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Preface

Welcome to the BrainVoyager Getting Started Guide! This guide is used as the basis for BrainVoyager
Training Courses, and offers an overview of the essential basic features of the software. This guide can
also be used as a self-study tutorial. Note that you do not have to proceed sequentially through the steps
of the Getting Started Guide, but that files saved at an earlier step are needed at later stages of data
analysis. BrainVoyager is available for several computer platforms currently supporting Windows
XP/Vista/7/8/10 for both 32-bit and 64-bit versions, Mac OS X 10.6/10.7/10.8, and most 32-bit and 64-
bit Linux distributions using a 2.6 /3.0 kernel. This guide has been prepared with the Windows version but
it can also be used for learning the program on any of the other supported platforms. Take your time going
through the steps. If the steps you are performing are not making sense to you, consider repeating some
previous steps. In the beginning all actions will be explicitly written out, in later steps, acquired knowledge
is needed to complete the steps.

Data

You can find the raw data for the AObjectsod example on
http://www.brainvoyager.com/bvgx/samples/

Please download i Ob j ect s Di c ancth &8a6t.altfilep in the following folder (replace <USER> with
your login name):

Windows: fi GUsers\<USER>\Documents\BrainVoyagerData\Obj ect s Di c o mGSGo
Mac OS X: i/ User s/ <USER Braib/oyagenDatal tOb/j ect sDi comGSGoO
Linux: i/ home/ <USER>Brainvoyager®atal ©bj ect sDi comGSGo

Icons
The following icons highlight certain aspects of using BrainVoyager throughout this Getting Started
Guide:

7 Type

This icon indicates that you should enter some information (e.g. a file name or a number).

8 Click

This icon indicates that you should use the mouse to perform an action (e.g. click a button).

< Load/ Save
This icon indicates that you should load or save a file.

F Attention!
This icon indicates an important step.

| ExtraInformation
This icon indicates the following information is optional and only included to provide some background
knowledge. No actions have to be performed.

Bold
Bold body text indicates that you should perform an action.
AFil e®» A Ne Documento

This style indicates that you should use the respective menu entries (here File and New Document).

<«—— Ablack arrow indicates you should enter some information

<«—— Agreen arrow indicates you should check some information, no further action is required.

We hope you will enjoy working with BrainVoyager as much as we do. We want to thank Armin Hei-
necke for his valuable advice on the manuscript and we are grateful to many BV users for helping us
improving this guide.

If you have any questions, d o nhésttate to contact us at: support@BrainVoyager.com.

Sincerely yours,
Rainer Goebel, Henk Jansma, Caroline Benjamins & Judith Eck
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This tutorial gives an introduction into essential data processing steps with BrainVoyager. The focus is on
getting you started in using the program quickly and easily. An introduction into the program with a focus on
background information is provided in separate PowerPoint Presentations. The tutorial uses raw data from a
simple block experiment which is described next.

The Objects experiment

Coloured images of natural objects (fruits and vegetables) subtending
5.2° by 5.2° were presented alternately to the left, right and on both
sides of a fixation spot (see figure). Each stimulation block lasted for
30 seconds and was repeated three times within a run. Stimulation
blocks were separated by i f i xlalt & cokequal length. In a fixation
block, only a cross was shown, which the subject should fixate.

Scanning session information

Experiment: Objects Stimulation protocol
Subject: CG :
Conditions: Fixation (blocked design, 1 run_) .
images in LVF (Left Visual Field) Volume nr C_ond_ltlon name
. . . . - 1- 7 Fixation
images in RVF (Right Visual Field) . .
. . i . 8- 25 Objects_in_RVF
images in BVF (Both Visual Fields) L
. . 26 - 34 Fixation
NrOfSlices: 25 . .
. . ) 35- 52 Objects_in_LVF
SliceThickness: 3 mm L
SliceGap: 3.99 mm 53- 61 Fixation
~>ap: ; 62- 79 Objects_in_BVF
FoV: 224 mm x 224 mm L
Matrix: 64 x 64 80 - 88 Fixation
) . 89 - 106 Objects_in_RVF
NrOfVolumes: 252 L
R 2000 ms 107 - 115 Fixation
e 116 - 133 Objects_in_LVF
InterSliceTime: 80 ms L
. ) S 134 - 142 Fixation
SliceOrder: Ascending, interleaved 143 - 160 Obiects in BVF
First images: BetSog_20040312_Goebel_C2 - 0JECTS_IN_
0003-0001-0001.dcm 161-169  Fixation
' 170 - 187 Objects_in_RVF
188 - 196 Fixation
197 - 214 Objects_in_LVF
215 - 223 Fixation
224 - 241 Objects_in_BVF
Intra-session anatomical 3D scan (T1, MPR) 242 - 250 Fixation

NrOfSlices: 192

Firstimage: BetSog_20040312_Goebel_C2 -0002-0001-0001.dcm

Extra-session high-quality anatomical 3D scan (T1, FLASH)
NrOfSlices: 180
Images: CG2_3DT1FL_CLEAN.vmr (no raw data, document has been created already)



Step 1: Creation of a functional document

Step 1: Creation of a functional document

In the first step, we learn how to create BrainVoyager documents from raw data. Documents can be created
by using the fCreate Document Wizardodialog in the i F i-3 New Doc Wizardd menu. Alternatively, you can
use fi F i-3 Mew Documentq which opens the fi Cr e Rotuenentii dialog with more advanced options for
document creation. Because BrainVoyager supports the native file format of many scanner types, the data has
to be converted to BrainVoyager® own file formats, so that all subsequent steps can be performed in the same
way with all data. For the sample data, original DICOM images are used coming from a 3 Tesla Siemens Trio
scanner (Numaris 4.x software).

8 1. Launch BrainVoyager by clicking the fBrainVoyageroicon. i&
BréinVoyager

8 2. After opening BrainVoyager, you will see a AVe | ¢ o wirdow giving you the opportunity to reload all files
used in the previous session by checkingthe i R e | doeuchents of previouss e s s optiom &nd providing

I you with additional information viathe i Ge t §1 & iglinle After clickingthe i A c ¢ buptdndhe iIVe | ¢ o me 0
window is closed and you see the main window with a menu bar, one horizontal and two vertical icon toolbars.
The usage of the icons in the toolbars will be described in later steps. You will also see a couple of icons in the
toolbar that are explained below.

) w &+ v
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11 Gettnrg Tlarted
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These panes provide you with the following information:

a) the Files Pane allows quick access to recently opened files,

b) the Info and Log Pane provide information about the details of various analysis steps (i.e. document
creation, coregistration)

c) Open Docs

d) Zoom view



Step 1: Creation of a functional document

Some global preferences, e.g. the graphical user interface or the layout, can be set in the Preferences
menu. This menu can be found by clicking the Preferences icon in the toolbar.

Layout | GUIL | Speed | Data | Scripts | surface Module | Intensities Bitmaps

Default sidebar panes Waorkspace

Workspace Zoom View IUse tabbed document mode as default
Recent Files Info

Log (®) Background image

Show same panes as in previous session () Background color

"Recent Files™ pane Main toolbar

Show icons with text
[] remove non-existing files when launching

[ ] use small icon size

F 3. We will now begin importing the data into BrainVoyager by creating a document. Selectii Fi -k e 0
i New
8 Doc Wi z a rodclick thé®fi Ne w Wioz aicod ia the toolbar

File | Analysis  Options  Volumes Meshes  Scene [

o
if  Data Analysis Manager Ctrl+D \ (=}
New Doc Wizard | New Document

‘% New Doc Wizard...

| New Document... Ctrl+M

-

¥ Dpen.. Ctrl+Q




8 4. The Document Creation Wizard will

guide you step by step through the
creation process.

Welcome to the Create Document Wizard!

H This wizard helps you creating a new BrainVoyager document from your original MRI data files.
TO Stal’t, CIICk the NeXt bUtton' ‘fou may create one of four basic document types: FMR, AMR, VMR and DMR.

8 5. Firstyou have to choose the type of

document you want to create. Toggle
through all four possible selections, FMR,

AMR, VMR and DMR and read their Document Type
descriptions. For a functional document S R o G b
we thus have to choose an FMR Decmert bips

document. It will contain the repeated @ P docunent
measurements of the brain as it is scanned () 2R document

volume by volume during the execution of the | MR cocument

i Ob | experiment. DR docrment

Descrpbion

A FMR document FVR « Functional Magretic 7 esonance) stores the data belongng oo
one run in $he scanne, In a Suncaonal (E7T) recording, the brain s scanned repeatedly over
ome.

Click i N e to tomtinue.

8 6.Choose the type of raw data format as
iDlI COMO .

Raw Data Format
¥ihat 15 the format of your data?

Descipton

DICOM &8 & standard data format supoorted by mest

MRI marufactirens. If posaitie, you should uee this

format for e creation of new BranVoyager
PHIL®PS_REC documents.

IF the above kst does not contan the format of your data, you may ¥y oeating your doucment
wming the “Creste New Document” dalog after quitting ths wizard. Por Surther assstance,
contact “supoort@branvoyager.com”
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7. Enter the name of the document
i CG_ OB J E ToTcBoose the source di-

rectory click on fi Br o wisnawgate to the
AObj ect sDd c doldgd S Gn  the
fBrainVoyagerDatao directory

(e.g. C:\Users\<USER>\Documents\
BrainVoyagerData\ObjectsDicomGSG),
select any file within the directory and click
AChoosef.

8. The wizard will detect if the names of your

raw files have to be renamed into a more
readable format. This is not necessary for our
sample dataset. For more details about
renaming Dicom files, please see Appendix
A

Select Data Location

Use the "Browse” button to navigate to the dats
Docurent name: |CG_OBECTS

Dota locaton:




Step 1: Creation of a functional document

8 9. The Document Creation Wizard now automai- |

cally detects the different sets of DICOM files Orvctery Frapectee for GO0 deln

in this directory and determines from their e e

header, what type they are and how many files Selack esiry for doament Oewin

they contain. Syt Pimibor o flus :Dérimant wpe
Choose fBetSog_20040312_Goebel_C2 e R St ik i e
-0003-0001-00001.dcm (the only fmr-file fatSeq AO4EIL Goetsel_C2 001070071 et 22 P N

present) and click i OK o .
Note that 252 files (= volumes) have been
detected.

g8 10. The first source file is transfered to the
appropriate line. BrainVoyager automatically
detects the mosaic image resolution (320x320)
containing the 5x5 individual slices (64x64
each) making up one complete volume of the

brain measured at one tlmepOInt Use the "Browse” button to navigate to the data
Document name: |CG_OBJECT‘S | fmr

Select Data Location

Click i N e 1o tomtinue. Data location:  JmGSG/BetSog_20040312_Goebel_C2 -0003-0001-0001.dem | | Browse...

Detected image resolution
MNumber of columns: | 320

Number of rows: 320

SIEMENS mosaic file format

Slice resolution X: 64 Mosaic matrix: EI
Slice resolution ¥: 64 Volumes in file:

Mext | | Cancel |

11. In the next menu you could change the
number of slices in case they were not recog-
nized correctly. Check if 25 slices is entered.

Number of Slices

How many different slices per volume have been scanned?
For all MRI documents, the number of different slices comprising a volume has to be provided.

The number of slices has been estimated from the selected source data. Change the number of
slices only if you are sure that the value below is incorrect.

_> Number of slices:

10
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Step 1: Creation of a functional document

12. In the last menu you can check the number

of brain volumes detected (252).

Since the first volume scans in a functional run
contain data with very high intensity values (due
to T1 saturation), it is recommended to skip a
few volumes (e.g. 2-4). Despite skipping vol-
umes for analysis, BrainVoyager will use the first
volume for display since it contains more
anatomical information than later volume scans.
We skip 2 volumes in our example.

13. The Create Document Wizard ends with
an overview containing the most important
settings.

Click A F i nto suild &he document.

10

Number of Volumes

How many volumes have been scanned?

For functonal documenas, the number of recorded bran volumes (ime poeits) has %o be
provaded, The number of volumes has been estmated from $e selected cource fle. Change the
e of vokavws ooly I you e sure Bl he vk befow 8 nosrect

_> Nurber of voluwes: (252 S

The*uanammmuuwwr'@mwvmlubﬂ
saturaton). In case that the scanner does not use “reperatory soars” removing Sese T1
satrated frat volieves, & is recommerded 10 D & few volure (0.9, 7 - 4), Dexgile dhipgary
volumes for analyses, Eranvoyager wil use the frst volume for deplay.

—— P b cfrhme i (2 8

Summary

You have successfully speafed ol requved nformaton. If you would lee o place created
docursent fles at ancther cation than e orpned dats, select 8 “Tarpet fulder* below, Afser
dckng Finsh”, Branioysger sl aeate the folowing rew dooument:

Docureed tpw: FHR

Docurment ramet  €G_OBCTS. fmer
Data format:  DICOM

Nurber of chcmsi 25

tumber of volumes: 250 {252-2)

Target folder:  Dr ANGX/Somple data/1_ObjectsDoomGSGOtpectsDoonGsG

?

#» (Creating FMR Pro...




Step 1: Creation of a functional document

14. If you see now a screen similar to the one below, you have successfully built the FMR document!
The data of the repeated measurements are now stored on disc in a single STC (slice time course) file.

- Pevirres o
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Barog, 2PH0TL tiseke LX
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15. The FMR document file is a simple text file, which contains a link to the STC-file and other useful

information.

After the creation of the FMR document, the i F MRRr o p e dialdgeslsowwn above, is opened automatically.
This dialog allows you to inspect and modify the relevant information of the FMR document. You can call this
dialogatany ti me via t he nfiefnMIR iPtreonp:erfiFielse o . 0.

You might have noticed, that the Info Pane has opened automatically relevant information from the header of
the selected file.

In this case, BrainVoyager displays the image resolution, pixel size, slice thickness, gap thickness and other
information. Use this information to check the entries made in the FMR Properties.

R
& MR Properties

Genecal information
NrOfShices: 25 NrofVolumes: 250

Data type:  Flost (4 bytes) NrOfSkippedvols: 2

Voxel resoluton definton

Inpinne X: 3.5 mm Shee thick: 3 mm v | Verified
PixelSpacing 3.50000003.500000

¥plane ¥t 3.5 mm Gap thick.: 0,99 mem Opbons..,
SliceThickness 3.000 Temporai resoluton and Sice timing definftion

TR: 2000 ms Inter shos time: 80 ms Verfed

SpacingBetween Slices 3.990
Referenced inplone {coplanar) AMR file

BitsAll ted 16 Fde: CG_OBIECTS_festvol_as_anotany Browse,, Detach
RepetitionTime 2000 Referanced protocol (PRT) file
Fikgs owse.,,
POS mfo... Layout.., Options..., Close

L

16. For statistical analysis of the data, we will use a model of the hemodynamic response function (HRF) in a
later step. To correctly apply the HRF model as well as for temporal preprocessing, correct timing information
(TR, inter slice time) of the functional recording has to be supplied.

11



Step 1: Creation of a functional document

BrainVoyager is able to take these values from the header, if available. In our data, the i T Ralue is found in
the header but not the inter slice time. In most cases, the inter slice time can be calculated simply as TR/
NrOfSlices and this is what BrainVoyager is doing as default if the inter slice time is not available from the
header. If the Ve r i foptiendstnot checked, it is important to check the i T Rudd fi | nslice t i nveludes. In
our example, you can findtheminthed S ¢ a nsessiong n f o r npage at theb&ginning of this guide. When
the values in these fields are correct, click the Ve r i fcheekdog to tell the program to use these values. This
will automatically save the FMR document to disk with the updated values.

Yoxel resolution definition

Inplane #: |3.5 mm Slice thick.: |3 i [#] verified

Inplane ¥: 3.5 i Gap thick.: 0,99 i

Temparal resolution and slice timing definition

TR: | 2000 ms Inter slice time: | &0 ms —> Yerified

Referenced inplane {coplanar) AMR. file

File: | Ca_Ohjecks_firstvol_as_anat,amr [ Browse. .. H Dietach l

Info: When you click on the i Op t ibattorsidthe AVoxel resolution d e f i nfield, ithe 1 G 0 m p loplaee

Resolution from F O Vdialog appears. You can use this dialog to calculate the pixel resolution from the field-
of-view (FOV) value(s), which are typically presented at the scanner console when specifying the position and
size of the slices. If the program finds the information in the header, the Averif i eption in the fivoxel resolu-
tondef initionodo field i srenpehessarik Hchanges are necessaryhemterghe salues for
the firield Of Vi e aral press the i O Koatton. The computed pixel resolution values are updated also in the
fi MR Document Pr o p e rialageTs téll the program that you are sure that these values are correct, check
thefver i fi eddo option.

Zp

i

am

Inplane resolution

FOW  Matrix size  Pixel size
—P w224 3] 4 3.5
— V2245 e 3.5

’ Cancel H oK

You can now move on to Step 2.
12



Step 2: Layout and zooming

In this step, we will learn how to change the layout
document.

1. If you have closed BrainVoyager, start the

< program now and open the document
fCG_OBJECT SIf fyomrjust. performed the
previous step, you should be able to access the
document by clicking its name inthe A Recent
opened FMR®& 0 section in the Files Pane.
Alternatively, all documents used in the previous
session will be opened automatically, if you check

the i R e | doeuthents of previouss e ssi ono
inthe iAWe | ¢ o wirddw.

2. You see in this example a 5 x 5 layout of the 25

slices, since BrainVoyager automatically
attempts to arrange the slices in an optimal way. If
you would like to change the way BrainVVoyager has
arranged the images, you can use the i Dceease
Co | unmamaidl n ¢ rCeoal sueneossdo change
the layout. BrainVoyager will show the documents
initially in a maximized state.

Note: You may also display document windows in
a smaller size than the workspace window by
using i Wi mwd> Sub-Window View Mo d eYou
may then adjust the display size of the window by
moving the mouse to the right lower corner of the
window until the cursor changes to a resize
shape. Then click+drag the window to the size you
desire. You may notice that the program keeps the
aspect ratio of the window constant. This ensures
that pixels are always displayed as squares. To go
back to the maximized document mode, click the
sub window& f Ma x ican.i z e 0

3. Click the fi |

of slices. Since the layout is also saved in the FMR
file, you can permanently keep desired layout settings
by saving the file, either by clicking the i S a \ceno

n ¢ rReoawsgEmNn to see more rows

q

Step 2: Layout and Zooming

of an FMR
Recent Fles
4| Recently opened FMRs
(G _OBJECTSAmr .

Recently opsned DMR's
Recently opened YMR's
Recently opened VICs
Recenily opened SRF's

8 X

Welcome

navscited MR vetl w5 £
i Getting Started Lo wam ana

¥ Datsc socuerts of rewra mssen

A

Window | Help

Tabbed View Mode

_ﬁub-Window‘u"iew Mode

Tile

CG_OBJECTS fmr

Show / Hide 3D Volume Tools dialog

Show / Hide Border

Decrease Columns

Increase Columns

orby using->tisavebi Imnu item.
Decrease Rows
4. Click the i | maBgoer dteggl®to enable or dis- Increase Rows
able drawing of separating lines between slices. %
Decrease Threshold
5.Clickand hol tbzdominona part of one m
of your slices. Make sure the fZoom V| BCcigase Thiesgold )
opened.
Adjust Window size

13




Step 2: Layout and Zooming

6. Youcanusethefi P a D e w iiobRight Arrow) and i P a g e (@r Left Arrow) keys to scroll through the slices.

This is convenient if you inspect only a single or a few slices. You can fi z o © m&ingle slice without changing
the layout by right-clicking the respective slice while holding down the CTRL key. Use the same command to
go back to the matrix layout.

7. BrainVoyager also offers another way to change the layout, by means of the i L a yAmdDisplayOpt i ons 0O

dialog. You can call this dialog by clicking the i L a y o hwtton in thedfi F MRRr o p e dialag erssia the menu
iOopt i>daysutAnd Di splay Options ...0. Use the respective e

Referenced protocol (PRT) file

File: Detach Edit...

P{}Sinfo...H Layout... I l Options... H Close

FMR. and AMR. layout General options

Number of rows: EI Integral zoom level: 1+
Show map threshold info {color bar)

Show border lines between slices

Mumber of columns: |5 |5

[] Zoomed single slice Show slice numbers

VMR Background Color

Show as first slice: |1 .
For transparent intensities (0-10):

You can now move on to Step 3.
14
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Step 3: Creation of the protocol

Step 3: Creation of the stimulation protocol

In this step we learn how to create protocol files. As you will see, these files play an important role in
BrainVoyager simplifying many tasks such as the specification of statistical analyses.

1. Make sure thatthei CG_ OB J E C Tilgis f mr o

open. You find a definition of the protocol at the

beginning of this tutorial ( i S c a n sessiom
informationodo) .

Show Plot

Experiment name: |Objects

Click the A Pr o t.0meaditeminthefiAnal ysi so

menu to invoke the i Pr o © diaog.l Provide a

name for the experiment by entering A ©) ect s o i n

the AEx mamed meineél d.

Info: If you want to edit the protocol after it has been saved, you can also open the dialog, by clickingthei Ed i t 0

button in the

2. We have to define four conditions, A Fi x at i

Al mameéwF d,] mag®¥Fand Al ma gne

B V E do define the first condition, click then A @ d

button on the right side of the iCondi t #dua
will see i <u nt iirt theefidCootiod 1 i sSelect
Ai<unt i tahde dhend click
Alternatively, you may double click the condition
name. Change the name of the first condition to
i F i x @ntthe appearing dialog and then press the
<RETURN?> button.

3. Click the i | n t £>x>&batton to

show the interval definition fields.

4. There are two ways to specify a protocol:

a) specifying the intervals numerically (when does
a condition begin and when does it end) or

b) using a graphical procedure based on a
segmented visual representation oftime. We use the
latter method, which works well with regularly spaced
conditions as in our example.

5. Choose the condition i Fi x affom then O

ACondl t &Ebck thefi Sh & W dutton to
call the fiTime Course Plot [ Pr ot o c o MHiso
dialog shows segments (vertical lines) in units of
10.

NReRTegrémtced pietl dc off

i EdiName o

the AFMR Properties

on

Show Plot

S Experiment name: | Objects

Condition list

<untitled> Add

Ingert

Delete

I NrOfTimePoints: | 250 = Intervals > I

NrOfTimePoints: | 250 = Intervals <<
Intervals defining condition events [ blocks
Interval

NrOflntervals: |0 0 S Add

o Delete

Ak

From: 0 = |0

From volume: 0 0 To volume

A A
A A

Offset [msec]: 0 1] Offset [msec]

Block duration |1 e + Weight

[] Enable parametric weights for intervals

Time units

Volumes [ | Miliseconds TR: | 2000 ms

Load .PRT... |  Save .PRT... Close

Apply To FMR

Options

d Experiment name: | Objects Show Plot

Note: When the segmentation lines are not visible, click the i S h g w ioption.
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8 6. Click the spin buttons of the & { & fielf to

chang its value to & dpEhiBchangesthe time
course segmentatioto the correctwidthin
volumeswith respectto our condtion durations.

Tims asve wgTeT et
v Pew grd

Dew proocs

Soet 9 ': -
Ofet —= ot

7 Enter fi 7i0 the i @ s efield This is necessary
because there are seven baseline data points before
the first main condition starts.

i Remark: Why an offset of i 7 0 ? exXpdriment started with 9 Fixation volumes followed by blocks of 9 (or 2

X 9) volumes. We have, however, skipped the first two volumes during the creation of the FMR document,
whichresultsin9i 2 = ff7s d&itod0 val ues.

g8 7. Click with the left mouse button in all segments

belonging to the Fixation condition as shown on
the right.

120 188 206 2% 242

8 8. Click the @i Add To PRTO button. This will

convert the graphical specification of intervals into
a numerical representation, which will be added
to the protocol. Note that the intervals defined in
the fiTime Course Ploto dialog are added to the
fi ¢ u r rcamdition) which is the one highlighted in
the APr otdalop | 0

8 o9 When some conditions have been defined,

the fATime Course P | owindlow automatically
selects the i Sh opw ot ooptmn @ order to I I I l I I I l I I
present the stimulation protocol defined so far. In T e e ~

. 2 170 188 206 424 242
our case, we see a number of grey vertical bars
representing the intervals ofthe A F i x acondittom. 6

Oew Add To PRT

Redwn Quit

10. Add the next condition by clicking the & ! RR £

o ~

button on the right of the iCondiltii otno .
Changefi<unt ito & & &¥ A B Clibkin
the intervals belongingto this condition in the
dlime Cour® Plot window asindicatedon the
right.

L] % as 62 8O @*% 116 134 152 10 1

8 11. Make sure that the i | ma& @ &VFocondition e
is selected in the i Co n d iistoiara click the
i A dTd PRT obutton in the iTime Cour s e
window.
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12. Add the condition i | ma i;p &Y F & the same

way as the previous condition. Click in the intervals
belonging to this condition inthe iTme Co ur s e
window.

13. Make sure that the Al ma gie RVFO

condition is selected in the d C o n d listoiara
then click the i AddTo PRTOo button in the fiTime
Course P | awvtndow.

14. Add the conditionfi | maigE® V Firothe same

way as the previous condition. Specify the intervals
by clicking in the remaining segments.

15. Make sure that the i | ma o BVFOcondition

is selected in the fi Co n d listoiamd then click
the i A dTdPRT dutton.

After having defined all conditions, you may want to deselectthe i S h g w iopgtion in the fiTime Course P| ot ©

dialog since we do no longer need the grid lines.

16. We now change the display color of our
conditions. In the A Con dil ti isadiak ,on the

i Fi x acoridibon and then on the fi EdG a |

button.

In the appearing fi S e | Ceocl t dialay, change the
i Re ddr e and o Bl vatuésto i 1 0 Click
fi O K daccepb the new color.

17. Clickon the & L Y | i@l$% &conditionand

then again on fi E cciotl &hange the color for
this condition to green by entering the values i 0 0 ,
fi23dndf Oimthe i Re did,r eand d B |
fields. Click fi O Kadaccept the new color.

or o

ueo

Condition list

Fixation

Images in LVF
B Images in RVF
B Images in BVF

Hue:
Sat:

Val:

HTML:

100

7040464

Sat: | 255

v 230

v | #00es00

4k

4k

Red:
Green:

Blue:

Red: 0O

+| Green: 230 :<—

Blue:

Add
Ingert
Delete

Edit Mame

Edit Color

Cancel

S S
—

Cancel

!
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18. Clickon the & L Y I idR& & donditionand Hug: [0 | ped: 230 12—

then again on fi Etdci o | .cChamge the color for sak | 255 ] green: [0t
this condition to red by entering the values val: | 230 $ Bue: 0t ff——0
A236G&and N OInthe A Re, didGr & and
fi B 1 fiekl Click i O Kadaccept the new color. HTML: | #e60000

OK. Cancel
19. Click on the fi | ma o & ¥ Fobndition and Hue: | 240 :| Red: |0 2 €——

Sat: | 255 =S ls : |0 :(—

then againon fi E cciotl €mange the color for this > _ e _
condition to blue by entering the values fi 0 0 , Val: 220 <] Bue: 220 [* | f—o
AO0and N22Mdhe i Re idGr eand d Bl u e
fields. Click A Od&to accept the new color. HTML: | #0000dc

oK Cancel

Exercise: There are further possibilities how you can adapt the appearance of the protocol as well as time
course plots. Check out these features by clicking the A Op t ibottors 0

20. If you now see a screen like the one below, you have successfully created the stimulation protocol!

Experiment nave;  Chjects
Condton kst

Faation

B images inLVF
B Images in 8VF
7 Images in BV

Time course segmentation

Size: |9 [ show grid

Add To PRT

Offset: |7 = Show protocol

Quit

Sohurvls > File same: CG_ORAECTS — -

Save = type | Sthrmdabion profocol fies (*ort) -

Load FPRT.. Save PRT... Zoply ToFMR

* Browse fFolders Cance

_)f

21. Save the protocol to disk under the name i C G _ OB J E C bylusing the the button i S a vRT.. .PThe .
protocol is now temporarily linked to the FMR document. To permanently keep that link, save also the

i CG_-QB CT S .dbcomeat by clicking the fi S a \cendn the menu bar. You may now close the
i Pr o tdabogby dickingthe i C| obst®r

Info: The i F MRRr o p e dialdg shews the stimulation protocol linked to an FMR document.

Note: The consistency of your protocol definitions is constantly checked in the background. The result of this
consistency check is shown in the title bar of the i P r o t diato@ If & O Kappears, your protocol is fine. If,
however, i N OO0 K @&s shown, your protocol contains overlapping condition intervals and you must change
the protocol.

You can now move on to Step 4.
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Step 4: Statistical tests and time courses

Step 4: Statistical tests and time courses

In this exercise, we will learn how to run statistical tests. We will also learn how to inspect time courses of
regions-of-interest (ROI&).

1. If you have closed BrainVoyager, start the program now and open the document
iCG_OBJECTS. fmro.

2. If youdid notstart thisGetting Started Guide @
from Step 1, check if the correct information for TR =
. i i . MrOfices: | 25 KrOfVolumes: 250
and Inter slice time are saved in the FMR file. You e o | ramprree o
can check this information inthe i F MRr oper ti es o ..
dialog, which should open automatically. If this is not Incbem ¥ 35 wm o Skatheki 3 w2 vt
the case, selectthe i Fi-SIF8MRPr op e menue s 0 ewet 35 o Gethdo 0% e | optes, |
item. If necessary, enter the values for the i T Ruad Tutspcr o ewohition and shew tiriens Owinion
the i | n slieert i m&hen click the Ver i f i edd * ™ iV L Elwded of—
checkbox to tell the program to use these values. “"""T"" it T
Fimt  CO_CRIECTS Frstved_as_anat. e Erowss.., | | Datach |
Rafarmncad protocol (55 1) e
Fiei CG_OBXECTS.mt rowse... || Detan || Ede.. |
Fosinfo... | | Layour.. | opters... | [ chsa |

3. Select fi C o m plintae Correlation Ma p $no Analysis | Options  Yolumes Meshes Scene DWI/DTI  EEG-MEG

the i An a | rgesu. Ehig willinvokethe i Li ne ar  MRDataPreprocessing.. Ctrl+Shift-P
Corre Idaalbg ono VTC Data Preprocessing...
VTC Spatial Transformation...

MTC Data Preprocessing...

Protocol...

Event-Related Averaging...

Compute Linear Correlation Maps...

~ & Lowws Conmaon

4. We want to compare the condition i | mag e

in LVFo with the condition i Fi x a floidesigm
arespective fi b ecaro function for this test,
click with the right mouse button in one of the
green vertical segments and with the left mouse
button in a grey vertical segment.

62 S SR 116 13 152 170 188 106 22 M)

Alternative: Another method to define the €

box-car function is as follows:Inthefi c o n dliitsitos
on the right side of the dialog, click with theright
mousebuttononfi | maig EV&Edand with the left
mouse button on A Fi x at To o dedelect
conditions, you can click with the left mouse
button on a selected condition while holding
down the Shift key.
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5. Click the fi HR fudtton (HRF =hemodynamic |[& i ciiis

response function), which will modify the box-car N -
function to accountforthe hemodynamic delay.

[Laatzrc.. | a0 2 [E] e prooond - [

| sovmnrc,, | - Ortest ¢ [ Wb | B

Note: The A H R Muiton will apply a two-gamma = b Correlation Oy 2

Mathrg

hemodynamic response model. If you would like to
change the default parameters of the Two- Gamma R T e IR
HRF, change these values in the A LI N € alowrsmwmn . wetoundmshonosski 15 5 Undarstoot depecsere 1
Correlation Opt i odmk® by clicking the = ————

fiOpt ® oms tNote nhat it is normally not e, mas
recommended to change these values. LR

6. Click the A G Ohutton to run the specified statistical test. The specified reference time course is now

correlated with the time course at each pixel of all slices. The results of all individual tests are saved internally
in a statistical map which is shown on top of the slices. Those pixels surpassing a specified statistical threshold
are shown in red or yellow for a positive correlation and in blue and green for a negative correlation. Pixels
colored red and blue have obtained a value close to the threshold value while pixels colored in yellow and
green have obtained a statistical value, which is substantially higher than the threshold value.

On the right you see the result of the correlation g o{FDR) < 0.850
0.80 ™=

test for slices 6 and 7. There are only a few pixels
in orange color, which surpassed the default
threshold of a correlation of 0.28 or greater. This
threshold is shown on the left side of the color bar.
Note that the statistical values next to the color bar
are only visible if the FMR is zoomed.
Changethelayoutin suchawaythatonly slices 6 and
7 are visible in a zoomed state as shown on the
right (see Step 2: Layout and zooming).

Below the color bar the text fi r ( & iAdcates the statistical test performed ( @+ correlation) together

with the i d e gsroé feeedomo of the test A 1 4 Ohe latter value is required to compute a probability
value i p which indicates the i s i g a n ¢oktbe test. The fi pwalue is shown in the right lower corner.
BrainVoyager uses the i F a IDssavery Ra t @-DR) to determine the default threshold. This approach
provides thresholds corrected for multiple comparisons. The FDR threshold is shown on top of the color bar as

Ag( FDR) < 0.050. For detail s r®Guide. he FDR method, check

7. The standard statistical threshold is high, so only 23

Decrease Threshold
a f ew fpxealst carv ke dseen. To lower the

statistical threshold, click thei De cr ea s e # = Increase Threshold
T h r e s lkeanlindhé toolbar. Observe slices 6 and

7 while clicking the icon repeatedly (i.e. 8 times). You

will finally see more extended fi a c t krain eegions

in the right hemisphere. Note that the right

hemisphere is shown on the left side!
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The observed lateralized activity is expected

from knowledge of the visual system. Our
statistical test has asked the question A Whe r
does the brain respond to stimuli presented in the
left visual f i e | Te?amswer given in form of a
statistical map is i A r emaigly in the visual cortex
oftherighth e mi spher eo.

8. Now we want to see the time course of a
particular brain region (ROI = region- of-interest).
This can be done easily by drawing a rectangle
around the ROI. Click the left mouse button
down at a point where you want to start drawing
a rectangle (1). Keep the mouse button pressed
and move the mouse pointer down and to the right
(2) until the ROI is located within the rectangle.
Release the mouse button. You will see a green
rec- tangle. In addition, a new dialog window pops 3

up showing the i R GBlignal Ti me Co u rThig 0 ( 3|

window shows time on the X axis (in measured
scans) and the fMRI signal on the Y axis.

9. The time course window might be shown initially

a bit small. You can adjust the display size of the
window by moving the mouse to the lower bottom of
the window until the cursor changes to aresize shape.
Then click+drag the window to the size you desire.
Remark: The time course window shows the
mean time course of all i a ¢ t pixelséading within
the specified rectangle.

Note: You can also save the selected ROI by using

CTRL+R, which invokes the A Re g-Ofd mt er e | m
dialog. After clickingthe i S a v buttan yoa have to
specify the target folder and the name of the ROI.

Q(FOR] < 2.130
-0.40 ==

T T S
ROI Signal Time Course [CG_Objects.fmr] X

8 26 44 62 80 98 116 134 152 170 188 206 224 242

Wit Suged Tirm Covarvee (05 Ghrecta e | |

Lead... .. Coreati o WOl Comart i FMRSpace Alh s

10. As an exercise, inspect additional ROI time

courses. If you draw a new rectangle, the previous
rectangle is deleted and the fi RIOSignal Time
Coursedowindow shows the time course for the
new selected ROI. Thus, there is only one ROI
Signal Time Course window visible. You can,
however, see the time courses of more than one
ROI at the same time by using the CTRL key. Press
the CTRL key and hold it down, then draw the
rectangle around a ROI as usual. This will invoke a
new fi R Cdignal Time C o u r wiedow as shown
on the right.

If you have invoked several time course
windows, you can keep track which ROI belongs to
which window by looking at the color of the square at
the left lower corner of the i RIGignal Time Cour s e 0
window as shown on the right side.

To close a fi R CBignal Time C o u r wiredow, click
thefi C| aicorg( i) rndthe right side of the title bar.

You can now move on to Step 5.
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Step 5: Preprocessing of FMR Documents

Step 5: Preprocessing of FMR
documents

In this exercise, we will preprocess the i Ob j edata. $his is an important step in improving the power of
statistical tests, i.e. by removing drifts in signal time courses and by removing head motion artifacts. To get a
fi f e e hbout thedeffects achieved by preprocessing, we will run the same statistical test as in step 4 after
having preprocessed the data.

1. If you have closed BrainVVoyager, start the program now and open the documentiCG_ OBJECTS. f mr o .

2.Preprocessing requires information about the spatial and temporal resolution of the data. If you have not
checked this information in previous steps, you can do this now by inspecting the time and voxel resolution
valuesinthe i F MARo p e r dialag.dfdhis dialog has not opened automatically, you can invoke it by clicking
thed F MRRr o p e menu iem iin the A F i nheBudAs an alternative, you can also change the time and voxel
resolution values (if necessary) inthe i F MR [Pregr & c e s didlog.g o

& | X

3. To improve the quality of the data, we will
preprocess it. Select fi F MBata Preprocessing...0 Freprocessing eptiens
inthe i An a bryexu. $his will invoke the i F MR @) sty et
DataPr epr o c digog.i ng o [] Shce scan time correction
30 mokion correction
There are several preprocessing options like i S| i c e [ spatial smoothing
scantimecorrecti o fi ® motionc or r e and 5oo n 0 [¥] Temporal fitering
on. You can run several preprocessing options at
once. The standard settings of BrainVoyager offer
good results, and do notinclude spatial and temporal [advanced >>| [ cancel | a0
gaussian smoothing. For this exercise, we will,
however, also fi s mo @ur Hata spatially. ‘& 2 5%

Preprocessing options

Note: It is recommended to preprocess the data as
much as necessary but as little as possible. In order
to demonstrate the effects of preprocessing we will
select all options, except @ Me a imtensity

i ¥ 1 A H Spatial thi
adj us twhehmsnot neededin most cases. — [1] spatial smoothing
Temporal filkering

|:| IMean inkensity adjustment
Slice scan time correction

3D mation correction

’Advanced >>] ’ Cancel H GO

4. To see further information/options about

preprocessing tools, click the i Ad v a n>c>edd advanced >2] | cancel || G0

button which will show an extended fi F M Rata
Preprocessi n dialog.

The expanded dialog shows more detailed information about the chosen preprocessing options: 3D motion

correction will be performed on our functional data; in addition, it will be spatially smoothed and linear (and non-

linear) trends ( fi d r in the data Yill be removed. The details of the parameters are described in the User®

Guide and are set to reasonable values automatically. For this exercise please change the interpolation option

from fATrilinear/sinci nt er p liTalineara md e r p mthaft 3 Motiodc o r r e fietd.i Thiswall reduce

the required time for preprocessing. For your own data we recommend to use the fiTrilinear/sinci nt er pol at i c
option (default), which runs slower but produces slightly better results (no implicit smoothing).

5. Click the i G (hatton to run the specified preprocessing options. Afi P r o g diaog wilbappear, which in-
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forms you about the state of preprocessing.

& ~
et
Preprocessing options Slice scan time correckion

[ Mean intensity adjustment Interpolation slice scanning order

Slice scan time carrection O Linear Ascending Yerified
30 mokion correction

() Cubic spline [] pescending
Spatial smoothing

el g () sine Intetleaved

Qutput file options 3D motion correckion

- - Trilinear interpolation Reduced data
Mew STC prefix: 5T _Sp3nss4.00mm_THPGLMF2: | [ Cwerwrite © F -

() Trilinear | sinc interpalation ] Create extended log file

Mew FMR file: -

CT5_SCCAI_3DMCT_SD3DS54.00mm_THPGLMFZC Frr O sinc inberpolation tvery slow) [7] Movie
Waoxel resolution - critical For 30 mokion correction Spakial smoathing
Inplane ¥: | 3.5 mm  Slice thick.: |3 mm ‘erified (Gaussian filker FvHM: |4 T [ Pixel
Inplane ¥: | 3.5 mm  Gap thick.: |0.99 mm Space domain [ Frequency domain [] 2D 30
General information Temporal Filkering
MrOfslices: |25 Mrofvolumes: | 250 Linear trend

High-pass (GLM-Fourier): |2 sines/cosines

Temporal resolution and slice timing information

TR: 2000 ms Inter slice time: | 80 ms werified [[] Gaussian - FWHM: 3 @) secs ) data poirks

o ) o]

Parameters used during pre-processing are included in the name of the resulting file. In our case the
explanation of the abbreviations in the file name is as follows:
CG_OBJECTS_SCCAI_3DMCT_SD3DSS4.00mm_THPGLMF2c.fmr

Temporal High Pass (GLM Fourier) with 2
cycles / points

Space Domain 3D Spatial Smoothing with
» Gaussian filter of 4.00 mm

3 D Motion Correction with Trilinear estima-
tion and interpolation

>» Slice Scan time Correction, Cubic spline
Interpolation, slice scanning order As-
cending Interleaved

i You will find more information regarding different preprocessing options in the Brain\VVoyager Users Guide
and our support website http://support.brainvoyager.com

6. After preprocessing has been completed, BrainVoyager automatically opens the preprocessed FMR
documentcalledi CG_ OBJECTS_SCCAIl _3DMCT_SD3DSS4. 00mm_THPGLMF2c.
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Step 5: Preprocessing of FMR Documents

BrainVoyager shows a graphical representation of the ongoing 3D motion correction. A specified volume

serves as the reference (the first as default) to which all other volumes are aligned in space by rigid body
transformations. The detected head motion of a volume with respect to the reference volume results in 3
translation and 3 rotation parameters. These detected values are used to translate and rotate the respective
volume accordingly to A u n dhe a@etected head motion. During 3D motion correction, the six estimated
parameters are displayed incrementally in a time course graph (see below). The 3 translation and 3 rotation
parameters are color-coded as follows:

0 Motion Comection Pacsmeteny

red -> translation in X direction, - : :
green -> translation in Y direction, Rigld Body Motion Parameters - 3 Translations,
blue -> translation in Z direction,
yellow -> rotation around X axis,
magenta -> rotation around Y axis,
cyan -> rotation around Z axis.

0 +em———

26 51 76 101 126 151 176 201 226

Note that the axes are defined in image space (i.e. not in Talairach space): X refers to the image left-to-right
direction, Y refers to top-to-bottom direction and Z refers to direction across slices (first-to-last image). The

display can be altered in the same way as the Event-Related averaging plot window, which will be described
in step 8. You can access these options by clicking with the left mouse button in the plot.

BrainVoyager saves automatically a movie file in the directory of the FMR document that visualizes the motion
in the data before and after motion correction.

Exercise: To see the effect of preprocessing, run the same correlation test as in exercise 4 for both the original

and preprocessed data and also inspect the time courses of the same ROI& as in exercise 4. Try to reproduce
the layout shown below.

. ) MO | ROISignal Time Course [CG_OBJECTS.fmr] @
-0.80 ==

399
0

8 26 44 62 80 98 116 134 152 170 188 206 224 242
0.28

{140)

p < 0.000914

CIL LR R LU RO Signal Time Course [CG_OBJECTS_SCCAI_3DMCT_SD3DS54.00mm_THPGLMF2c.fmr] @
-0.80 ==
oy

380

8 26 44 62 80 98 116 134 152 170 188 206 224 242

[=]

0.23

r(140)
p < 0.006175

You will see that the statistical map is more extended after preprocessing, which is due to spatial smoothing.
In addition, there are no more drifts in the data due to the removal of linear and nonlinear trends.

Note: For this exercise, we included spatial data smoothing. For individual data analysis and a standard
functional matrix size of 64 x 64 pixels, we do not recommend spatial data smoothing.

You can now move on to Step 6.
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Step 6: Statistical analysis with the General Linear Model (GLM)

Step 6: Statistical analysis with the General Linear Model (GLM)

In this exercise, we will use the General Linear Model (GLM) to analyze the i Ob j edata. $h@ GLM goes
beyond simple correlation or t-tests by allowing to specify advanced statistical models containing many
explanatory variables also called fi p r e d i Aspezified model is i f i ttotthe dime course of each voxel
resulting in a A t fioFod A Rwualue telling us how good the overall model explains the time course. In addition,
the fit tells us whether one or more individual explanatory variables contribute significantly to explain the voxel
time series data. It is also possible to test contrasts, i.e. whether the estimated effect (beta weight) of a predictor
A is significantly larger (or smaller) than the estimated effect of a variable B.

1. If you have closed BrainVoyager, start the program now and open the document
iCG_OBJECTS_SCCAI _3DMCT_SD3DSS4. 00mm_THPGLMF2c. f mr o.

Analysis | Options  Volumes Meshes  Scene  DWI/DTI  EEG-MEG
FMR Data Preprocessing... Ctrl+Shift+P
VTC Data Preprocessing...

2.Selecti Ge n e r a IModeli Singl@Study. .in 0

the A An al meni. §his will invoke the A Si ngl e
Study GeneralLi ne ar diogd el 0

VT Spatial Transformation...

MTC Data Preprocessing...
Note: For more details about the GLM consult the

Protocal..

section A TehGeneral Linear Modeld in chapter Event-Related Averaging...
ASt atli BataiAcnaa | ydof ithe ®rainVoyager ) _
~ . Compute Linear Correlation Maps...
User® Guide. _
_ General Linear Model: Single Study... Ctrl+G
3. We want to specify a model with three |GG cesailimm w06 Objuis SCoa B snosd i oG e 5

predictors reflecting our three main conditions | &
il magmaeV F ol madgeRVFoand A lages  jall
inBVE®hed Pr edi feld tellssué that the
dialog is already prepared for entering the first
predictor (see red rectangle). Like with a correlation
test, we can enter the reference function for the first
predictor with the mouse: Click with the right mouse
button in one of the green vertical bars to define the
first predictor.

Note that the predictor fAName: 0 field is automatically

Remark: You can also click with the left mouse button in one of the grey vertical segmentstosetthei Fi x@t i on

condition to baseline. This is, however, not necessary since the time course is defined to be zero for all conditions
initially.

4. Click the A H RMutton, which will modify the |

reference function to account for the hemodynamic
delay of the fMRI signal.

Note: You can also use the i Coinh d o n onlthes t
right side to specify the reference function as |

e 2 ne Mert  Daget 0 L¥

described under A Al t e r in atepi4\VieSsa at i s-t=i-c al - T ‘ b _n o me

testsandtimecour ses 0.
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Step 6: Statistical analysis with the General Linear Model (GLM)
ft):'qo-a'. (u;}tp;-;qi Ubnaes il :ﬁn:dﬁén_ﬁznn OUCT 0K Oihwers THOCLMI 2 -| 2 u
5. We now want to enter the second predictor for the |
fi | maigRVFocondition.
Click the i A dPdr e lalihon to create a new empty
time course for entering the second predictor. In the
iPredifcitedrds,0 you wi | | Bow
which indicates that we currently see the time |l |
course of predictor 2 and that we have currentlya | ==
model of 2 explanatory variables.

6. Specify the time course of the SECONd PrediCtor | o o test BESims S LSt Ieir el )
by clicking with the right mouse button in one of
theredverticalsegmerts. Clik the & | Gwbutton
to accountfor the hemodynamidaelayof the fMRI
signal.

1 e prtms t e

e 7 2 e Wawer s 1507

7. Specify the time course of the third predictor, | S Sl Gl Nl €6 01 SO iy S i IeGurs: e
First click the i A dPd e litbon to get a new empty
predictor. Then click with the right mouse button
in one of the blue vertical segments. Finally, click
the i H R Budton to account for the hemodynamic
delay of the fMRI signal.

)

8. We have now defined our simple general
linear model consisting of three predictors.
You can inspect the specified reference
functions for each predictor by clicking the up
or down spin of the i P r e doismintcontrol (see
arrow on the right). You will see the time course
of the first (1/3), second (2/3) or third (3/3) predictor N——— ' RT— |
in the window. = = (e demeren L ]

[ o bt || ewaonk || Caent

L e Ol ue

You can see all predictors simultaneously

by clicking the i S h @l and A Ues
protocolo check-box.

Info: If you made any error entering the predictors, you canusethei C| B m elditon to set the values of the

reference function of the currently selected predictor back to zero values. To remove the currently selected

predictor from the model, click the i D @ Ir e lmlithon. To remove all predictors at once, usetheid D&l | 0o

button. Importantly, it is also possible to define all predictors of the model automatically by clickingthefi De f i n e
P r e duton, which can be helpful for complicated designs.
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Step 6: Statistical analysis with the General Linear Model (GLM)

9. We now save the generated model to disk
because we will need it later (see step 14). Click

the i Sav éutton. 10t he appeari ng fiSa Vv et =] Save
=

Cancel

Save as lpe: |‘3\ng\e-run design matrix files [*.sdm)

dialog, enter flObjectsDesignMatrix.sdmo and
click the i S a vbatton. The saved i S D Mite
contains the time courses of the three defined
predictors.

Info: When a GLM is computed by clicking the i G Chaitton, BrainVoyager also automatically saves a .sdm

file, which would be in our case: CG_OBJECTS_SCCAI_3DMCT_SD3DSS4.00mm_THPGLMF2c_FMR_au-
tosave.sdm.

10. Now Click the A G Ohutton to run the GLM, | e esr Gl Sl (E6 St Sl e S Wanri e 35

The specified model is now fitted to the time
course at each pixel in all slices. The results of all
individual model fits are saved internally in a glm
data structure, from which statistical maps can be
derived.

After finishing the computation, a statistical Aid a
map of the A fl unbdeld is shown. The full model
shows regions in orange-to-yellow colors, where
one of the predictors, a combination of the predictors
or all three predictors together produce a
significant effect (see figure on the right). Note the
difference to a correlation test (or t-test) where
only an individual comparison can be tested (see
step 4).

q(FDR) < 0.050
-8.00

U EEERE

[ -

Furthermore, the program will automatically invoke
the Voxel Beta Plot showing the beta values for the
voxel under the current mouse cursor position. The
beta value represents the contribution of a
predictor to the explanation of the time course of a
voxel. You can also see the precise statistical value
fi b e | thhewnduse cursor by looking at the status . 2.90

bar. t(246)
p < 0.004038

11. You will see the map showing a lot of single - Statistical Maps ?
activated pixels. They are not relevant to our Etal il b i to o
experiment, and therefore, we will set a cluster Ve stntec cute
threshold to show only clusters of a certain size. B Tt Codtiinem rovge e
Click onthe menuitem i An a | and dh@oge the Von. B e s s ls
option fi Ov ggr Vodume Ma p s . (or. gress 4= Me S
CTRL+M). This wi I | open theapBS8tatuwsiti cal,, USRS
dialog. On this dialog you will see the group ii C $teu Wofemls: (31229 oFi | 46 A i hacaciid

t hr es tith bné spinboxc al | e d Clinisge z e 0 .

the default value of i 1 0 fi 6amd click the i OK 0 Lose. P Delets | [V rpaly mmedanaly | Cancu o
button.
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Step 6: Statistical analysis with the General Linear Model (GLM)

Now the map should look much cleaner, like the a(FDR) < 0.050
8,00 ™

image on the right.

s Sorw DT EEGAME

12. We can ask the computed GLM several

i g ue sawith the help of the fMOverlay GLM
Contrastso dialog (or i Ov e rdLawdialog for

short). To invoke this dialog, click the A Over | ay
General Linear Modelfiitem in the AiAnal ysi so
menu. You will see a list of the three predictors,

which we defined in the i Si en $tudy General

Linear Mo d dialag.

Remark: Even with automatic naming, it is

sometimes helpful to rename predictors. If you
would like to do this, click on a predictor, which
makes this the currently selected predictor. Then
click the i E chiatm éuiton, which will invoke the
fChange Predictor Name oOdialog. Now enter
the new name for the predictor and then click the
fi Odbutton or press the <return> key.

=
~——— —_—— Teo @ 2t W TDAS FvT— =

13. Onthe left side of the predictor list, open squares

are shown, which allow to select subsets of — P—
predictors. Click on the button i CI €ant rta s i s i LVF 1 =il
clear all predictors. Now click on the square of e e
predictor 1 to mark it with a plus sign (+). This i Cordnsh
corresponds to asking the GLM to show us those e +}
regonsi n the brain where predi T
LV F bas a significant effect (explains a significant T 07
amount of the variance of a voxel& time course). Dekere 4
Now click the i O Kootton. Copress s Conadnweel | 100 3 w.ii Ein
Laad (AW Leed O™ —,EF» o

You will see that activity is now mainly in the right
hemisphere (shown on the left side of the slices)
since the first predictor corresponds to stimuli with
images in the left visual field.
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Step 6: Statistical analysis with the General Linear Model (GLM)

14. Gobacktot he f Ov e rdiadoy. Click Meé q(FDR) < 0.050
-8.00 =

iCl €amnt rbat®ntdremove any check marks
from the predictor list. Check fi | ma o k¥ F with
a plus sign and click the fi O Kbot- ton. You will now
see activity mainly in the left hemisphere.

Tip: To quickly invoke the i Ov e IGIL Mgialog,

press CTRL+V. Alternatively, click the Al ncr eas e
Thr es brdhe @ ® e ¢ e @haesholdo icon while

holding down the CTRL key.

nm

15. Invoke the i Ov e/rGLMO dialog again. Click

the i Cl eamt rbat®rt @ remove any check [@ bbb bibiibiibindal.
marks\ fron the p_red|ctor ‘I_|st. Checlg il ma dne e U [t con
LVFandfi | ma ig B\SF with a plus sign and click o s i ‘

the i O&button. You will now see activity in regions z Images n FiF
in which the two predictors together (their mean ds Images g

value) differs significantly from zero.

16. Gobacktot he fi OV er dicdoyg. YOB oo | oweres SR Contiass™ untied:sim e
Predickor Mr. Predickor Mame

check a predictor not only with a plus sign (+) but also
with a minus sign (-) by clicking again on a predictor
which has already a plus sign. Check predictor 1
with a plus sign and predictor 2 with a minus sign.
This creates a contrast asking for those brain regions
where predictor 1 is more active than predictor 2.
Click the i Odbutton to see the result. Compare the
outcome with the result of task 13 and try to explain
the difference!

Om®

1 Images in LYF
2 Images in RYF Clear Contrast
El Irmages in BYF

Fill Coritrast

[ Conjunction analysis Contrast name: | 1-1 0 Mr. |1 :C: I
17. Save the computed GLM under the name:

ACG_OBJECT $imPyiing the

i Sav@L butonofthed Ove GLMY di a
We will be using this file in later steps.

Save .GLM... || Save .CTR... Two set relative contribution Edit Name

File name: |EG_D BJECTS_FMR.glm j Save |
Save as type: | GLM statistics file [* glr] | Cancel

You can now move on to Step 7.
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Step 7: Detailed GLM analysis of regions-of-interest (ROI&)

Step 7: Detailed GLM analysis of regions-of-interest (ROI&)

In this step, we will apply the General Linear Model (GLM) to the time course of a selected region-of-interest
(ROI). The used i R A3 L Mtbol produces statistical tables and graphs with detailed information about how
good a chosen statistical general linear model fits to the data. It also provides results of specified contrasts for
the data in the ROI. The tool works identical for FMR documents and VTC based documents (introduced in
step 14) and is applied here to our preprocessed i Ob | edatd. s 0

1. If you have closed BrainVoyager, start the program now and open the document iCG_OBJECT S _
SCCAlI _3DMCT_SD3DSS4. 00mm_THPGLMF2c. f mr 0.

Sumn oo Yourms Mobo  oox QWD EEC MEC

2. To apply the ROI GLM tool, we need the time o T vl

course for a region-of-interest. To select a time
course, we will first overlay a statistical map. Select

ATT ks Wapens

Protorat

i Ov e rGerergl Linear Mo deihthe i Anal ysi so et b g -
menu. This will invoke thei Ov e GLMaCGyo nt r ast s 0 Cermccte Lowar Comrcn e
dia|og Cerenw Linnw Myved Sivye Scdy, Znkes
' Gurary Livoo Mook Nudi Stdy, Ny Seiy oot fol L
6.uL, Gererd Livor Mazel ¥ Y

3. In the invoked dialog, load the General Linear

Modeli CG_ OBJ ECT S _ BavEd in gtépré by
clicking the i O p e n oin thetloeahfi F i nhepud

’ Load .GLM... ” Load .CTR... ]

[Sa\-’e JGLM. .. ][ Save \CTR... ] [ Two set relative contribution

4. Now check both predictors il ma m&\F and i | ma o &€ F Click the i O Kbatton to overlay the
statistical map on the EPI slices. Change the cluster threshold size to 6, like we did in Step 6, point 11.

q(FDR) < 0,050

5. Now select a region-of-interest by dragging a

rectangle around an active region. In the figure on
the right, a ROI on the left side has been selected
encompassing early visual areas of the right
hemisphere. The appearing i R O8ignal Time
Courseowindow shows the associated time course
of the selected ROI. This time course is the
average of the individual time courses of all
included voxels.

Y8 116 134 152 170 188 206 224 242

6. We can now apply the ROI GLM tool to the chosen time course. To get access to further options, right-click at
any point in the i R CBignal Time C o u r wirdow. This will show a context menu with further options. Select
thei S h o w/OHpit d etemsAé a short-cut to show/hide the advanced options, simply click with the left mouse
button in the i R CBignal Time C o u r wireddw.
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7. In the expanded i RICBignal Time Courseodialog,
click the i R @ L Mbutton. This will invoke the

AROlI GLM Speoi iabhbgo

8.Inthe i Ou t pputti sectisndof the dialog,

A GLMr a pdndGLtMa b lare shiecked as
default. There are additional options producing

information about serial correlations. For details

about these options, consult the User& Guide.

Before we can run the GLM for the ROI time course,
we have to specify a design matrix file. Click the
AiBr ows ehutton 0 and select the file
AObj ect s Desd mahMdawerhave saved
in the previous step. This file contains the time

courses for our three defined predictors.

9. Before starting, we can also specify that we want

to have analyzed contrasts. Switch to the
i Cont rtabs Tosspecify a contrast comparing
stimulation in the left vs right visual field check the

il maig EVsFwithafi +taddthefi | maig B6F 0

with  adsidgh by clicking one or two times on the
rectangles indicated on the right. This contrast asks
whether predictor 1 is significantly more (or less)

active than predictor 2 within the chosen ROI.

Now click the i F @& & Midutton, which will finally
calculate the ROl GLM presenting the result in

a table and a graph.

10. One of the appearing windows shows the
i R Oime Coursei GLM R e s u taliles.o

The first i A N\MA dtable shows how good the
chosen General Linear Model fits the ROI time
course. The last row shows an overall value, the
multiple correlation coefficient fi R @vhich can
have values between 0.0 and 1.0. The value
i R= 0 . iBd&&ted that our model fits very well
to the data.

Thesecondfi P r e dtaltetstmws the so called
beta weights estimated by the GLM together with
information about their significance.

The third table shows that our specified contrast
is highly significant.
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General funckions

| Update Piot | | options...

| Export TxT.... | | SaverTC...

— | rotaM.. || ou

— .
| ¥ ROt GLM Speofications

Genery W Lottrais

Desigs manu fie

Somple Datn'O banct oG 56/ 0 bacteDemgriVotra, sérm Srowem.,

Catracius [ Ostps options

7 GUN graphs Autocarrelston graphs AR(1)

7 GLM tabden 7 Correcsen for serd carrelaton. 43 AR(Z)

THTH QOLrSa T2NTOIMINoN 2ppied to G3ch rur

¥ Sbamfom -trarefoom g baseine segments anky
rymorm Frodictor vabses <= 010

feaM Canewl

- B
& ROUGLM Specitications

Gasreral R Controsts
Conupats ( Contriduben tests
Pregicioe Nt Pragictor Name Add costrast

A 1 Images in LVF Choar contragt
2 Images in RVF

[mages in BVF Aalarem /-

Oelate ol

Comat name; 12 0 Wt s n

Load CTH. Seve LTN...
















































































































































































































































