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Introduction

Definition of fMRI -CPCA Data

Constrained Principal Component Analysis (CPCA) is a general method for multivariate data
analysis that is in no way specific to neuroimaging. CPCA combines regression analysis and
principal component analysis into a unified framework. fMRI -CPCA uses CPCA to analyze
fMRI data, and derives images of functional neural networks that are constrained to be
relevant to timing of presented stimuli from cognitive experimentation. fMRlI -CPCA used
with a finite impulse response (FIR) model can be thought of as deconvolution PCA.

FMRI -CPCAwith a FIR model allows:

1. Determination of multiple functional neural networks responding to
stimulus presentation

2. Estimation of the pattern of BOLD changes associated with each
functional network over peristimulus time points
A statistical test of the r  eliability of the neural networks
A statistical test of the degree to which experimental manipulations affect
each functional network

5. An estimate of the percentage of variance in BOLD signal accounted for

by each neural network.

Purpose of this tutorial

The purpose of this tutorial is to guide you through your first simple fMRI -CPCA analysis on
example data. It does not demonstrate all of fMRI-CP CA6s f eatures or
explanation of how to interpret CPCA results. For a more extensive demastrations and

explanations refer to the fMRI-CPCA Manual available for download at

http://www.nitrc.org/frs/?group id=203

This tutorial will focus on the first two steps of fMRI -CPCA analysis (listad and bolded
above): You will extract two neural networks involved in a working memory task. For each
neural network you will be able to view a plot of the estimated HRF associated with this

network and view how the HRF changes for each task condition.

prov


http://www.nitrc.org/frs/?group_id=203

Prerequisites

This tutorial assumes you have the following installed on your computer:

1. MATLAB (ideally version 2008b or newer)
http://www.mathworks.com/

2. MRIcroN
http://www.mccauslandcenter.sc.edu/mricro/mricron/index.html

3. Windows, Mac or Linux


http://www.mathworks.com/
http://www.mccauslandcenter.sc.edu/mricro/mricron/index.html

Used Terms Glossary

Blood oxygen level

dependant (BOLD) signal

Component

Component loadings

fMRI scan

G matrix

Hemodynamic response
(HDR)

Mask

Predictor weights

Run

Time windows
(time bins)

TR

Z matrix

The dAacti vat imaged witmRls Chamrges in BOLD
signal are correlated with increases and decreases in blood flow
relative to increases and decreases in oxygen consumption.

In fMRI data, the extracted component(s) represent a network (or
networks) of functionally interconnected voxels. The networks are
imaged by superimposing component loadings on a brain template.

Can be interpreted as correlation coefficients between the
component scores and the BOLD signal that is predictable from the
imposed constraints (e.g., stimulus timing).

A whole brain image (TR, or repetition time) of BOLD signal values

for one point in time (usually 2 -3 seconds per TR). When taken
sequentially over time, these images can provide information about
which brain regions show increases and decreases in actigtion in

response to a particular perceptual or cognitive task.

Design matrix. G contains a model of the predicted BOLD signal
changes (columns) caused by stimulus presentation timing over all
fMRI scans (rows). In traditional univariate analy sis a
hemodynamic response model (HRF) is used, but with fMRI-CPCA
a finite impulse (FIR) response model is typically used to allow
deconvolution.

The change in brain blood flow that is assumed to be associated
with neural activity.

An image file specifying the regions of each fMRI scan that are
brain, and not other materials like bone or air. The brain voxels to
be included in the analysis are determined by the mask.

Indicate the contribution of each aspect of the G matrix model to
how each component changes over the series of fMRI scans. Car
also be interpreted (somewhat loosely) as the correlations between
the component scores and the columns of G.

One run is a complete sequence of fMRI scansassociated with one
completed run of an experiment. A full experiment usually consists

of anywhere from 1 to 8 runs, and each run usually consists of
approximately 200 to 300 full brain scans.

Segment of time of interest, for instance, peristimulus time. When
using a FIR model it is usually of interest to attempt to map the
entire hemodynamic response (x 20 seconds). Therefore time
window is usually between 16 and 24 seconds.

Repetition time. Time to collect one full -brain fMRI scan (2-3
seconds).

Z contains the time series of fMRI scans for all subjects (rows) for
all voxels of interest in the brain (columns). For fMRI data, Z can be
referred to as the Activation matrix.



Tutorial

Step 1: Install fIMRI  -CPCA

U Go to the fmri-cpca website:www.nitrc.org/projects/fmricpca
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i Ensure that fMRI_

fMRI-CPCA

principal component analysis into a unified framework. This method derives images of

= (Constrained Principal Component Analysis (CPCA) combines regression analysis and
functional neural networks from singular-value decomposition of BOLD signal time series

and allows derivation of images when the analyzed BOLD signal is constrained to the scans
occurring in peristimulus time. using all other scans as baseline
CPCA provides allows (1) determination of multiple functional networks involved in a task, (2) estimation of the
pattern of BOLD changes associated with each functional network over peristimulus fime points, (3)
quantification of the degree of inferaction between these multiple functional networks. and (4) a statistical test
of the degree to which experimental manipulations affect each functional network

fMRI CPCA provides all results in matiab mat file format, as well as writing images in analyze format for all
components, rotated and unrotated.

<4 Download Now LY sce All Files »
MRI_CPCA GUI: cpca_1.1.0.04_Apr_02_2013zip (1531K) lz‘ !
Specifications

Category: Principal Component Analysis, Regression

License: Freeware

Figure 1:NITRIC fMRI -CPCA web page

CPCA GUI has been selected in theDownload

Reviews &

User Reviews (3)

Ratings (7}

OVERALL: No Votes
INSTALLATION: Mo Votes
DOCUMENTATION: Mo Votes

Participate!

Report issues

Home Page
View Images

Naiing Lists: 2

Now

U Click onDownload Now to download the latest fMRI_CPCA GUI.zip file.

box.

U Extract the files into a folder of your choosing. The extraction will create a cpca folder

in the selected directory, of the format cpca_{version} {month}{year}, such as
cpca_ 1.1.0.04 _Apr_ 02 _201 3.

U Start MATLAB.

U In the File dropdown menu, select Set Path, then choose the Add with subfolders

option and select the CPCA directory you created.

U Save your new path (it doesnodt

matter

Warning: Do not install CPCA over an existing version. When updating to a newer version of

the software you must first delete (or remove from the MATLAB path) all file folders

containing all older versions.

wh e


http://www.nitrc.org/projects/fmricpca

Step 2: Install the tutorial data set

U Go to the fmri-cpca website:www.nitrc.org/projects/fmricpca

l Download Now
MRI-CPCA Example Data: example_data_Single_Subject.zip (23M) E

Figure 2: CPCA website Download Now box

U Inthe Download Now box selectexample_data_Single_Subject.zip
U Click on Download Now (this is a large dataset, so download may t&ke a few minutes).
U Extract the Zip file to a folder of your choosing. The extraction will create a folder in the

selected directory, such asd:\ cpca_fMRI\example_data_Single Subject.6

Example_data_Single_Subject.zip needs three matrices needed to carry out the most basic
CPCA analysis: a Z matrix, a G matrix and a mask image.

0 Z matrix (file Z.mat): Contains the series of fMRI scans for all subjects, stacked
vertically. For this tutorial , the scans in the Z matrix have undergone typical
preprocessing steps (realignment, spatial normalization, smoothing). It is not directly

given in this dataset so it must be created.

0 Mask (files mask.img, mask.hdr): One mask.img must be prepared that fits all
subjects simultaneously. This requires all subject data to be normalized to a common

template. The brain voxels to be included in the analysis are determined by this mask.

0 G matrix (file G.mat): Contains the model of the BOLD signal changes associated
with the cognitive task timing ove r all scans. For this example, a finite impulse (FIR)

response model was usedThis matrix needs to be created as well.

Example_data_Single_Subject.zip also containsa f i | eShapes.mat eddvhiah is not
needed for this tutorial but which may be req uired at more advanced stages of analysis (i.e.

rotation methods).


http://www.nitrc.org/projects/fmricpca

Step 3: Start CPC A

To start the fMRI-CPCA gr aphi cal us er cgcadt eartf atchee (MGAUTLDAB tpyr
in the command window. The following window should appear :

-
Bl o 1000 e D
— System Information
View Log Options I sl Estimsted Ma-x Parﬁtio-n hdem (i) 500 Create List | CD|
Cache <na= Memory: 399GE  MA& Estimated Time:
UtitiesTonls | Firs || DriveSpace: 2435GE M Unioad | RUN |
— Subjects -
z Selectl Info | LmEsITa:

Subjects: Runs: Total ecans hn: e

| WVerify | Partitions woxels:

Mask Select| RoOI

Create | Verify Dimensions:

— Mocdlel

G SelecthreateI 0 Time Binz: 0 Edit | Scree| Stats

I Marmalize I G I

I Create Z Regress
Regression Covariates Extract |0
Linear GQuadratic

Head Movement
Rotate Seftings | Clr

User Defined Covariates

Figure 3: CPCA GUI initial window

Step 4: Create and select an output directory

You need to select the directory where all output and temporary files will be written. It will
help to organize your work if you create and select anew directory rather than selecting the
default directory.

To create and select an output directory:

1. Click the 6 C vdtton.

System Information -

View Log Options I Al Estimated Mz Partition Mem (ME) 500 Create List | e T I |
p Estimsted Time:
Cache: <na> Memory: 3.89GE M Erctergline
Ltilities/Tools Fix FS I Drive Space: 2488 GE  MNA Unload I RUN I

Figure 4: Location of CD button



Browse For Folder (X ] Browse For Folder (|
B aa s Akl Pick a different drive or directory
> | BADE- - 2 | cPoa -
' EEE'MEI Pea | CPCA Manual
a
. cpea_Apr2010-RC3 .4
- CPCA Manual .
cpea_Apr2010-RC34 - Misc
) Misc )| Qutput]
M ew Folder| s . Tutorial Data Set s
Folder:  MNew Folder Folder: ~ Mew Folder
\Make New Folder | I oK J [ Cancel E OK j Cancel

Figure 5: Default directoryna  me

Clickonthe 6 Ma k e

Figure 6: Renamed Directory

New Hutoh or Ean 6

Rename the created folder/directory with a name of your choice. In Windows this is done

by double clicking on the name or right clicking on the fol der and selectingd Re n a.dne
In this example the directory has been renamed6 Out Put

4. Click6 OB

Step 5: Creating the Z Matrix

The Z matrix contains preprocessed BOLD signal from 214 fMRI scans (1 subject x

1 run x 214 scans per subject) collected dumg a working memory task. The Z matrix must is

typically normalized to ensure that all voxels for all subjects have standardized variance.

In

order to create and normalize a new Z matrix, a File List containing information on the

location of scan data must be created first.

The 6 Subj ect

S ¢ a n dirécts Ithe sapplication ttodthe fMRI scans to be

analyzed. It is created in a structure that allows the scans associated with each group, subject

and run to be differentiated. The following steps are involved in the creation of this scan list

which will later be used to create the Z matrix.

1. Clickthe 6 Cr e at ebutton, Iscatéd on the System Information panel to open the

6Scan Fi

| e

L iwindow.Cr eat i ono



MY cpca 1.1.0{04) [CAUsers\John\Desktop\cpcaManual

System Information

View Log Options I Azl E=timated Mz Partition Merm (Wi =00 D
: Estimated Time: |

Cache: <na= Memory: 399 GE  biA == Vil
UtitiesTools | FixFs || Drive Space: 2866GE  MNiA Unioad [ RUN |

Figure 7 : Create List button

2. Press the directory 6 S e | buttan,6located at the top right of the 6 Scan Fi |l e Li s
Cr e at windovdto navigate to and select the root directory that contains the fMRI

scans:example_data_ Single _Subjec t. ®ress6 OK. 6

3. In the Use File Specification box edit the wildtant. ismgne& so
di spl ayed. I n this example, a common root f or
| C:\CPCAManuallexample_data_Single_Subject ﬂl

Subje

Sample File Specification

Use File Specification

fsnruna_F*.img (214)
fsn*img Verify |
Output File
| Location Select File Location File: Name
C:ACPCAManual\dnalysis files txt
~| Create File List | Cancel |

Figure 8 : Scan File List Creati  on window

4. Cl i ckVetrhidhy®dt on to thEsei Ght e oBp e¢téxielhokéimat i on o
display6 Fi | e Speci f i c.altthesean fikse contdinedsirda directory that
match the File Specification will be displayed. An asterisk (*) beside a file name
indicates a possibleerror.
5. Clickthe 6 Cr eat e Fbuttoa to Isaves thebfile list. Output will be written as
files.txt (this can be edited in the File Name box).
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6. Inthe 6 Subj eanel,xltk 6 S e | and hadigate to the correct directory to select
either your files.txt if creating a new Z or ZInfo.mat to use a previously created Z. For

this example, selectthedé f i | efte. t xt 6

— System Information

Aocail Estimated hize Partition hiem Chib) s00

“iew Log | Options |
EE— Estimated Time:

Cache: = = Memory: 286 GE P,
Fix FS | Crive Space: 2841 GB M

LiilitiesiTools

— Subjects

z Salect 0 Location:
- - Subjects: Run=s: Puittiple H=: nio Total =cans har: [ e
g Partitions Ranges: “oxels:
Mask Select RO

Create | Werify Dimensions:
Figure 9 : Subjects panel, Select button

Step 6: Load the Mask

The mask must be loaded to indicate how the computed voxel information should be written

to a brain image.

0 Cl i ck on SteH eebuibsd®dateddon the Subjects panel.

AL = =

T Orig Loc: CHUCPCAManualiexam
: - Subjects: 1 Funs: 1
Partitions 1: 10914 Wi

Werify

Mask Select RO
W =l

Create | “Verify Dimensions:

Figure 10: Mask Select button location

1 Navigate to the directory containing the tutorial data set.

1 Select andopen the dnask.imgdfile.

Once your mask is selected, theSubjects information panel will update with the location of
the mask image and the image slicedimensions (x, y and z), with the voxel size in brackets.

COCPCAManuabexample_dsta_Single_Subjectmask img

Dimensions: 40 x 45 x 34 (4xd4=4)

Fig ure 11 Mask image information
Step 7: Standardize  the Z Matrix

1. Select theNormalizebbuttonand this will make the buttogreen. The R u apiion
will be available as well.
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2. Ensurethad Cr e a, 6 Regdgbessi on ICiovaad Q@ b d $adetli c 6
selected

Mormalize

| Create Z
V| Regression Covariates
| Linear || Quadratic
Head Mavement
User Defined Covariates

Figure 12: Z normalization options

3. Click the6 R U Nuiton located inthe top, rightand corner of the 068S)
I nf or mat i @rCd® CAa rPenindow silsopen to inform you of the status
of the processind)o not closethe progres window youself. Once progress has gone
to completion, the window will close by itself.

This process will output the following files to your output directory:

T AZzZ@lmat 6 for each subject (n being the sutl
locatedinthen ewl vy cZbe dtod dl ed

1 Ad&nfomat 6 whi ¢ h h o lerdirdormatiore for lallesabjects and the
calculated Total Sum of Squares. If you would like to repeat this analysis at
any ti me, t Hlefo.matu ®p wtatne b eé6 sel ected in pla

@ { n} . maad tie Z processing steps outlined above can be bypassed.

Step 8 : Create the G Matrix

The G matrix contains the predictor model that will be applied to the Z matrix (subject data) .

The G matrix is usedto constrain the variance in Z to that related to stimulus presentation.

1 Clickonthe 6 Cr edhutt@en nextto G on the Model panel.

— hiodel

G Selec |Create o Time Bins: 0 Edit | Scree| Stats

Figure 13: G Select button location

1. To define the conditions that are applied to subject runs, click the 'Runs and
Conditions' button



2.

|BA & Matrix Creat_ (ESREENE >

13

Subjects Runs Conditions
Tiring Yectar Units
Bing O TR |1 @ Scans (| Seconds

Moclel Type
’7@- FIR (") HRF

Clkay Cancel

S Runs and Conditions

=l

Figure 14: Runs and Conditions button

In the box located at the top right add type in the condition names (2 letters, 4 letters,

6letters,8l et t er s)

and

p roéeAsdsaltédeaah entry 0
B corsors i [ i

or cl i

Add| Load

Apply To All Subjects |

Apply To All Runs |

Create Timing Onsets Template|

Subiects Runs Conditions |
s01 B - -
Select All Select All
Okay Cancel

Each Run Encoding At Least 1

Figure 15: Runsand Conditions window

Highlightall 6 Co n d i tby @igkisgdhe 6 S e | e cbuttors lotated at the bottom

of each box.
Click6 Apply to
checked.

Al B n sSwrbd: aetcthes R@ n

Encodi nlipxiat

Click thedCreate Timing Onsetsdbutton. Aneditor will appea disdaying the

timing onsets template ext fil e.

In thedRuns and Conditionsdwindow, click @ K @o return to thedG M atrix

Creationdwindow

In the G Matrix Creation

timing rate TR is 3, the timing units are Scans, and the Model Type

Clickoné |l mpor t

window make sure that the number of Bins is 8, the

is FIR .

Ti mi pngvig@atstieetdiseétory where the text file is

saved (for this example, a previously createddo t i mi n g _ o n Bleeigirgludedkin 6

c k

Leas
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the example data you downloaded), and open the file. An editor will appear showing

the previously created template with the imported data inserted into it

Once the G matrix has been loaded, it will be partitioned into separate G matrix files for each

subject and run and written to the folder named Gsegs in your current output directory.

The Model panel will be updated as follows:

tdacel
ﬂ,

214 x 32 [53.50 Kb 4| 0 | TimeBins: & 0O Edit | Scree| Stats

Figure 16 : G matrix information
If the G matrix is of the proper size to be applied to the data, a small faded check mark will

appearbesi de the ASelectodo butt on .bedisplayedsin thiscase f
214 X 32

Step 9 : Run the analytic processing

Now that the G matrix has been loaded you are ready to set the parameters for your analysis.

The processing panelwill now look as follows:

Marmalize J
Create Z
Regression Covariates Extract | 2
Linear Quadratic

Head Movement

User Defined Covariates TLLE =Etings

Figure 17 : fMRI -CPCA Processing panel

The 6 Goautton will be green indicating all necessary data has been loaded in order to regress
G onto Z.

Under the 6 Gbaitton ensure that the box labeled6 R e g r is checked.
1 Youwillapply 6 E x t raheclated stage

1 6 Rot drdtatidn) is more advanced and is discussed in the comprehensive manual.

You are now ready to run your first fMRI -CPCA analysis.

t

he
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U Pressthe'RUN' button located in the upper right hand corner of the GUI.
U0 AC® CA Pr ovbndavavill appear indicating the status of the analytic

processs When the application has compl eted
Processing Completedo wildl appear on the
= SYSTEM INTOFMaTon
“iew Log Options| Al Estimatet Ma.x Part'rtio-n it @l 500 Create List | CD |
Cache <nas Memory: 3899GE  7.29Mb Estimated Time:
UtiiesTools | 7« 7= || DriveSpace: 2437GB  03GB 00 Minute 46 Seconds Unioad [ RUN ||
Figure 18 : RUN button location
»> Ccpca
Subjects: 1 [ 214 = 29151 ] Funs: 1
Estimated Completion Time: 00 Minute 48 Seconds
- Subidject 201 1 of 1 Pun: 1 [=s============] [00:13]
Process Start end Duratcion
MNormalization 14:10:38 14:10:52 0 Minute 14 Seconds
Elapsed 14:10:38 14:10:52 0 Minute 14 Seconds
Subfe=cts 1 I 214 = 29151 ] Buns: 1
G: [ 214 x 32 ] C:\.cpca'Output’ Gheader.mat
GZ [ 2 x 29151 ]
-Subqect: 1 PBun: 1
- Creating C
— Creating C*C
Apply & 14:42:15 14:42:18 0 Minute Z Seconds
Process start end Duration
Apply & 14:42:15 14:42:18 0 Minute 2 Seconds
Elapsed 14:42:15 14:42:18 0 Minute 3 Seconds
E
Figure 19: MATLAB Window Showing CPCA Processing

Step 10 : Determine the  number of components to
extract

***  For this tutorial, you will only be extracting two components, in order to keep the

analysis succinct. However, the method used to determine the number of components to

ts
MA

nADp|
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extract will be introduced and briefly explored. For further explanation, please refer to

the comprehensive user manual.

fdacle!

’7(; Clear | Select | Create 214 x 32 [53.50 Kh] 4 0 | TimeBins: & 0 Edit' | Scree | tats ‘ ‘

Figure 20 : &cree 6button

U Pressthed S c r baitodlocated on the Model Panel (see Rg. 21above). You will
see agraph similar to Fig. 22 below.

18[][] T T T T T T

1600 Component 1

1400

1200

Component 2

1000

800

Component 3 ]

600

400} .

200

| | | | -?-e-\{:'
0 5 10 15 20 25 30 35

Figure 21 : Scree Plot

Each point on the scree plot represents a component that @n be extracted. The

higher the value on the y-axis, the more variance it accounts for. When points

correspond to a low y-value, they should not be included as they could represent

noise etc., and potentially compromise the data. To interpret a scree plot, work

your way from right (error) to left (increasingly strong signal), and when a
subjectively i mpor t aayctonsitig¢rkeeping thabcoroponers , vy ou
and all components larger than it. In the scree plot shown above, a four

component solution appears most appropriate, due to the subjectively importan t

jump from the 5" to the 49 component. Following this, significance testing is
necessary, but this wildl be covered in the
Interpretation of scree plots is more an art form than a science, but has a long

history in the area of component analysis (starting with Cattell, 1966).
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U Return to the Processing panel.

U Pressthed Golitton in the Processing panel.

U Check the box labelled6 E x t raadcentér 6 2ndthe box to the right of it. This is
the number of components that will be extracted in this tutorial .

o In a full analysis, you would determine the number of components to enter
based on your decisionafter viewing the scree plot. For a full analysis, you
wouldenter@6i n t he box t oExthredaxtiyaulalsohavé t he O
the option of extracting a multiple number of components in a single run
by entering all the numbers you wish to extract in the box to the right of
the d&xtrac t Box, for example you could enter6 3 4As &f@rementioned,
for simplicity reasons, we will on ly extract two components in the tutorial.

Please refer to the comprehensive user manual for further explanation.

R

Rearess -ompleted
J|iExtract <

Rotate  Settings | CiIr |

Fig ure 22: Extract 2 components

U Again, Press the'RUN' button located in the upper right hand corner of the GUI.
A CBCA P r o cwindosv@vill appear indicating the status of the analytic
processs When the application has completed its

Processing Completedo will appear on the MA

Step 11: Plot the estimated HDRs

Predictor weights are computed and saved for each component extracted. For each
component, these mean predictor weights can be plotted to reveal the estimated deconvolved
HDR for each condition over time. These values can be plotted using anyprogram such as

Exce or SPSS, or via the fMRFCPCA GUI interface.

U P r e s sStats bbettordthat will have appeared in the Model panel upon completion
of the analysis. Thiswillopenthe Mu |l t i var i at ewilBlowat i st i cs o
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’7(; Clear | Select | Create 214 x 32 [53.50 Kh]

U Toview

t he

down menu.

1 ki - coporeco =i

4 0 | TimeBins: &

button

0 | Edit |Scree| Stats |

Figure 23: Location of the Stats

statistics for

(2) unratated

16 hienfihsetcocmompoarent s e

. : Thrhildl 0.47 Average Image
QL - 5% - Processed. 23-May-2013 : L
. ‘ Version: cpoa 1.1.0004) Ahove 1438 EE pacings= 58
| General Statistics + Yo 0 0.00 000 i] 0.00
- W 1458 010 054 1458 -0.72
Total Sum of Sguares E238314.00 o
i Thiz Component May Meed To Be Flipped
S5 explained by 151643270
2% of total 55 24 3 WArance Predictakle Total
. 1664 EE 2349 % 271 %
S5 explained by components 589851 .41
% of Explained by G 33490 ool i H H i i H |
% of total S5 9.46 ' , ' ' : : :
% of wariance in original BOLD signal regrezsed out 0.1 : : : : :
Totsl 76.09%  Linear 36.41% Guadratic: 4 53% ol ; ; ; ; ;
Head: 0.00% User: 0.00% ; h, E :
-0.1 : : :
Clusters Scree mae: 40 -0.2 . : :
03 5 27 5
— Correlation Coefficients ' '
-0.4 E ! 2 Letters 71
1.00000 -0.00000 05 ; ; 5 4 Letters i
i H i 5 Letters
-0.00000 1.00000 05} ' ! ! ! 8 Letters T
H H H H T N
o 3 ] 9 12 15 18 21
Legend /] Grid  Condition | Al v | Average
Alternate PR [ ] By Subject
Predictor Weights || Loadings Zoom Pos | Zoom Meg |
| Beta Check | Flip ' Plot ! Plot Options |
| Cloze |
T

Figure 24 : Component 1 Statistics

In this example, component 1 needs to be flipped See the fIMRIFCPCA Manual for

instructions on how to determine if a co mponent needs to be flipped prior to plotting .
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U To create and view a plot of the estimated HDR for the two extracted components:

U To flip component 1:

i

i

Ensure 6 Is&elected in the component selection pull down menu.

Pressthe6 Fl i p Compoénéut ¢ &ip 25abowed. The dlipping

data éwindow will appear throughout the process.

Note: On some pl atfor mlip,d oluitdloinngvit he c
crash. To flip data in this case, open up Matlab command window and type in
edit MvsfMRI.m. Run tFllp dusidg debug mode by searching for the
word 6 f | a@ng dicking on these comresponding lines: 1658, 1667, 1673, and
1676.

On some platforms, the graph may not update properly; so to refresh the flipped

predictor weights, select the 6 Iadgain.

i

a
a
a
a

Select 6 InGhe component selection pull down menu.

Pressthe6 Pl ot Co mp obatem asshowndn Figure 25.

The plot image will appear in a new window, as shown below.

To save an image of your plot,In the File dropdown menu, select Save As...
Closethe plot window when finished.

"B Estimated HOR UNROTATED Component 1 S —— (s o S

File Edit View Insert Tools Desktop Window Help k]
NEde |k |RAUDEL- 2 1B =0

Estimated HDR UNROTATED Component 1

0.6r : ——— 2 Letters | |
: : : — 4 Letters
051 — 6 Letters | |

04l .— g Il_etters

0.3F

02

01F

0F

01F

02} E : E : E : .

0 3 6 9 12 15 18 21

_Fig_ur_e 25: Eomponent 1 HDR plot window
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U Similar to the procedure outlined above, return to the dJultivariate  Statistics 0
window, and selecté 2inthe component selection pull down menu.
0 Press Flip and Plot Component(s) 6 buttons and save the resulting plot for

component 2 if desired.

Step 12: View the neural networks

The neural networks are whole brain images representing systems of functionally
interconnected brain voxels. To view a neural network the loadings contained in the image
file are overlaid onto a brain image template. A given neural network may contain only
positive loadings (activations), only negative loadings (deactivations), or both positive and
negative loadings.

The neural network images will have been written to a folder in your output directory located
in @utput \G\2_components \unrotated . Each network image is composed of an .img
and an .hdr file. In this example only the unrotated solution was extracted, but it is possible
to extract multiple r otations in one analysis (see the comprehensive manual). For each
rotated solution, a separate neural network is created for each component. In this unrotated

solution example, one neural network was created for each of the two components extracted:

unrotated_Component_1.img/.hdr

unrotated_Component_2 .img/.hdr

Include in library = Share with + Burnf MName MName
Mame D =Tty ! image-loadings_G_unrotated
- | Betas 14 J Fld |44 unrotated_Component_1
ke ol = G_HRF_unrotated_Cemponent_1 | unrotated_Component_2.hdr
log 1 | G_HRF_unrotated Component_2 |44 unrotated_Component_2
7 | G_MNL_unrotated || unrotated_Component_2copy.hdr
files ol ] G_unrotated || unrotated_Component_2copy
1 Gheader T = output_G_unrotated o
R of U unrotated_Component_2copy.hdr 1KE
[6] mask_used 0 &4 unrotated_Component_2copy 128 KB

Figure 26 : CPCA output folders

View the neural network for component 1

Step 12 A: Determine the display values
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In the Statistics window:
U Ensure that ¢2) unrotated 6is selected in the top left hand corner.
U Selecté linbthe component selection pull down menu. The statistics for the selected

component will be displayed in the upper right hand section of the statistics window.

From the statistics displayed for component 1, it is evident only positive loadings passed the
display threshold (positive loadings as listed in the +Vox row) and the display threshold
values (threshold and maximum) can be determined.

Display threshold values for
both positive and negative

— | loadings:
Top 5% = +/- 0.47

Only positive Thrhid Hee } e —
loadings passed Ahove 1455 Eetas Lnadinﬁ Loadings fla
the display + o 1458 0.00 0.54 1458| 072 Mao disol e {
threshold (as 1 aximum aisplay value tor
listed in the o 0 010 0.00 0§ | o000 positive loading: 0.72
+Vox row). All
the 1 Vox values ariance Predictable Total
are zero except 1EE4 B 2340 9% 571 %
for the Betas.

Figure 27: Display values for component 1

Note that the threshold values are the same for both the positive and negative voxels, but the
maximum (most extreme positive and negative) values differ. When viewing/processing
images in MRIcroN, the thresholds for display must be the same for both the positive and
negative loading voxels (changing the threshold value will result in different neural networks
being seen) However, the maximum values can optionally be adjusted to control activation

brightness.

Step 12B: Start MRIcroN

U Start the application MRIcroN.exe
U The Statistics window and the MRIcroN window can be ‘j MRIcroM.exe

viewed side by side to facilitate viewing of the network.
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File Edit Overlay Draw View Window Help

4G

Background ‘9‘ 300000 4] 1200000 4 Grayscale v‘

X 94 SY105 £z273 2 toft

Multivariate Statistics - components of G = = { ¥ mricron.exe - C:\Users\John\Dox PC e(C=Ta
(2) unrotated -
1 5% Processed: 23-May-2013 T o Sretage e
v v i 23-May- . 7
Version: cpca1.1.0(04) Above 1458 Betas Loading Loadings Max
General Statistics +Vox 1458 0.00 054 1458 072
Totel Sum of Squares £238314.00 e ¢ SR OF A0
SS explained by G 151643270
9% of total S5 2431 Variance Predictable Total
1664.66 2349 % 571 %
SS explained by components 589851 .41
% of Explained by G 33.90 06 2 Letters 4
% of total SS 948 oe : . R A letiors
% of variance in original BOLD signal regressed out : d : : 6 Letters
Total: 78.09% Linear: 36.41% Quadratic: 41.69% 04 8 Letters 4
Head: 0.00% User: 0.00% - : :
Clusters Scree max: 40 02
| 0.1
|| Correlation Ci
0
1.00000 -0.00000 0.1
000000 1.00000 202 d ] : ! i : -
0 3 6 9 12 15 18 21
V| Legend V| Grid Condition  All v Average v
Alternate PR By Subject
V| Predictor Weights Loadings P Z leg

Beta Check | fio | Pt | Plot Options |

Close

3x-21x1=78.00000

Figure 28: Statistics window viewed next to MRIcroN

b’ mricron.exe - Li\Users\JJohn\bocuments\LPLAManual\,.. [Zrim=—"" | e
s A .

File | Edit Overlay Draw View Window Help

Open Ctrl+0 Lv @

Open recent i
2 L 1L

Open templates 4 aal.nii.gz

Close images brodmann.nii.gz
Save as NIfTL.. ch2.nii.gz

Save as bitmap Ctrl+S ch2bet.nii.gz

ch2better.nii.gz

csfnotair.voi
JHU-WhiteMatter-labels-1mm.nii.gz
JHU-WhiteMatter-labels-2mm.nii.gz

Figure 29 : Opening Templates in MRIcroN

Step 12 C: Load the neural network images

U Inthe MRIcroN drile 6
dropdown menu, select
®pen Templates . 6

U Select the template named:
@h2.nii.gz . 6
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| Z® mricron.exe - Ch\Users\Johm\Documents\CPCAmanuall,... l. = &J |
File Edit | Overlay | Draw View Window Help
94 =Y Add Chrl+ 4

Close overlays
B ackgroun

Transparency on background 4

Transparency on cther overlays

v P 1 ak - ]
Figure 30 : Add an overlay in MRICroN U Inthe ®verlay 6dropdown
menu, select@dd &

i3 set o, T T ==
 —

Look in: | Images - @ & o E~
! Narme 2 P ———— U Select the .hdr of the image
"iy | unrotated_Component_1.hdr 14/05/201312:41 ...  HDR File .
Recent Places [ ivmwseniniasspememse 14/05/20131241 .. HDRFile for component 1:
! | unrotated_Component_2copy.hdr 01/05/2013 3:16 PM  HDR File G_Component_l _Un r otate
Desktop d hdr

Figure 31 : Select positive loadings o verlay

The loadings will appear as a red
coloured activation map. (Red is the
default colour for the first ov erlay added
and blue is the default for the second.)

F|gure 32 : Unthresholded posmve Ioadlngs

Step 12 D: Set the display values

The MRIcroN menu contains two boxes where the threshold and maximum display values
must be entered. The relation between the first number (left -side box) and the second
number (right -side box) is always from the lowest to the highest value. Mostly, to display
activations or deactivations, the threshold value is entered into the left-side box and the
maximum value into the right -side box. When displaying negative deactivations both the
thresholds and maximum values should include a minus sign . This may cause their values
(and therefore the relation between the numbers) to change. You will need to adjust what you
enter into the boxes accordingly with the lower value entered in the left-side box and the

higher value entered in the right -side box.



Left-side box: Threshold

Right-side box: Maximum

File
]

Edit Owerlay Draw Vi

w126 &7 72 b fit

-

-

unrotated_Cor - (9 noozz =
Figure 33 : MRIcroN

Windof

v Help

=

display value boxes

Match the threshold and the maximum values to those in the statistics window:

Set the display values for the positive badings:

0 Enter 0.47 in the threshold / left -side box (top 5% of loadings in this case).

(0]

Thrhid 047 Average
Ahove 1455 Eetaz Loading
+%ox 1458 000 054
- Yoy 0 010 0.00
‘ariance Predictakle
1BE4 EE 2349 %

Enter 0.72 in the maximum / right -side box
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at V(i

| File Edit Owerlay Draw View Window Help
mage
Loadings RS w93 2y 126 =291 2 tofit
3
a 0.00 unratated_Cor - (a 0.47 =
Total
571 %

Step 12 E: Set the viewing options

Figure 34 : Setting component 1 positive loadings

-~

The neural networks loaded in MRIcroN can be viewed in several different orientations and

/3

slice levels. Any of the selected views can be saved as bitmap images. One viewing option is

the multislice option.

Draw View [ Window | Help . U Inthe &Vindow 6
72 =t fit§ Render Ctrl+R dropdown menu, select
5 G, Muitislice Cul:M Multislice  § which will
ﬂ 0.3 < 4D Traces Ctrl+D -
open the MultiSlice
Histogram Ctrl+H .
) window.
Information Ctrl+I
h Ak U Inthe MultiSlice View
Figure 35 : Open Multislice view
dropdown menu:
= waisice NI 0 Check the@rtnogonal
File Edit [View | | View 6and the &how
Srient : Jagital Slice Label doptions.
Overclice » & Coronal B . .
Gehagoniliiew U Select®rient g and
Shove shice label | choosedoronal .6
Slices... ’ U Select®verslice § and
] f L. s i select®%. &
Figure 36 : Set Multislice view to coronal
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| File Edit (View] dropdown menu:

Orient g U Select&lices @ | and

Overslice b -50%

v Orthogonal view -35%

enter Slice Numbers
#®8,87,123,136,16d

|V Show slice label -20%
Slices of 0% (y-coordinate values)
20% into the &elect
35% multislices 6éwindow.

Figure '37: Select Overslice

U Pre®Gkd 6 o sece

[

Select multislices

Slice numbers [e.g. 10,16,24]
68,87, 123,136,164

Flgure 39: Neural networkfor componentl

Step 12 F: Save an image of the neural network

U Inthe MultiSlice d-ile 6dropdown menu, select
Gave as bt mapé

Figure 4 0: Save image as bitmap
View the neural network for component 2

Now you are ready to view the neural network for component 2, using the same steps used to
view the neural network for component 1.


















