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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 ñObjectsò example on our sample data web page: 

http://www.brainvoyager.com/bvqx/samples/ 

Please download ñObjectsDicomGSG.zipò and extract all files in the following folder (replace <USER> with 

your login name): 
 

Windows: ñC:\Users\<USER>\Documents\BrainVoyagerData\ObjectsDicomGSGò 

Mac OS X: ñ/Users/<USER>/Documents/BrainVoyagerData/ObjectsDicomGSGò 

Linux: ñ/home/<USER>/Documents/BrainVoyagerData/ObjectsDicomGSGò 
 

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. 

i Extra Information 
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. 

ñFileò - > ñNew Documentò 
This style indicates that you should use the respective menu entries (here File and New Document). 

 
A black arrow indicates you should enter some information 

 

A green 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, donôt hesitate to contact us at: support@BrainVoyager.com. 
 

Sincerely yours, 

Rainer Goebel, Henk Jansma, Caroline Benjamins & Judith Eck 

http://www.brainvoyager.com/bvqx/samples/
mailto:support@BrainVoyager.com
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The ñObjectsò Tutorial 
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 ñfixation blocksò of equal length. In a fixation 

block, only a cross was shown, which the subject should fixate. 
 
 
 
 
 
 
 
 

Scanning session information 
 
 

Experiment: Objects 

Subject: CG 

Conditions: Fixation 

images in LVF (Left Visual Field) 

images in RVF (Right Visual Field) 

images in BVF (Both Visual Fields) 

NrOfSlices: 25 

SliceThickness: 3 mm 

SliceGap: 3.99 mm 

FoV: 224 mm  x  224 mm 

Matrix: 64 x 64 

NrOfVolumes: 252 

TR: 2000 ms 

InterSliceTime: 80 ms 

SliceOrder: Ascending, interleaved 

First images: BetSog_20040312_Goebel_C2 - 

0003-0001-0001.dcm 
 

 
 
 
 
 

Intra-session anatomical 3D scan (T1, MPR) 

NrOfSlices: 192 

Stimulation protocol 
 

(blocked design, 1 run) 
Volume nr Condition name 

1 -  7 Fixation 

8 - 25 Objects_in_RVF 

26 -  34 Fixation 

35 -  52 Objects_in_LVF 

53 -  61 Fixation 

62 -  79 Objects_in_BVF 

80 -  88 Fixation 

89 - 106 Objects_in_RVF 

107 - 115 Fixation 

116 - 133 Objects_in_LVF 

134 - 142 Fixation 

143 - 160 Objects_in_BVF 

161 - 169 Fixation 

170 - 187 Objects_in_RVF 

188 - 196 Fixation 

197 - 214 Objects_in_LVF 

215 - 223 Fixation 

224 - 241 Objects_in_BVF 

242 - 250 Fixation 

First image: 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) 
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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 ñCreate Document Wizardò dialog in the ñFile -> New Doc Wizardò menu. Alternatively, you can 

use ñFile -> New Documentò, which opens the ñCreate Documentñ 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 BrainVoyagerôs 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 ñBrainVoyagerò icon. 
 

 
 

8 2. After opening BrainVoyager, you will see a ñWelcomeò window giving you the opportunity to reload all files

 used in the previous session by checking the ñReload documents of previous sessionò option and providing 

i you with additional information via the ñGetting Startedò link. After clicking the ñAcceptò button the ñWelcomeò 

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. 

 

 
 

i 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
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Step 1: Creation of a functional document 
 

i  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. 

 

 
 
 
 

F 3. We will now begin importing the data into BrainVoyager by creating a document. Select ñFileò -> 

ñNew 

8 
Doc Wizard...ò or click the ñNew Doc Wizardò icon in the toolbar 
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8 4. The Document Creation Wizard will 

guide you step by step through the 
creation process. 

 
To start, click the Next button. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

8 5. First you 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 
descriptions. For a functional document 
we thus have to choose an FMR 
document. It will contain the repeated 
measurements of the brain as it is scanned 
volume by volume during the execution of the 
ñObjectsò experiment. 

 
Click ñNextò to continue. 

 
 
 
 
 
 
  
 
 
 

8 6.Choose the type of raw data format as 

ñDICOMò. 
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7 7. Enter the name of the document 

8 
ñCG_OBJECTSò. To choose the source di- 

rectory click on ñBrowseò to navigate to the 

ñObjectsDicomGSGò folder in the 
ñBrainVoyagerDataò directory 

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

 

 

i 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. 
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Step 1: Creation of a functional document 
 

8 9. The Document Creation Wizard now automati- 

cally detects the different sets of DICOM files 

in this directory and determines from their 
header, what type they are and how many files 
they contain. 
Choose ñBetSog_20040312_Goebel_C2 

-0003-0001-00001.dcm (the only fmr-file 
present) and click ñOKò. 
Note that 252 files (= volumes) have  been 

detected. 
 
 
 
 
 
 
 
 
 
 
 
 

8 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 timepoint. 

 
Click ñNextò to continue. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

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.  
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Step 1: Creation of a functional document 
 
 
 
 
 

F 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. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

8 Click ñFinishò to build the document. 
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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. 
 

 
 

F 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 ñFMR Propertiesò dialog, shown above, is opened automatically. 
This dialog allows you to inspect and modify the relevant information of the FMR document. You can call this 
dialog at any time via the menu item: ñFileò -> ñFMR Properties...ò. 

 

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. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

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. 
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Step 1: Creation of a functional document 
 

BrainVoyager is able to take these values from the header, if available. In our data, the ñTRò value 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 ñVerifiedò option is not checked, it is important to check the ñTRò and ñInter slice timeò values. In 

our example, you can find them in the ñScanning session informationò page at the beginning of this guide. When 

the values in these fields are correct, click the ñVerifiedò checkbox to tell the program to use these values. This 

will automatically save the FMR document to disk with the updated values. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

i Info: When you click on the ñOptionsò button in the ñVoxel resolution definitionò field, the ñCompute Inplane 

Resolution from FOVò dialog 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 ñVerifiedò option in the ñVoxel resolu- 
tion definitionò field is checked and no changes are necessary. If changes are necessary, enter the values for 
the ñField Of Viewò and press the ñOKò button. The computed pixel resolution values are updated also in the 
ñFMR Document Propertiesò dialog. To tell the program that you are sure that these values are correct, check 
the ñVerifiedò option. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

You can now move on to Step 2. 
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Step 2: Layout and Zooming 
 

Step 2: Layout and zooming 

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

 
 

8 1. If you have closed BrainVoyager, start the 

< program now and open the document  
ñCG_OBJECTS.fmrò. If you just performed the 
previous step, you should be able to access the 
document by clicking its name in the ñRecently 
opened FMRôsò section in the Files Pane. 
Alternatively, all documents used in the previous 
session will be opened automatically, if you check 
the ñReload documents of previous sessionò option 
in the ñWelcomeò window. 

 

 
 
 
 
 

8 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 BrainVoyager has 
arranged the images, you can use the ñDecrease 
Columnsò and ñIncrease Columnsò icons to 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 ñWindow -> Sub-Window View Modeò. You 

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 windowôs ñMaximizeò icon. 

 
8 3. Click the ñIncrease Rowsò icon to see more rows 

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 ñSaveò icon 

or by using the ñFile -> Saveò menu item. 

 

8 4. Click the ñImage Borderò toggle to enable or dis- 

able drawing of separating lines between slices. 
 

8 5. Click and hold ñAltò to zoom in on a part of one 

of your slices. Make sure the ñZoom Viewò is 
opened. 

 
 
 
 
 
 

Show / Hide 3D Volume Tools dialog  

Show / Hide Border 

Decrease Columns 

Increase Columns 

Decrease Rows 

Increase Rows 

Decrease Threshold 

Increase Threshold 

Adjust Window size 
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Step 2: Layout and Zooming 
 

7 6. You can use the ñPage Downò (or Right Arrow) and ñPage Upò (or Left Arrow) keys to scroll through the slices. 

This is convenient if you inspect only a single or a few slices. You can ñzoom inò a single 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. 

 
8 7. BrainVoyager also offers another way to change the layout, by means of the ñLayout And Display Optionsò 

dialog. You can call this dialog by clicking the ñLayout...ò button in the ñFMR Propertiesò dialog or via the menu 

ñOptions -> Layout And Display Options ...ò. Use the respective entries to adjust the display to your needs. 

 
 
 
 
 
 
 
 
 
 
 
  
  
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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

Step 3: Creation of the 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. 
 

7 1. Make sure that the ñCG_OBJECTS.fmrò file is  

8 open. You find a definition of the protocol at the 

< beginning of this tutorial (ñScanning session 
informationò).  
Click the ñProtocol...ò menu item in the ñAnalysisò 
menu to invoke the ñProtocolò dialog. Provide a 
name for the experiment by entering ñObjectsò in 
the ñExperiment nameò field. 

 

Info: If you want to edit the protocol after it has been saved, you can also open the dialog, by clicking the ñEditò 

button in the ñReferenced protocol (PRT) fileò field of the ñFMR Propertiesò dialog. 

 

7 
2. We have to define four conditions, ñFixationò, 

8 ñImages in LVFò, ñImages in RVFò and ñImages in 
BVFò. To define the first condition, click the ñAddò 
button on the right side of the ñCondition listò. You 
will see ñ<untitled>ò in the ñCondition listò. Select 
ñ<untitled>ò and then click ñEdit Nameò. 
Alternatively, you may double click the condition 
name. Change the name of the first condition to 
ñFixationò in the appearing dialog and then press the 
<RETURN> button. 

 

 
8 3. Click the ñIntervals >>ò button 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 of time. We use the 

latter method, which works well with regularly spaced 

conditions as in our example. 

 

 

 

 
 
 
 
 

8 5. Choose the condition ñFixationò from the 

ñCondition listò. Click the ñShow Plotò button to 
call the ñTime Course Plot [Protocol]ò dialog. This 
dialog shows segments (vertical lines) in units of 
10. 

 
 

Note: When the segmentation lines are not visible, click the ñShow gridò option. 
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8 6. Click the spin buttons of the ά{ƛȊŜέ field to 

change its value to άфέΦ This changes the time 
course segmentation to the correct width in 
volumes with respect to our condition durations. 

 

7 Enter ñ7ò in the ñOffsetò field. This is necessary 

because there are seven baseline data points before 

the first main condition starts. 
 
 
 

i Remark:  Why an offset of ñ7ò? The experiment 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, 
which results in 9 ï 2 = 7 ñoffsetò values. 

 

 
 

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

belonging to the Fixation condition as shown on 
the right. 

 

 
 

8 8. Click the ñAdd To PRTò 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 ñTime Course Plotò dialog are added to the 
ñcurrentò condition, which is the one highlighted in 
the ñProtocolò dialog. 

 
 
 

8 9. When some conditions have been defined, 

the ñTime Course Plotò window automatically 
selects the ñShow protocolò option in order to 
present the stimulation protocol defined so far. In 
our case, we see a number of grey vertical bars 
representing the intervals of the ñFixationò condition. 

 
 
 
 
 

7 10. Add the next condition by clicking the ά!ŘŘέ 

8 button on the right of the ñCondition listò. 

Change ñ<untitled>ò to άLƳŀƎŜǎ in L±CέΦ Click in 
the intervals belonging to this condition in the 
άTime Course Plotέ window as indicated on the 
right.  

 
 
8 11. Make sure that the ñImages in LVFò condition 

is selected in the ñCondition listò and click the 
ñAdd To PRTò button in the ñTime Course Plotò 
window. 
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8 

 

 

7 12. Add the condition ñImages in RVFò in the same 

way as the previous condition. Click in the intervals 
belonging to this condition in the ñTime Course Plotò 
window. 

  

 
8 13. Make sure that the ñImages in RVFò 

condition is selected in the ñCondition listò and 
then click the ñAdd To PRTò button in the ñTime 
Course Plotò window. 

 
 
 

7 14. Add the condition ñImages in BVFò in the same 

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

 

 
 

8 15. Make sure that the ñImages in BVFò condition 

is selected in the ñCondition listò and then click 
the ñAdd To PRTò button. 

 

8 After having defined all conditions, you may want to deselect the ñShow gridò option in the ñTime Course Plotò 

dialog since we do no longer need the grid lines. 

 
7 16. We now change the display color of our 

8 conditions. In the ñCondition listò, click on the 

ñFixationò condition and then on the ñEdit Colorò 
button.  
In the appearing ñSelect Colorò dialog, change the 
ñRedò, ñGreenò and  ñBlueò values to ñ100ò. Click 
ñOKò to accept the new color. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

7 17. Click on the άLƳŀƎŜǎ in L±Cέ condition and 

8 then again on ñEdit colorò. Change the color for 
this condition to green by entering the values ñ0ò,  
ñ230ò and ñ0ò in the ñRedò, ñGreenò and ñBlueò 
fields. Click ñOKò to accept the new color. 
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7 18. Click on the άLƳŀƎŜǎ in R±Cέ condition and 

8 then again on ñEdit colorò. Change the color for 
this condition to red by entering the values 

ñ230ò, ñ0ò and ñ0ò in the ñRedò, ñGreenò and 

ñBlueò fields. Click ñOKò to accept the new color. 
 

 
 
  

7 19. Click on the ñImages in BVFò condition and 

8 then again on ñEdit colorò. Change the color for this 
condition to blue by entering the values ñ0ò, 

ñ0ò and ñ220ò in the ñRedò, ñGreenò and ñBlueò 

fields. Click ñOKò to accept the new color. 
 
 
 
 

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 ñOptionsò button. 
 
 
 

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

 
 
 
 
 
 
 

7 21. Save the protocol to disk under the name ñCG_OBJECTS.prtò by using the the button ñSave.PRT...ò. The 

8 protocol is now temporarily linked to the FMR document. To permanently keep that link, save also the  

<    ñCG_OB- JECTS.fmrò document by clicking the ñSaveò icon in the menu bar. You may now close the  

 F ñProtocolò dialog by clicking the ñCloseò button. 
 
 

i Info: The ñFMR Propertiesò dialog shows 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 ñProtocolò dialog. If ñOKò appears, your protocol is fine. If, 

however, ñNOT OKò is 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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8 

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 (ROIôs). 
 

 

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

ñCG_OBJECTS.fmrò. 
 
 

7 2.  If you did not start this Getting Started Guide  

from Step 1, check if the correct information for TR  

and Inter slice time are saved in the FMR file. You 

can check this information in the ñFMR Propertiesò 

dialog, which should open automatically. If this is not 

the case, select the ñFile -> FMR Propertiesò menu 

item. If necessary, enter the values for the ñTRò and 

the ñInter slice timeò. Then click the ñVerifiedò 

checkbox to tell the program to use these values. 
 

 
 
 
 
 
 
 
 

8 3. Select ñCompute Linear Correlation Mapsò in 

the ñAnalysisò menu. This will invoke the ñLinear 
Correlationò dialog. 

 
 
 
 
 
 
 
 
 
 
 

8 4. We want to compare the condition ñImages 

in LVFò with the condition ñFixationò. To design 
a respective ñbox-carò 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. 

 

 
 
 

 
i Alternative: Another method to define the  

box-car function is as follows: In the ñcondition listò 

on the right side of the dialog, click with the right 

mouse button on ñImages in LVFò and with the left 

mouse button on ñFixationò. To deselect 

conditions, you can click with the left mouse 

button on a selected condition while holding 

down the Shift key. 
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8 5. Click the ñHRFò button (HRF =hemodynamic 

response function), which will modify the box-car 
function to account for the hemodynamic delay. 

 
 
 
 
 
 
 
 
 
 

i Note: The ñHRFò button will apply a two-gamma 

hemodynamic response model. If you would like to 
change the default parameters of the Two- Gamma 
HRF, change these values in the ñLinear 
Correlation Optionsò dialog by clicking the 
ñOptionsò button. Note that it is normally not 
recommended to change these values. 

 

 
 
 
 

8 6. Click the ñGOò button 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. 

 
 
 

i On the right you see the result of the correlation 

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. 
Change the layout in such a way that only slices 6 and 

7 are visible in a zoomed state as shown on the 

right (see Step 2: Layout and zooming). 

 
 

i Below the color bar the text ñr(140)ò indicates the statistical test performed (ñrò ->   correlation) together  

with the ñdegrees of freedomò of the test ñ140ò. The latter value is required to compute a probability 
value ñpò, which indicates the ñsignificanceò of the test. The ñpò value is shown in the right lower corner. 
BrainVoyager uses the ñFalse Disovery Rateò (FDR) 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 
ñq(FDR) < 0.05ò. For details on the FDR method, check the Userôs Guide. 

 
 
 
 
 

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

a few ñactiveò pixels can be seen. To lower the 
statistical threshold, click the ñDecrease 

Thresholdò icon in the toolbar. Observe slices 6 and 

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

will finally see more extended ñactiveò brain regions 

in the right hemisphere. Note that the right 

hemisphere is shown on the left side! 
 

Decrease Threshold 
 
 

Increase Threshold 
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1 

3 

i The observed lateralized activity is expected 

from knowledge of the visual system. Our 
statistical test has asked the question ñWhere 
does the brain respond to stimuli presented in the 
left visual field?ò. The answer given in form of a 
statistical map is ñAreas mainly in the visual cortex 
of the right hemisphereò. 

 

 
 

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 

up showing the ñROI Signal Time Courseò (3). This 

window shows time on the X axis (in measured 

scans) and the fMRI signal on the Y axis. 

 
 
 

8 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 a resize shape. 
Then click+drag the window to the size you desire. 

i Remark: The time course window shows the 
mean time course of all ñactiveò pixels falling within 
the specified rectangle. 

 

i Note: You can also save the selected ROI by using  

8 
CTRL+R, which invokes the ñRegion-Of-Interestò 
dialog. After clicking the ñSave...ò button you have to 
specify the target folder and the name of the ROI. 

 

 
 

8 10. As an exercise, inspect additional ROI time 

courses. If you draw a new rectangle, the previous 
rectangle is deleted and the ñROI Signal Time 
Courseò window 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 ñROI Signal Time Courseò window 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 ñROI Signal Time Courseò 
window as shown on the right side. 

 

To close a ñROI Signal Time Courseò window, click 

the ñCloseò icon (ñxò) on the right side of the title bar. 
 
 

You can now move on to Step 5. 

2

0 
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Step 5: Preprocessing of FMR Documents 
 

Step 5: Preprocessing of FMR 
documents 

 

 
In this exercise, we will preprocess the ñObjectsò data. This 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 

ñfeelingò about the effects achieved by preprocessing, we will run the same statistical test as in step 4 after 

having preprocessed the data. 

 

8 1. If you have closed BrainVoyager, start the program now and open the document ñCG_OBJECTS.fmrò. 

< 
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 

values in the ñFMR Propertiesò dialog. If this dialog has not opened automatically, you can invoke it by clicking 

the ñFMR Propertiesñ menu item in the ñFileò menu. As an alternative, you can also change the time and voxel 

resolution values (if necessary) in the ñFMR Data Preprocessingò dialog. 
 
 

8 3. To improve the quality of the data, we will 

preprocess it. Select ñFMR Data Preprocessing...ò 
in the ñAnalysisò menu. This will invoke the ñFMR 
Data Preprocessingò dialog. 

 
There are several preprocessing options like ñSlice 

scan time correctionò, ñ3D motion correctionò and so 

on. You can run several preprocessing options at 

once. The standard settings of BrainVoyager offer 

good results, and do not include spatial and temporal 

gaussian smoothing. For this exercise, we will, 

however, also ñsmoothò our data spatially. 

 
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 ñMean intensity 

adjustmentò, which is not needed in most cases. 
 
 
 
 
 
 
 
8 4. To see further information/options about 

preprocessing tools, click the ñAdvanced >>ò 
button which will show an extended ñFMR Data 
Preprocessingò dialog. 

 

 
 

i 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 (ñdriftsò) in the data will be removed. The details of the parameters are described in the Userôs 

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

from ñTrilinear / sinc interpolationò to ñTrilinear interpolationò in the ñ3D motion correctionò field. This will reduce 

the required time for preprocessing. For your own data we recommend to use the ñTrilinear / sinc interpolationò 

option (default), which runs slower but produces slightly better results (no implicit smoothing). 

 
 

8 5. Click the ñGOò button to run the specified preprocessing options. A ñProgressò dialog will appear, which in- 
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forms you about the state of preprocessing. 
 

 

 
 

 
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: 
 

i 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 BrainVoyager Users Guide 
and our support website http://support.brainvoyager.com 

 
 
 

6. After preprocessing has been completed, BrainVoyager automatically opens the preprocessed FMR 

document called ñCG_OBJECTS_SCCAI_3DMCT_SD3DSS4.00mm_THPGLMF2c.fmrò. 

http://support.brainvoyager.com/
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Step 5: Preprocessing of FMR Documents 
 
 

i 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 ñundoò the detected 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: 

 
red -> translation in X direction,  

green -> translation in Y direction, 

blue -> translation in Z direction, 

yellow -> rotation around X axis, 

magenta -> rotation around Y axis, 

cyan -> rotation around Z axis. 
 

 
 

i Note that the axes are defined in image space (i.e. not in Talairach space): X refers to the image left-to-right 

8 
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. 

 

8 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 ROIôs as in exercise 4. Try to reproduce 
the layout shown below. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 

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 ñObjectsò data. The GLM goes 

beyond simple correlation or t-tests by allowing to specify advanced statistical models containing many 

explanatory variables also called ñpredictorsò. A specified model is ñfittedò to the time course of each voxel 

resulting in a ñtò, ñFò or ñRò value 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. 
 
 

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

ñCG_OBJECTS_SCCAI_3DMCT_SD3DSS4.00mm_THPGLMF2c.fmrò. 

 
 
8 2. Select ñGeneral Linear Model: Single Study...ò in 

the ñAnalysisò menu. This will invoke the ñSingle 
Study General Linear Modelò dialog. 

 
 

i Note: For more details about the GLM consult the 

section ñThe General Linear Modelò in chapter 
ñStatistical Data Analysisò of the BrainVoyager 
Userôs Guide. 

 

 
 

8 3. We want to specify a model with three 

predictors reflecting our three main conditions 
ñImages in LVFò, ñImages in RVFò and ñImages 
in BVFò. The ñPredictorsò field tells us 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 ñName:ò field is automatically set to the name of the corresponding condition. 

 

 

i Remark: You can also click with the left mouse button in one of the grey vertical segments to set the ñFixationò  

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

 

 
 

8 4. Click the ñHRFò button, which will modify the 

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

 

 
Note: You can also use the ñCondition listò on the 

right side to specify the reference function as 

described under ñAlternativeò in step 4 ñStatistical 

tests and time coursesò. 
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Step 6: Statistical analysis with the General Linear Model (GLM) 
 
 

8 5. We now want to enter the second predictor for the 

ñImages in RVFò condition. 

Click the ñAdd Predò button to create a new empty 

time course for entering the second predictor. In the 

ñPredictorsò field, you will now see the entry ñ2 / 2ò, 

which indicates that we currently see the time 

course of predictor 2 and that we have currently a 

model of 2 explanatory variables. 
 

 
 

8 6. Specify the time course of the second predictor 

by clicking with the right mouse button in one of 
the red vertical segments. Click the άIwCέ button 
to account for the hemodynamic delay of the fMRI 
signal. 

 
 
 
 

8 7. Specify the time course of the third predictor. 

First click the ñAdd Predò button to get a new empty 

predictor. Then click with the right mouse button 

in one of the blue vertical segments. Finally, click 

the ñHRFò button to account for the hemodynamic 

delay of the fMRI signal. 
 

 
 
 

8 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 ñPredictorò spin control (see 
arrow on the right). You will see the time course 
of the first (1/3), second (2/3) or third (3/3) predictor 
in the window. 

 
 

 
 
8 You can see all predictors simultaneously 

by clicking the ñShow allò and ñUse 
protocolò check-box. 

 
 
 
 
 
 
 

i Info: If you made any error entering the predictors, you can use the ñClear Predò button 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 ñDel Predò button. To remove all predictors at once, use the ñDel Allò 
button. Importantly, it is also possible to define all predictors of the model automatically by clicking the ñDefine 
Predsò button, which can be helpful for complicated designs. 
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Step 6: Statistical analysis with the General Linear Model (GLM) 
 

7 9. We now save the generated model to disk  

8 because we will need it later (see step 14). Click 

the ñSave...ò button. In the appearing ñSave Asò  

< dialog, enter ñObjectsDesignMatrix.sdmò and  

F click the ñSaveò button. The saved ñSDMò file 

contains the time courses of the three defined 

predictors. 

 

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

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

 

8 10. Now Click the ñGOò button to run the GLM. 

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 ñtò 

map of the ñfull modelò 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). 
 

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 

ñbelowò the mouse cursor by looking at the status 

bar. 
 

 
 
7 11. You will see the map showing a lot of single 

activated pixels. They are not relevant to our 

8 experiment, and therefore, we will set a cluster 
threshold to show only clusters of a certain size. 
Click on the menu item ñAnalysisò and choose the 
option ñOverlay Volume Maps...ò (or press 
CTRL+M). This will open the ñStatistical Mapsò 
dialog. On this dialog you will see the group ñCluster 
thresholdò, with one spin box called ñSizeò. Change 
the default value of ñ1ò to ñ6ò and click the ñOKò 
button. 
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Step 6: Statistical analysis with the General Linear Model (GLM) 
 

Now the map should look much cleaner, like the 

image on the right. 
 
 
 
 
 
 
 
 
 
 

8 12. We can ask the computed GLM several 

ñquestionsò with the help of the ñOverlay GLM 
Contrastsò dialog (or ñOverlay GLMò dialog for 
short). To invoke this dialog, click the ñOverlay 
General Linear Modelñ item in the ñAnalysisò 
menu. You will see a list of the three predictors, 
which we defined in the ñSingle Study General 
Linear Modelò dialog. 

 
 

 
i 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 ñEdit nameò button, which will invoke the 
ñChange Predictor Nameò dialog. Now enter        
the new name for the predictor and then click the 
ñOKò button or press the <return> key. 

 

 
 
 
 

 

8 13. On the left side of the predictor list, open squares 

are shown, which allow to select subsets of 

predictors. Click on the button ñClear Contrastò to 

clear all predictors. Now click on the square of 

predictor 1 to mark it with a plus sign (+). This 

corresponds to asking the GLM to show us those 

regions in the brain where predictor 1 ñImages in 

LVFò has a significant effect (explains a significant 

amount of the variance of a voxelôs time course).  

Now click the ñOKò button. 

 

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. 

3 

1 

2 

2 1 

3 
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Step 6: Statistical analysis with the General Linear Model (GLM) 
 
 

8 14. Go back to the ñOverlay GLMò dia log. Click the 

ñClear Contrastò button to remove any check marks 
from the predictor list. Check ñImages in RVFò with 
a plus sign and click the ñOKò but- ton. You will now 
see activity mainly in the left hemisphere. 

 

 
Tip: To quickly invoke the ñOverlay GLMò dialog, 

press CTRL+V. Alternatively, click the ñIncrease 

Thresholdò or the ñDecrease Thresholdò icon while 

holding down the CTRL key. 
 
 
 

8 15. Invoke the ñOverlay GLMò dialog again. Click 

the ñClear contrastò button to remove any check 
marks from the predictor list. Check ñImages in 
LVFò and ñImages in RVFò with a plus sign and click 
the ñOKò button. You will now see activity in regions 
in which the two predictors together (their mean 
value) differs significantly from zero. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

8 16. Go back to the ñOverlay GLMò dialog. You can 

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 ñOKò button to see the result. Compare the 
outcome with the result of task 13 and try to explain 
the difference! 

 
 
 
 
 
 
 

7 17. Save the computed GLM under the name: 

ñCG_OBJECTS_FMR.glm, by using the  

8 ñSave .GLMò button of the ñOverlay GLMò dialog 

< We will be using this file in later steps. 

 
 
 
 
 

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

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

In this step, we will apply the General Linear Model (GLM) to the time course of a selected region-of-interest 

(ROI). The used ñROI GLMò tool 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 ñObjectsò data. 

 

8 1. If you have closed BrainVoyager, start the program now and open the document ñCG_OBJECTS_ 

< SCCAI_3DMCT_SD3DSS4.00mm_THPGLMF2c.fmrò. 

 
 

8 2. To apply the ROI GLM tool, we need the time 

course for a region-of-interest. To select a time 
course, we will first overlay a statistical map. Select 
ñOverlay General Linear Modelò in the ñAnalysisò 
menu. This will invoke the ñOverlay GLM Contrastsò 
dialog. 

 

 

 
8 3. In the invoked dialog, load the General Linear 

Model ñCG_OBJECTS_FMR.glmò saved in step 6 by 
clicking the ñOpenò item in the local ñFileò menu. 

 
 

 
8 4. Now check both predictors ñImages in LVFò and ñImages in RVFò. Click the ñOKò button to overlay the 

statistical map on the EPI slices. Change the cluster threshold size to 6, like we did in Step 6, point 11. 
 

 
8 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 ñROI Signal Time 
Courseò window shows the associated time course 
of the selected ROI. This time course is the 
average of the individual time courses of all 
included voxels. 

 
 
 
 
 
 
 
 
 
 
 
 

8 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 ñROI Signal Time Courseò window. This will show a context menu with further options. Select 

the ñShow/Hide Optionsò item. As a short-cut to show/hide the advanced options, simply click with the left mouse 

button in the ñROI Signal Time Courseò window. 
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< 

 
8 7. In the expanded ñROI Signal Time Courseò dialog, 

click the ñROI-GLMò button. This will invoke the 
ñROI GLM Specificationsò dialog. 

 

 
 
 
 
 
 
 
 

8 8. In the ñOutput optionsò section of the dialog, 

ñGLM graphsò and ñGLM tablesò are checked as 
default. There are additional options producing 
information about serial correlations. For details 
about these options, consult the Userôs Guide. 
Before we can run the GLM for the ROI time course, 

we have to specify a design matrix file. Click the 

ñBrowse...ò button and select the file 

ñObjectsDesignMatrix.sdmò, which we have saved 

in the previous step. This file contains the time 

courses for our three defined predictors. 
 

 
 
 
 

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

to have analyzed contrasts. Switch to the 
ñContrastsò tab. To specify a contrast comparing 
stimulation in the left vs right visual field check the 
ñImages in LVFò with a ñ+ò and the ñImages in RVFò 
with a ñ-ò sign 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 ñFit GLMò button, which will finally 
calculate the ROI GLM presenting the result in 
a table and a graph. 

 
 
 
 

i 10. One of the appearing windows shows the 

ñROI Time Course ï GLM Resultsò tables. 
 

The first ñANOVAò table shows how good the 

chosen General Linear Model fits the ROI time 

course. The last row shows an overall value, the 

multiple correlation coefficient ñRò, which can 

have values between 0.0 and 1.0. The value 

ñR=0.860ò indicates that our model fits very well 

to the data. 
 
 

The second ñPredictorò table shows 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. 

 
 
 
































































































































































