires multiple data
loads and is very slow for large data.

= ’Select Matrix Storage Type’ - Options are ‘Full’ and 'Packed’. You have the
option to store only lower triangular portion of the symmetric matrix with the
packed storage scheme.

= ’Select Precision’ - Options are ‘Double’ and ’Single’. Single precision uses 50%
less memory required when compared to double precision. Single precision is
accurate up to 7 digits after decimal point.

= ’Select Eigen Solver Type’ - Options are 'Selective’ and "All’. These options will be
used only for the packed storage scheme.

e ’Selective’ - Only a few desired eigen values are computed. This option
will compute eigen values faster when compared to ’All’ option.
However, if there are convergence issues use option ‘All’ to compute
eigen values.

e ’All' - All eigen values are computed. We recommend to use this option
for computing eigen values only when the selective eigen solver doesn’t
converge.

Expectation Maximization (EM PCA) has fewer memory constraints and is advantageous
over standard PCA when only few eigen values need to be computed from a large data-
set (S.Roweis, 1998). PCA options of this approach are discussed below:

= ‘Do You Want To Stack Datasets?’ - Options are 'Yes’ and 'No’.

e ’'Yes’ - This option assumes that there is enough RAM available to stack
the data sets.

e ’'No’ — By default, GIFT runs MPOWIT when all data is not loaded in
memory as EM PCA is very slow for large data.

= ’Select Precision’ - Options are ‘Double’ and 'Single’.
= ’Select Stopping Tolerance’ - Norm of residual error is used. Residual error is
computed by subtracting the transformation matrix at the current iteration from
the previous iteration.
= ’Enter Max No. Of Iterations’ - Maximum number of iterations to use.
SVD - Singular value decomposition (SVD) is preferable when the data is ill-conditioned.
Memory requirements of SVD are similar to covariance based PCA.
= ’Select Precision’ - Options are ‘Double’ and ’Single’.



= ’Select Solver’ - Options are ’Selective’ and "All’.

o MPOWIT — MPOWIT is very useful technique for analyzing large data. The algorithm

uses larger subspace than the desired number of components and checks for
convergence of desired number of components only.
= ‘Do You Want To Stack Datasets?’ - Options are 'Yes’ and 'No’.
e ’'Yes’ - This option assumes that there is enough RAM available to stack
the data sets.
e ’'No’ — STP estimates are used as initial PCA subspace to minimize the
number of data-loads.
= ’Select Precision’ - Options are ‘Double’ and ’Single’.
= ’Select Stopping Tolerance’ - Norm of residual error is used. Residual error is
computed by subtracting the eigen values in the current and previous iterations.
= ’Enter Max No. Of Iterations’ - Maximum number of iterations to use.
= ‘Enter block multiplier’ — Default value is set to 10.
STP - Subsampled Time PCA borrows the concept from 3 step data reduction PCA by
dividing the data into groups. STP overcomes the shortcomings of 3 step PCA by
avoiding whitening in the intermediate PCA stage and updates PCA estimates for each
group selected instead of stacking estimates from the intermediate PCA step. STP is an
efficient approach for analyzing large data as there is only a single pass over the data.
Also, STP estimates could be used as an initial PCA subspace in the MPOWIT algorithm.
Options are discussed below:
= ’Select Precision’ - Options are ‘Double’ and ’Single’.
= ‘Enter number of intermediate components to retain’ — Default value is set to
500 for obtaining accurate estimates.
= ‘Select number of subjects in each group’ — Default value is set to 10. If you have
less memory on your Operating system, select a value of 4.

Note: Before setting up analysis, please see icatb_mem_ica.m script to get a close estimate of the RAM
required for all the analysis types. In general for better performance, stack data-sets using single
precision. However, if memory is an issue don’t stack data-sets and use MPOWIT or STP methods to
estimate PCA subspace. By default, GIFT will save MAT files in the uncompressed format (-v6). Always
use uncompressed format if you want a better performance during the analysis phase.

e 'Select The Type Of Group PCA’ — These options are only used if you are using 2 data reduction

approach. Options are ‘subject specific’ and ‘grand mean’.

(@)

O

'Subject Specific’ - PCA is done on each data-set before doing group PCA.
’Grand Mean’ - Each data-set is projected on to the eigen space of the mean of all data-
sets before doing group PCA (MELODIC, 2004). This PCA requires that time points or

number of images are the same between the data-sets.



Note: Subject specific approach retains maximum variance at the individual level PCA when compared

to the grand mean approach. Grand mean approach retains more variance at the group PCA when

compared to the subject specific approach.

e ’'Select The Backreconstruction Type’ - Options are ’Regular’ (GICA2), ’Spatial-temporal

regression’, 'GICA3’ and 'GICA’. GICA2 and GICA3 are not shown in the GUI but can be called in

the batch script.

(@)

'Regular’ - Regular or GICA2 has one desirable property that the sum of the
reconstructed subject spatial maps equals the aggregate spatial map. However, product
of time courses and spatial maps doesn’t estimate the PCA reduced data.
’Spatial-temporal Regression’ - Back reconstruction is done using a two step multiple
regression (N. Filippini, B. J. MacIntosh, M. G. Hough, G. M. Goodwin, G. B. Frisoni, S. M.
Smith, P. M. Matthews, C.F. Beckmann, and C. E. Mackay, 2009). In the first step,
aggregate component spatial maps are used as basis functions and projected on to the
subject’s data resulting in subject component time courses. In the second step, subject
component time courses are used as basis functions and projected on to the subject’s
data resulting in component spatial maps for that subject.

'GICA3’ - GICA3 has two desirable properties that the sum of the subject spatial maps is
the aggregate spatial map and the product of the time courses and spatial maps
estimate the data to the accuracy of the PCA’s. Please see (E. Erhardt, S. Rachakonda, E.
Bedrick, T. Adali, and V. D. Calhoun, 2010) for more information.

"GICA” — GICA (V.D. Calhoun, T. Adali, G.D. Pearlson, and J.J. Pekar, 2001) is a more
robust tool to back reconstruct components when compared to GICA2 and GICA3 for

low model order.

Note:

= GICA, GICA2 and GICA3 back reconstruction methods use the PCA whitening and
dewhitening matrices to reconstruct subject spatial maps and timecourses. GICA
and GICA2 timecourses are similar to the timecourses obtained using Spatial-

temporal Regression.



= Spatial maps obtained using GICA2 are exactly equal to the GICA3 method.
= All the back reconstruction methods give the same spatial maps and timecourses
for one single subject single session analysis.
= GICA, GICA2 and Spatial-temporal Regression component timecourses are
equivalent when 100% variance is retained in the first step PCA.
‘Do You Want To Scale The Results?’ The options available are ‘No Scaling’, 'Scale To Original
Data(%)’, 'Z-Scores’, ‘Scaling in Timecourses’ and 'Scaling in Maps and Timecourses’.’

o Scale To Original Data(%)’ - Each subject component image and time course will be
scaled to represent percent signal change.

o 'Z-Scores’ - Each subject component image and time course will be converted to Z-
scores. Standard deviation of image is calculated only for the voxels that are in the
mask.

o 'Scaling in Timecourses’ - Spatial maps are normalized using the average of top 1%
voxels and the resulting value is multiplied to the timecourses.

o ’Scaling in Maps and Timecourses’ - Spatial maps are scaled using the standard deviation

of timecourses and timecourses are scaled using the maximum spatial intensity value.

Note: By default, subject component images are centered based on the peak of the

distribution. Please see variable CENTER_IMAGES in icatb_defaults.m.

‘Select Group ICA Type’ — Options are ‘Spatial’ and ‘Temporal’. By default, GIFT uses spatial ICA.
Options are described below:

o ‘Spatial’ — Independent components are estimated by maximizing independence in
space.

o ‘Temporal’ - Independent components are estimated by maximizing independence in
time.

"How Many Reduction (PCA) Steps Do You Want To Run?’ A maximum of two reduction steps is
provided. If the number of data-sets are greater than one, option is provided to use one or two
data reductions. For the example data-set, two reduction steps are automatically selected.

o If you are using IVA-GL or IVA-L, each subject’s data is PCA reduced and whitened. There
is no data reduction prior to running ICA if you use Constrained ICA (spatial) and GIG-ICA
algorithms.

o If you have selected one data reduction step when analyzing multiple data-sets, group
PCA is computed on the stacked pre-processed data-sets.



e ’'Number Of PC (Step 1)’ - Number of principal components extracted from each subject’s
session. For one subject one session this control will be disabled as the number of principal
components extracted from the data is the same as the number of independent components.

e ’'Number Of PC (Step 2)’ - Number of principal components extracted during the second
reduction step. This control will be disabled for two data reduction steps as the number of
principal components is the same as the number of independent components.

Figure 3.6 shows the completed parameters window. Press Done button after selecting all the answers
for the parameters. This will open a figure window (Figure 3.7) to select the ICA options. You can select
the defaults, which are already selected in the dialog box or you can change the parameters within the
acceptable limits that are shown in the prompt string. ICA options window can be turned off by
changing defaults (icatb_defaults.m). Currently, the dialog box is only available for the Infomax,
FastICA, SDD ICA, Semi-blind ICA, Constrained ICA (Spatial) algorithms and ERBM. After selecting the
options, parameter file for the analysis is created in the working directory with the suffix
ica_parameter_info.mat.

Note:

« Different analyses for the same functional data can be run by copying subject and parameter files
to a different directory.

o All the parameters can also be entered by using an input file (3.14.1, in the main manual) or using
the GICA command line (Section 3.15, in the main manual). Batch option is very useful for

analyzing large data-sets.
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1.1.2 Run Analysis

Run Analysis is the step used to perform the group ICA on fMRI data.

The parameter file required for the analysis should be selected (*ica_parameter_info.mat). This
file is the same file where you entered all the analysis information. Once the parameter file is
selected, a figure (Figure 3.8) will pop up showing the options for run analysis. The options are
as follows:

O

"All***” - All the group ICA steps are run at once. The analysis can also be run by
selecting steps from ‘Parameter Initialization’ to ‘Group Stats’ in order.

’Resume’ - Resume option is used to handle interrupted analysis. Resume option also
detects changes in the user input and runs the appropriate group ICA steps. For
example, if you changed back-reconstruction approach resume option runs the steps
from back-reconstruction to group stats. Resume option is currently disabled if you have
run analysis in parallel.

’Parameter Initialization” - All the variables that are needed later on or during the
analysis are declared and initialized. A parameter error check is also preformed to try
and catch errors before the group analysis begins.

‘Data Reduction’ — Depending on the number of data reduction steps and number of
data-sets, there is difference in how the common group PCA space is obtained. Please
see Section 4.1 for more information. Each reduced data is saved in a MAT file and will
be used in both ICA and back reconstruction steps.



o ’Calculate ICA’ - The concatenated data from the data reduction step is used and the
aggregate ICA components are saved in both MAT and Analyze (or Nifti) format.

o ’Back Reconstruction’ - For ‘GICA’, ’GICA2’ and "GICA3’, the aggregate components and
the results from data reduction are used to compute the individual subject components.
’Spatial-temporal Regression’ - The aggregate components and the original data are
used to compute the individual subject components. The individual subject components
are saved in Analyze (or Nifti) format.

o ’Calibrating Components’ - By default, components are in arbitrary units. Components
are scaled to percent signal change, Z-scores, scaling in timecourses or scaling in maps
and timecourses.

o ’'Group Stats’ - The individual back reconstructed components are used to compute a
mean spatial map and time course, a standard deviation spatial map and time course
and a t-statistic spatial map. The time course used for the t-statistic component is the
mean time course. These group stats components are calculated for each session and
are saved in Analyze (or Nifti) format. Results during each of the steps are printed to the
MATLAB command window. After the analysis is completed, Display GUI (Figure 3.10)
will open automatically for visualizing components.

e Group PCA Performance Settings - There are three options like ‘"Maximize Performance’, ’Less
Memory Usage’ and 'User Specified Settings’. Best match for each option is selected based on
the variable MAX AVAILABLE RAM.

o ’'Maximize Performance’ - Reduced data-sets from the first data reduction step are
stacked by default.

o ’'Less Memory Usage’ — Small groups of data-sets are loaded at a time in a memory.

o 'User Specified Settings’ - User specified PCA options are selected.

Note:

« All the analysis information is stored in the _results.log file. This file gets appended each time the
analysis is run with the same prefix for the output files.

e Run analysis steps can also be accessed from the command line.

e Joad(param_file); % Load parameter file (*ica*param*mat)
e sesinfo = icatb_runAnalysis(sesinfo, 1); % Run All Steps
e sesinfo =icatb_runAnalysis(sesinfo, 2); % Parameter
Initialization
e sesinfo =icatb_runAnalysis(sesinfo, 3); % Data Reduction
e sesinfo =icatb_runAnalysis(sesinfo, 4); % ICA
e sesinfo = icatb_runAnalysis(sesinfo, 5); % Back reconstruction
e sesinfo = icatb_runAnalysis(sesinfo, 6); % Scaling components
e sesinfo =icatb_runAnalysis(sesinfo, 7); % Group Stats
e sesinfo =icatb_runAnalysis(sesinfo, 8); % Resume interrupted analysis



« Option is provided in the GIFT to run a particular data reduction step. This is useful when a
particular data reduction step was already done and you would like to go to the next step without

re-running the earlier step.

e Joad(param_file); % Load parameter file (*ica*param*mat)
sesinfo.reductionStepsToRun = 2; %Run 2nd reduction only

e sesinfo = icatb_runAnalysis(sesinfo, 3); % Call Data
Reduction

» You could also switch between PCA types using command line. For example, the first data
reduction could be done using standard PCA and the memory intensive second data reduction

could be done using MPOWIT algorithm.

e Joad(param_file); % Load parameter file (*ica*param*mat)

® %% Run 1st data reduction using Standard PCA

e sesinfo.pcaType = ‘standard’; % Standard PCA
sesinfo.reductionStepsToRun = 1; % First reduction

e sesinfo = icatb_runAnalysis(sesinfo, 3); % Call data
reduction

® %% Run 2nd data reduction using MPOWIT

e sesinfo.pcaType = ‘mpowit’; % MPOWIT

e sesinfo.reductionStepsToRun = 2; % Second reduction

e sesinfo=icatb_runAnalysis(sesinfo, 3); % Call data
reduction

* By default, the component spatial maps and time courses will be written as Nifti files. You have
the option to compress image files according to their viewing set name like subject 1 session 1,
mean for session 1, etc. The variable used for compressing files is ZIP._ IMAGE FILES (Appendix
6.2).

1.1.3 Analysis Info

Analysis Info contains the information about the parameters, data reduction and the output files. Once
the analysis is done, click on the Analysis Info button on the GIFT main window and select the
parameter file that you want to look at. Then a figure (Figure 3.9) will pop up showing the information
contained within this window.
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1.2 VISUALIZATION METHODS

1.2.1 Display GUI

GIFT contains three main ways of visualizing the components after analysis like the Component
Explorer, the Composite Viewer and the Orthogonal Viewer. These three visualization options can be
used independently (Display Tools in Figure 3.2) or collectively using the Display GUI. This visualization
tool provides the user an easy way to explore all the three visualization options along with subject
component explorer.

The selected visualization method will be highlighted in colored text. By default, Component Explorer
visualization method will be selected after selecting the parameter file. Figure 3.10 shows the main
user interface controls. Some of the user-interface controls are shielded from the user and plotted in
the ”Display Defaults” menu (Figure 3.11). All the display parameters are explained below followed by
explanation of visualization methods:

Main user interface controls

'Sort Components’ - Components will be sorted spatially or temporally. This control will be

enabled only for Component Explorer visualization methods.

» ‘Viewing Set’ - This is the component viewing set to look at like subject 1 session 1, mean for
session 1, etc and will be disabled for Subject Explorer visualization method.

« "Component number’ - Component number/numbers to look at. This will be disabled for
Component Explorer visualization method.

« Load Anatomical - Load Anatomical button is used to select anatomical image. Component images
will be overlaid on this anatomical image. By default, first image of functional data will be used as

an anatomical image.

« Display - Display button is used to display the components of different visualization methods.

« Display Defaults menu - Hidden display parameters will be shown in a figure (Figure 3.11) when
you click on Display Defaults menu. This figure contains parameters like ‘Image Values’,
’Anatomical Plane’, "Threshold’, ’Slice Range’ and ‘Images Per Figure’. “"Display GUI Options” menu
can be used to change design matrix and selecting the text file (See Appendix 6.2) that contains
regressor information for temporal sorting. Select ‘Design Matrix’ for selecting design matrix for
temporal sorting. There are three options for selecting design matrix like "Same regressors for all
subjects and sessions’, ‘Different regressors over sessions’, 'Different regressors for subjects and
sessions’. The options are explained below:



- ‘Same regressors for all subjects and sessions’ - The regressors used will be the same over
data-sets. This will open a figure window for selecting SPM design matrix.

- 'Different regressors over sessions’ - The regressors used will be the same over subjects but
different over sessions. This will open a figure window for selecting SPM design matrix.

- 'Different regressors over subjects and sessions’ - Different regressors can be used for each
subject’s session. This will open a figure window for selecting a design matrix for each
subject.

User Controls in Display Defaults menu

‘Image Values’ - There are four options like 'Positive’, 'Positive and Negative’, 'Absolute’,
'Negative’. 'Positive’ and 'Negative’ refer to activations and de-activations on spatial map. You

should also look at the time course (flipped or un-flipped) to make the conclusion.

‘Convert To Z-scores’ - Converts spatial maps to z-scores.
"Threshold Value’ - This is the Z threshold value.

‘Images Per Figure’ - Number of images per figure for Component Explorer and Subject Explorer
visualization methods.

‘Anatomical Plane’ - This is the anatomical plane to look at for Component Explorer, Subject
Explorer and Composite Viewer.

’Slices Range’ - Slices plotted in mm. Slices in mm are calculated based on the anatomical data.
You can change this setting to not use the slices based on the anatomical data by setting
USE_DEFAULT_SLICE_RANGE variable value to 1 and specify the slices you want to plot in variable
SLICE_RANGE.
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1.2.1.1 Component Explorer

« Component Explorer is used to display all components of a particular viewing set. Therefore,
'Component Number’ control (Figure 3.10) will be disabled for this visualization method.

 Figure 3.10 shows the selected parameters for the Component Explorer. Click on Display button
and wait for the figures containing spatial maps to pop up. Figure 3.12 shows all the components
of mean for all subjects and sessions in groupings of four. By default all the slices in axial plane are

plotted. You can change these parameters by clicking on menu “Display Defaults” (Figure 3.11).

« The time course for each component is displayed on the top of the figure (Figure 3.12). The color
bar for each component is displayed next to it. Click on the time course for an enlarged view. Look
through the components by clicking on the arrow keys at the bottom of each figure. Find the
components of interest and take a note. With this data-set you should find two task related
components and one transiently related component. The task related components show
activation in the visual cortex. The act of classifying components becomes more difficult with
more complex tasks and is the motivation for adding the sorting option.
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Figure 3.11: Component Explorer
1.2.2 Subject Component Explorer
« Displays a specific component for all subjects, sessions, mean etc.

» When you click Subject button, the "Component Number’ user interface control will be enabled.

« Click Display button. Figure 3.13 shows the component '002’ of all the entries in the 'viewing set’.



. T T N T T TR —
File  Edit  Miew |nsert  Tools  Desktop  Window  Help  GIFT-Help N

A8 dS | RROPDEAL-S|0E 0O

s B iﬁ 29
DONDBGY
Y ITIIILE

LLL L L2t

Yisuo_tmap_component_ica_s1_002

QQQQQB&
WYY .

e D999
EEEYITIT

0066800
LLLL Lt

2882088
2008228

BEBEGLS
B HEE s

Figure 3.12: Subject Component Explorer
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1.2.3 Orthogonal Explorer

Orthogonal viewer is used to look at a component and compare it to the functional data.

Figure 3.14 shows one of the task related components.

Upper plot is the BOLD time course for the selected data-set in the popup window at the current
voxel. You can interactively select voxel by clicking on any of the slices. Lower plot shows the ICA
time course for the maximum voxel (red), minimum voxel (dotted red) and the selected voxel
(green).

When you click on Plot button top five components (of the selected viewing set in Display GUI) for
the selected voxel will be displayed. The maximum voxel and the location will be printed to the

command prompt. Option (Click on "Options” menu) is provided in the Figure 3.14 to enter the
voxel (real world coordinates) instead of navigating around the brain.
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Figure 3.13: Orthogonal Explorer



1.2.4 Composite Viewer

Composite viewer is used to look at multiple components of interest. Use the component explorer to
find the task related components. In the ‘Component Number’ user interface control, select the two
components that are task related. At most five different components can be overlaid on one another.
We used anatomical image ch2bet.nii from folder icatb/icatb _templates. Slices -40:4:72 mm are
selected (Figure 3.11). When you click Display button, Figure 3.15 will open in a new window.

Figure 2: Composite Viewer: Components: 2 4 = =
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Figure 3.14: Composite Viewer
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Figure 3.15: Selected parameters for sorting the components temporally.

1.3 SORTING COMPONENTS

Sorting is a way to classify the components. The components can be sorted either spatially or
temporally. For every independent component spatial maps and time courses are generated. Temporal
sorting is a way to compare the model’s time course with the ICA time course whereas spatial sorting
classifies the components by comparing the component’s image with the template. When you click
Component button, 'Sort Components’ popup box will be enabled. Select 'Yes’ for Sort Components’.
Click Display button then a figure (Figure 3.16) will open in a new window. We have implemented
three different types of sorting criteria like Correlation, Kurtosis and Multiple Linear Regression (MLR).
MLR can be a very useful method in separating the two task related components. First, temporal
sorting is explained followed by spatial sorting. The following are the steps involved in sorting
components:

1.3.1 Temporal Sorting

Multiple regression sorting criteria is used to explain the temporal sorting. We select all data-sets
(concatenated ICA time courses) and correlate with model time course. The regressors selected are
"right*bf(1)”, "right*bf(2)”, "left*bf(1)” and "left*bf(2)” time courses. After the calculation is done,
components are sorted based on the R-square statistic. The R-square statistic values and the slopes of
the regressors are printed to a text file with the suffix regression.txt. Partial correlations and the slopes



of the regressors are printed to a text file with the suffix partial_corr.txt. Figure 3.17 shows the
components sorted based on the MLR sorting criteria in groupings of four. Here you can see that the
first two components are task related. For a larger view of the time course plot (Figure 3.18) click on
the time course plot in the main window. A list of menus is plotted on the time course plot. The
explanation of each menu will be explained below:

Utilities: Utilities contain sub menus like “Power Spectrum”, ”Split-time courses” and "Event
Average”. When you click ”Split-time courses” sub menu, split of the time courses (Figure 3.19)
will be shown. Click on sub menu “Event Average” and select “right*bf(1)” reference function
to plot the event averages () of the ICA time courses. Explanation of the event average is given
in Section 3.12.10.
Options: ”Options” menu has sub menus like "Timecourse Options”, and ”Adjust ICA”.

o Timecourse Options: When you click on sub menu “Timecourse Options”, a new figure

window will open that has options for detrending the ICA time course, model time
course and options for event average. Explanation of this figure window is given in the
Appendix 6.3. Leave the defaults as shown in the figure.

Adjust ICA: Option is provided in this sub-menu to remove the variance of other than
selected regressor. When you click on sub menu ”Adjust ICA”, a list dialog box will open
to select the reference function. For now select the “right*bf(1)” time course. The ICA
time course is adjusted by removing the line fit of the model with the ICA time course
where model contains nuisance parameters and other than the selected reference
function. After the ICA time course is adjusted the plot is shown in the expanded view
time course plot (Figure 3.21). When you click on the sub menu ”Split-time courses” in
"Utilities” menu, a new figure window (Figure 3.22) showing the split of the adjusted
ICA time courses will be shown. Similarly click on sub menu ”Event-Average” in
"Utilities” menu and select the "right*bf(1)” reference function to view the event
averages (Figure 3.23) of the new ICA time courses.

Note: Event average can also be done without sorting components (Section 3.12.10). Please see
Appendix 6.2 for entering regressors through a text file for large data-sets.
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Figure 3.16: Components are sorted based on Multiple Regression criteria in groupings of four.
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)] Figure 7: Component 2 temporal multiple regression = 0.84677 = =
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Figure 3.17: Enlarged view of task related timecourse
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Figure 3.18: Figure shows the split of the concatenated time courses of all the data-sets. Mean is calculated
over all data-sets
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Figure 3.19: Event average
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Figure 3.20: Enlarged view of task related timecourse after removing variance of other than the selected
regressor (“right*bf(1)”).
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Figure 3.21: Figure shows the split of the concatenated time courses of all the data-sets after adjusting.
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Figure 3.22: Figure shows the event averages of the adjusted ICA time courses.

1.3.2 Spatial Sorting
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Components can be spatially sorted by defining the regions of interest or a spatial template. Presently,
there are four ways of sorting the components spatially like Multiple Regression, Correlation, Kurtosis and

Maximum Voxel.

e ’Select Sorting Criteria’
o The options available are 'Multiple Regression’, 'Correlation’, ’Kurtosis’ and "Maximum
Voxel’. Kurtosis criteria does not need a template for sorting the components. Multiple
Regression criteria can be used to select one or more templates.

e ’Select Sorting Type’

o Options are 'Temporal’ and 'Spatial’. Select 'Spatial’ option.

e ’Select Template’

o Template is used to define the regions of interest. For ‘Maximum Voxel' and ‘Correlation
criteria’ only one template should be used whereas for Multiple Regression more than one
template can be selected. All the templates are located in icatb_templates folder.

e ’Select component set to sort’

o Component set consists of individual subject’s sessions, mean over sessions and mean of all
subjects and sessions.

e Figure 3.24 shows the components of subject 1 session 1 sorted based on the MLR sorting criteria
in groupings of four. The templates used are RighTemplate.nii and LeftTemplate.nii. Here, you can
see that the first two components are task related.

e Figure 3.25 shows the components of subject 1 session 1 sorted based on the Maximum Voxel
sorting criteria in groupings of four. The template used is VisuomotorMask.img in the analysis
directory. The results are stored in a file with the suffix max_voxel.txt.
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Figure 3.23: Figure shows the components spatially sorted using Multiple Regression sorting criteria.
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Figure 3.24: Figure shows the components spatially sorted using Maximum Voxel sorting criteria.
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