- 1'BESA

Tutorial



1 ) BESA

BESA®

Tutorial

Copyright and Trademarks

The BESA Research product and its documentation are copyrighted © 2017 by BESA GmbH. All rights
reserved.

BESA® is a registered trademark of BESA GmbH, Graefelfing, Germany.

All other trademarks, brands and product names used in this guide are trademarks of the respective
owners.

Author(s): Isabella Paul-Jordanov, Karsten Hoechstetter, Harald Bornfleth, André
Waelkens, Michael Scherg

Document name: BESA Research 6.1 User Manual

Revision number: 007

Revision date: 26 June 2017



BESA®

Table of Contents

Table of Contents

INEFOTUCTION ...ttt b e a e bbb bt en et et e st e st ebese e b e 4
TULOTTAl 1 — PrePrOCESSING ..cuiiiiiiiiiieieetertetee ettt sttt ese b e nes 5
What does BESA RESEAICN PrOVIAE?.......ccueviiiieieiieestereeeeeee et 5
AL DALA REVIEW ...ttt ettt 6
B. Interpolation, Marking of Artifacts, 3-D Mapping, Remontaging..........cccccceeeevvnvevereennns 9
C. Independent Component ANAIYSIS (ICA) ...t 13
D e = 10T N D 1 NSRS 18
B FIEEIING ettt ne b e 20
Tutorial 2 - Artifact Correction, Triggers, AVEIagiNng ....cccccceeeieererenenienenienseeeeseseesseneens 27
What does BESA ReSEAICh ProVIAE?.......ooeeiiiiieeieciee sttt sttt st s re e s 27
A, ATTIFACT COMECHION ...ttt ettt 28
B. Definition of conditions based on trigger values, names and attributes......................... 35
C. Artifact rejection based on amplitude, gradient and low-signal criteria. .................... 39
D. Averaging and ClassiC ERP ANAIYSIS ........cccoiriririneeeee e 42
Tutorial 3 —Batch Processing, Combine ConditioNS.......cccccueeeirinenenenieneneieeeeeeseseneene 47
What does BESA ReSEAICh ProVIAE?.......ooveuiiieeeiieeieecteee ettt sttt st ae s 47
A, BatCh PrOCESSING ...c.oiiiieiiticteeeee ettt ettt ettt st et st ere et e s be et e steesaebesanenns 48
B. Creating Grand AVEIAQES.......c.cceecieeieeeeitieeete sttt sttt este s e eaestesteesesbeeaestesssensesteesaessessnenns 53
Tutorial 4 — DiSCrete SOUICE ANAIYSIS ..ttt st sse e e enees 61
What does BESA ReSearch proVide?..........ov oottt evs e 61
A.  Theoretical INTFOAUCTION ........ccueiiiiiieirieiec et 62
B. Single Dipole Fitting with Simulated Data.............cccoceeveeieeeiiceeeeeece e 74
C Single Dipole Fitting in REaAI DAta .........ccccoeiuieieciiceeiesteeeete ettt st 84
D. Fitting Regional Sources in Simulated Data..........cccccveeeeviereece s 86
E. Fitting Regional Sources in Real Data ...........ccccecveviiieeriisiciescceeeseeee e 95
F. Independent Component ANAIYSIS (ICA) ...ttt 100
G CONCIUSIONS ...ttt ebe b ne e 102
General guidelines for SOUICe aNAlYSIS .......cooieririeiere e e 102
What does BESA ReSearch proVide?..........oeeiieeeeeeseeesie ettt 103
BESA Research 6.1 Tutorial Page 1 of 318

Copyright © 2017
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany



BESA®

Table of Contents

What ShOUId YOU PIrOVIAE? ......oveeeieieceeeese ettt ettt sttt e e entesreennas 103
Tutorial 5 — Coregistration and FEM MOdeling ......c..cocevereriiinininineneseeeeieeeese e 105
What does BESA RESEAICN ProVIAE?.......ccucveiiiririniesiesieteieieteie ittt 105
AL INETOTUCTION .ttt st b et ese b e nnes 106

B. Starting the coregistration of EEG and MRI data using BESA Research and BESA
MRI 108

C. Utilizing the individual anatomy in BESA RESEArCh ..........cccoeveviverieieieeenesee 116
D. Individual FEM Model for Source Analysis - Introduction............ccccveeveviereeceecieennnne. 119
E. Coregistration with Individual MRI and use of FEM Model for Source Analysis —
HEANAS-OMN...o ettt ettt b e bt b e s e e bt e s et et ebeebeebeneenen 122
Tutorial 6 — Distributed Sources I: Volume Methods .........cccoeeviiniincincncncenceeee 135
What does BESA ReSEAICh ProVIAE?.....c.ccv ittt st et e 135
A. Short theory of distributed SOUICE IMAGES .....ccveveiiieeeieceeee e 136
B. Comparison of different distributed source imaging methods ...........ccccceveinenencnene. 143
C. Settings for distributed source images: The effect of regularization.............c.ccecc..... 152
D Other IMAJE SELHNGS .....eoueiuirierterteietee ettt sttt et ebe b b e 157
E. EXport and impPort OPLIONS ......cccveciieeiiieeeecie sttt st st e e saesteeaesbeeaaesesreennas 159
Tutorial 7 — Distributed Sources Il: Surface Methods and Template Models ................. 161
What does BESA RESEAICh ProVIAE?.....c.ocviiiiieeceeece ettt ettt sttt 161
N = Tod (o | £0] 1T PRSP 162
B. Comparison of different surface imaging methods..........cccccvveeeveveecn e, 163
C. Settings for surface imaging Methods ..o 170
D HEAA MOTEIS ...ttt 175
E. Batch processing and export of cortical reSUItS .........ccvveeeiiiecececeece e, 183
Tutorial 8 — Source Montages and Artifact COrreCtion......ccccceeveeeveieececeeeece e 185
What does BESA ReSearch proVide?..........covveeieieiericieeseeese sttt eneens 185
A. Pre-defined SOUIrCe MONTAQGES .......ccceeieviieieeiectieeere ettt sttt re e ae e eneens 186
B. Creating & SOUICE MONAGE .......ccururireriririririreeteieieieieie ettt ieieies ettt et senesenenas 191
C. ATTIFACT COMECTION ..ceeeeieiee ettt s 194
D The Effect of Artifact Correction on Averaged ERP data ...........ccccooceveevnvieeceneenene. 196
E. Source analysis of artifact-corrected data (not recommended).........cccccevevevvevieennnnee. 202
BESA Research 6.1 Tutorial Page 2 of 318

Copyright © 2017
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany



BESA®

Table of Contents

F. Contrasting artifact and brain topographies — the Optimizing method (recommended)

205

G. Artifact Correction of raw data USING ICA ..o 207
H. Applying the Optimizing method when using ICA-reconstructed data for source
ANAIYSIS .ttt b e bt b e bt et n bt re e 215

Tutorial 9 — Time-Frequency Analysis, Coherence, Beamforming .......cccocceevvvevveninenene 223
What does BESA ReSEAICh PrOVIAE?.....c.ocviiieieiecteeese ettt sttt 223
A. Principles of scalp and SOUIrCe CONEIENCE ........ccccieieviiiiecesecee e 224
B. Simulation of evoked and induced activity in the auditory Cortex.........cocevevverenenenne. 230
C Inspecting and understanding the simulation with real EEG background ............... 231
D. TIMe-freqUENCY @NAIYSIS.....ccicieiicieeeece e s ra e s enes 236
. CONEBIEINCE ..ottt b e sttt et et eseeneebeneeaan 242
F. Regularization €ffECIS.......o ettt st 245
G Scalp Coherence in the Auditory Intensity EXperiment.........c.ccooveveveveenenenenennens 249
H Source Coherence in the Auditory Intensity EXperiment.........cocooeveveveeeeneneniennens 252
[.  Multiple Source BeamfOorming.......c.ccoccoeieirinenenirieeeeeeeee ettt 255
J. Dynamic Imaging of Coherent Sources (DICS) — a short introduction......................... 262
K. Cortico-cortical coherence With DICS..........ccocoiriiineneieeeesese e 265
L. Cortico-muscular coherence With DICS ..........ccooiviriienieieeerere e 269

Tutorial 10 — CroSS-SUDJeCt StatiSTICS ..occvviecieiceeeeeeee e 273
What does BESA ReSearch proVide?..........ovveeieieiericiee sttt sae e ennens 273
A. Applying a source model to individual datasets using batch scripting ........c.cccoevvvueeee. 274
B. Exporting individual source waveforms via batch scripting.........ccccceeveveeveiineevecnenen. 283
C. Introduction Cluster Permutation StatiStiCS.........ccocvvererieieiieirireseseseeeeceeee e 289
D Analyzing source waveforms statistically using BESA Statistics .........ccccoevevverueneee. 294
E. Comparing more than two conditions or groups with BESA Statistics...........ccccecevuenee. 305
F. Analyzing the correlation between physiological response and a covariate of interest

311
BESA Research 6.1 Tutorial Page 3 of 318

Copyright © 2017
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany



BESA®

Introduction

Introduction

This Tutorial is created to guide you through a complete data analysis from preprocessing of
individual datasets to cross-subject statistics of source analysis, time-frequency analysis or
source coherence results. We will work with simulated datasets that help to understand basic
mechanisms. Further we will be working with a real dataset of an auditory intensity
experiment located in the BESA Examples folder

.In
this experiment 10 subjects listened to tones (1000 Hz) of different intensity (60, 70, 80, 90,
100 dB).
BESA Research 6.1 Tutorial Page 4 of 318
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Tutorial 1 — Preprocessing

What does BESA Research provide?

v" Paging through your data screen by screen or jumping to selected time-points /
events

Adjusting signal amplitude and time-scale

Interpolation of bad channels, changing the channel status

Marking of Artifacts

3-D mapping of the topography at the selected cursor position

Remontaging in sensor and source space

Independent Component Analysis (ICA)

Fast-Fourier-Transform (FFT) of the selected data block

Density Spectral Array (DSA) view of the whole data set

AN NN Y N N N NN

Filtering

BESA Research 6.1 Tutorial Page 5 of 318
Copyright © 2017
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA®

Tutorial 1 — Preprocessing

A. Data Review

1. Start BESA Research. From the File
menu, choose Open. In the Select
Data Files box, select folder

in the
folder. Change the file type to ERP
files (*.edf, *.bdf, *.cnt, *.avg) and open

file

2. This is a dataset recorded from a 32-
channel electrode cap with Cz as
reference and one EOG channel. Blue
electrodes are over the left side of the
head, red electrodes over the right
side, black electrodes are over the
midline. Triggers are coded as vertical

black bars at the bottom of the screen.

3. To see the 3D-coordinates of the
electrodes and additional head surface
points, select File / Head Surface
Points and Sensors [/ View.

(Alternatively, you can type the short

cut V on the keyboard.) Fiducials are

displayed as pink cubicles, electrodes
as red discs. If you click on an electrode
its label will be displayed. If you select
an electrode in the main window, it will
be highlighted in the surface points

view. Close the surface points window.

BESA Research 6.1 Tutorial
Copyright © 2017
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4. Select File / Head Surface Points and
Sensors / Load Coordinate Files...
(alternatively: ctrl-L) A window opens
showing all auxiliary information that is

associated with the data file.

5. This dialog window allows to specify

additional information on channel

configuration (*.ela), digitized head
surface points (*.sfp, *.eps) and labels
(*.sfn) and more. Here, no additional
files need to be loaded as all the
relevant information is stored within the
data file. If BESA finds auxiliary files
with the same basename as the data
file, they will be automatically loaded.

Close the window.

6. In order to page through your data you
can either hit the space bar or use the
arrows in the bottom left corner of the
main window. The arrows with the
vertical bar allow you to move half a

page forward or backward.

BESA Research 6.1 Tutorial
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You can also jump directly to a certain
time-point by pressing Goto / Time...

You might also add markers or
comments to your data by right-clicking
into the data and selecting Marker or
Comment. You can then jump directly
to these events via the Goto menu as

well.

To the

amplitude scaling button on the right

rescale your data, use
side of the main window (just below the
button Scp). In the present case, the

scaling of 50 pV is appropriate.

In order to change the length of the
data window that is displayed at a time
use the time-scaling button at the
bottom right of the main window. In the
present case 10.0 s is an appropriate

viewing window.

BESA Research 6.1 Tutorial
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10. If you only want to view a sub-set of dwri_"]ScaIpChannels — X :
your electrodes use the button Scp on
Fpl to Cz All P
the right of the main window. You can -4 31731
Selected - -
either choose the first / second half or i A s |
i il If 331
the 1% to 4™ quarter of the recorded B j | | Wt~
2nd half
channels. You may also adjust the “ Q s 0
St quarner I
number of electrodes you want to have w |
2nd quarer
displayed by using the sliders. In the S
rd quarter
current case, change to the all-channel i
quarter
view. oo
B. Interpolation, Marking of Artifacts, 3-D Mapping, Remontaging
1. Electrodes that display a faulty recording P4 : S
. . " Define this channel as bad
can either interpolate or set as bad. o1 Interpolate this channel M
Interpolation is based on spherical A E
splines, i.e. the information of all other A2
electrodes is used to compute the :z; WWWWW
interpolated signal. If a channel is set as ™ '
bad it will be ignored. To interpolate or set TB VM N g et A 5

a channel as bad right-click onto the T A
according channel label and select g o1

Define this channel as bad or Interpolate 02 e e s b Nt
this channel'. Interpolated channels will :; W
be displayed in pink, bad channels in grey. F7 WWW

In the current dataset, there are no bad

F8
channels and no interpolation is needed. T8

! Important note: in case a channel is at located at the rim of the electrode cap it is recommended to set it as bad
rather than interpolate it as interpolation might be inaccurate. The position of an electrode can be checked
following step A3 of this tutorial.

BESA Research 6.1 Tutorial Page 9 of 318
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2. BESA uses amplitude, gradient and low-

signal thresholds when scanning for

artifacts (see Tutorial 2). Still, you might
want to specify artifacts in your data by
hand. This can be useful for e.g. muscle

artifacts that are high-frequent and small

23Tk

in amplitude. In the current dataset Goto

TEIdd

Time 00:04:28. You will see a muscle

gan

artifact. Left-drag a window across it,

right-click into it and select Define as

f3EvIEER

Artifact. A red bracket will appear at the I

bottom of the main window marking the

artifact. It will be ignored for further MWWM‘W}“«'WMWM

analysis. The artifact marker can be

deleted by right-clicking on a bracket and WWW

choosing Delete. Please delete the artifact ! 15 A1 Af
T

marker in the current dataset.

3. Goto Time 00:05:49. You will see an

eyeblink that is mainly picked up by
electrodes Fpl and Fp2. Double-click on M et st = o —
it to open the 3D-Mapping window. You & = e
will see a strong frontal positivity that is
typical for eye-blinks in EEG data. We will o = ,, ,
not deal with eyeblinks at this stage. ——— —

I3 1
I 13 w

T 000540 To O016KG  Mak3375a | Cuw 3375e P41 610N Fitwrs off Bofter 1 Naww Ovignal

BESA Research 6.1 Tutorial Page 10 of 318
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4. It is possible in BESA Research to remontage the recorded data using virtual standard
electrode caps (Vir-Button) (international 10-10-system) or source montages. In the former
case you can view the data as if they had been recorded using a standard electrode cap.
In the latter case data are translated into source space using source montages provided by
BESA (Src-Button) or created by the user (Usr-Button, see Tutorial 7) so that you can get

an immediate display of activity in the respective sources in the continuous recording.

\rtifact Search Tags Goto O

M’H V'|r|5rc|Usr|
ey f

a) Select Vir / Reference Free. This virtual montage consists of 27 standard EEG channels.
The reference was computed as the average signal of an interpolation over the complete
head surface (approximated by a sphere). Since the physical head model assumes a zero
integral over the head surface, this type of referencing removes the bias of the reference
electrode. Note that the Cz electrode carries signal in this montage. Also note that the signal
becomes cleaner as the noise that is common to all electrodes gets subtracted by average

referencing.

/¥ BESA 5.3 - Ci\_eseal xampl
File Edit View Filters Montage Process ERP Arifact Search Tags Goto Options Help

F|F+|wrs |saw | 30 MG | ERP | DSA | Rec | Wir Src | Usr | Opt | EdM | LF | HF | NF | EdF | EEG

virtual Reference Free _Add |

L O U T e e T T T
AT wtypnmap st - - el N » A I P Pt A P f

Po_rir
Fpi_flr wm
FI_rir
T_rir
PT_rfr
o1_rir
F3_rir

Cartr
PA_Hr o U U SN SUS R SO
- e e
e
FPZ_HT st o tmcsnges S / s
o ot ~ . o 1
FIHE  ommrm o A ™ et . RS

CI_Hr s oottt i it e e s

Pz_rir
oz_rir
Fi_rir
Ca_rtr —~
P4_rir
Fp2_rir

Fo_rr o

TB_rr

o et
o2_rfr

FA0_rlr =

A2_ir

PI0_rr ~ o L Y e e Y

IEEIaE ST TR T L T TR \mmumm

Time; 00:05:49 Total: 00:16:02 Offs: 00:05:49 Cur: 0,056 5 : FO_rfr :9.93 pv Filters off Buffer: 1 Wiew: Original Correct: Off Bad: 0
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b) Select Src / BR_Brain Regions. Paging through the data you can immediately see that

the left and right temporal sources carry more signal than the other sources.

@ESYERCe: —TaX
File Edit View Filters Montage Process ERP Arifact Search Tags Goto Options Help

F|[F+| Wrs | SAW|[ 30 MG | ERP | DSA | Rec | Vir | Src Usr | Opt | EdM | LF | HF | NF | EdF | EEG |

source BR_Brain Regions Lad|

TAL_BR w-r-u-w\“xm‘afwﬁmxw\,s\»'-dv["\w‘\'xmww/rr«»MW‘A\WWWMWM’M~l’mﬂl"~"’\'\~\ﬁ)‘m"n’(\\‘u,nwm‘rwM‘N‘,'\r\‘-\«’w..\w’V\n’\'u\mwuwm\,.“JﬂM‘l\M\Mm(un-v«r\'-ww'v‘"ﬁ\-\l“"r"v“\\*"www\,,;H\,»,,»wm/mw\;.,n.'»w,,_m-u.\w

TPL_BR “"\‘wW\»'v\\/\-«—\wv‘-»VA'V'W/N‘M‘M'\«".4fi'v\v\\~\P\"\-"~/‘(nv"l “ N,\W,,m-,/\m,J'“’Nwl.»m«ww\“l"'m*h‘w T dN‘V,(‘\W“.y/*fg'\m.'l"‘,'vgm“/l[‘\r"A\"'N’ff\'JIIfM\WW“"‘“"A‘"MWM'\’M.\MQ‘W\‘«WA‘ o gy

FLLBR  UNAAMAR A A A A AN A AN VAN Al N 0 PPN, A NS 0, A N A0 A AT AN AN AP AN,

CLLBR  omdetheimp el iy A W g A iy ek N A AAAAIATA AN AL AR AP At e PNt n bty

PL_BR st et Mol ansthos s A A AR Ay, a0 NN kS s AP A At N AN A 1 00 At NPk ot Pt 0~ PNt i AN A AN H A

EPM_BR VS marrammm S WAt tin e,

oo e P AN N Ny b AN P BN AP g NI e i o it VN L pm et os W st A

FULBR e et s s A Ao A A i s A e A e s A AN A A e A e Ao A an i
[ sre |
1515

CM_BR ot Attt oAbt oAt A AN A At At A S A ANt o A bt
L e e S R )|
OPM_BR. ‘et i i gy A AN et e Mooy i NNYA= gl M\ I At N LA AN gl i ot Lo A st NAA A A

FRBR e

CRBR Ao

PRIBR ‘et Ve o An A A AN e

ANPL AN AN N

TPR_BR VWM Ao s i/ VA ATt P B0 WA AN A WA ANNIAN 0 N g A A N A AN NN SA AN S A A M e A

2 I1 la 3 1
l‘l""l ) | 'i ”‘ e i Wi i . 100

Time: 00:00:36 Total: 00:16:02 Offs: 000036 Cur:8.776 5 : TAL_BR : -30.5 nAm Filters off Buffer: 1 View: Original Correct: Off Bad:0

5. It is possible to view the current montage — -= @t nnn
by pressing the EdM button (alternatively
you can press Edit / Montage). In the
current case we see a source montage that

consists of 15 sources covering the whole

brain. If you click on a source label in the
middle panel BESA will slice the standard

MRI to the position of the source. You may
change to a coronal or saggital view by

pressing the according buttons = @

. To see different views at the same time,

—=,

L]
press the button e .
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1 Montage | Options  Hel
6. In the montage editor press Montage / e O T T EY: wn|
. Virtual 4 Reference Free
Virtual / Reference Free to change back Source | 00 verage

User 4 CSD-Laplacian

Additional Channels Double Banana

to sensor level. Now you see the position — ;
Display 'Edit' Montage E Triple Banana

Horizontal Bipolar

of the 27 standard electordes. Note that 742 Rference

Combined Ears
Referential-Cz

you can create your own montages or re-

Reference Free (10-10)
CSD-Laplacian (10-10)

reference your electrodes in the montage

editor as well. Return to the raw data using

the current montage by pressing the «

button located in the top left corner of the RS @ @J
montage window. ¢ ik S S % .

C. Independent Component Analysis (ICA)

ICA analysis allows decomposing EEG/MEG data into independent components. ICA
components can be used for artifact correction, as spatial components in source analysis or
for creating ICA-reconstructed data only containing signal from specified ICA components. ICA
decomposition is performed on the current screen and can be started from the ICA entry in the
menu bar or by pressing the ICA button located in the button menu. The amount of data
available in the current screen can be manipulated by using the time scaling button in the

bottom right corner of the main window (max. 1200 s).

The method behind ICA analysis is the extended ICA algorithm (Lee TW et al. Independent
component analysis using an extended infomax algorithm for mixed sub-Gaussian and super-
Gaussian sources. Neural Computation 11(2), 1999, 409-433). Before the ICA is calculated,
the dimensionality of data is optionally reduced by PCA. By default, all PCA components are
ignored that explain less than 1% variance. The use of PCA can be switched off or the variance

cutoff can be altered by pressing ICA / Options.

While ICA is being computed, the current analysis step is displayed in a dialog box along with
the changing weights. The first ICA step may take longer for many samples than the

subsequent steps. ICA analysis stops when the change of weights from 1 step to the next is
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Copyright © 2017
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany



BESA®

Tutorial 1 — Preprocessing

smaller than 1.e-6 or after max. 500 steps. ICA analysis can be stopped by pressing the Abort

button in the dialog box.

In case EEG and MEG data are both available, ICA analysis will only run on the data type that
is selected by the EEG/MEG button. Running ICA on combined gradiometer/magnetometer

data is not possible as it can only run on one channel type at a time.

1. Please make sure to return to the first
screen of dataset . Press the
Rec pytton to return to the original
recording.
2. Please select ICA / Current Screen to ERP Artifact Searc
start ICA analysis. Current Screen
Whole File
Options...

3. The results of the ICA analysis are displayed like a montage. The units of the waveforms
are nAm since ICA waveforms can be described as source activity of a spatial component
localized at the center of gravity of the corresponding map. ICA waveforms have the labels
ICAL1 — ICAX. The menu item ICA / Current screen is ticked and the ICA button is pressed
down. ICA components are sorted in descending order of their explained variance. The
displayed ICA montage is automatically recomputed whenever ICA options change or the

data change, e.g. when filtering, changing the time-range to display, etc.

Here, ICA decomposition delivers 21 independent components. It appears that the second
ICA component represents an eyeblink and the fourth ICA component represents a cardiac

artifact.
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File Edit View Filters Montage Process ICA ERP Artifact Search Tags Goto Options Help
-F | F+| Wrs | SAW|[ 3D IMG | ERP | DSA [ ICA  Rec | Vir | Src | Usr | Opt |[EdM | LF | HF | NF | EdF | EEG
source 1 Add
TCAT vt st g™ ey o i O g oo AT o P o = Aot b N A Ve g s Pt
e e L R o
ICA3 ot A e e e A8t~ g A A
ICAL  wermdlriom ] ool st pae sl ol
ICA5 by el S e e T T
ICA6 s A A A It Nt U I 0o A AP IEE PN
ICAT AWM b W I o
ICAB A, e elpaei®™ oy il ol A
ICA9 Mt o A M g M s g Ao i, ST i
ICAT0 oot M Whpharyiite it o e i v WWE
ICATT Attty gl ottt P i - Ww?llfl
ICA12 | gt o R gt oyt 'WMMWWME
ICATT Aottt s i feh i focly V soplphoniony i Aty
ICA14 Mttt o
ICA15 htstphtlihrtden t A
ICA16 o oo
ICATT  Asasterpetmrrnmmwheionmer o
ICATB b A A s o et Ao o oo LT LRV o cmsatoofbr ot
ICA19 S, Al S b, A kit g b
ICA20 et el ooty
ICA21 Wi mrimar o
2 5 4
< Auto ’ | * | } . |HI\H\I‘I\IIIIHIHH\HI\IIH\HHIHIHI\H\IH\\I\\I\\IHH\HI\II\I\\IHI\IIII\HHHI\\I\II\IHH\I\II\IHI\\HIH\IIHIHI\IHIHI\\IHH\HIHI\II\IHIIIIII\I\\IHHHI\I\III\IH\HI\IHII\II\HHI\\I\IHII\IH
Time: 00:00:00 Total: 00:16:02 Offs: 00:00:00 Cur:5.933 s : ICA1 : 44.2 nAm Low Filter: 0.2 Hz Buffer: 1 View: Original
4. Right-click on the second ICA IcAf v
component and select Map Topography.  [@®w»-  MapTopography \/w
Define As Artifact Topography !
ICA3 Send Topography To Source Analysis Ba'a
Save Topography :
ICA4 W
Export ICA Reconstructed Data 3
ICAS i P G A g el W S s i g,
ICA6 wWWWMWWNWW«
ICAT AN i At 4ot T gl p o
ICAB Ay P dat e Pt St ot i) o
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5. The map indicates that the second ICA

component indeed reflects an eyeblink.

6. We can now use this topography for
artifact correction. Close the mapping
window, right-click on the second ICA
component label and choose Define As
Artifact Topography.

7. The Artifact Correction window opens.
Please check the box next to Blink.
Close the mapping window and press
OK.

BESA Research 6.1 Tutorial
Copyright © 2017
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ICA1

ica2™ Map Topography \\
Define As Artifact Topography

ICA3 Send Topography To Source Analysis ey
Save Topography

ICA4 o
Export ICA Reconstructed Data

ICAS s P W R I S g P W O S it

ICAG WW%MWMWWMWW

P Y 110 T R ¥ R : [ TR in/\MJ‘Mminhu...

MMMWW%

Select
category

[~ HEQG
[~ vEOG
= Bk
[ EKG
[~ Otherl

[~ Otherz

Load Save

Mo. of
topographies
(% wariance)

Artifact Correcti
l Select Topographies | Estimate S|gna||

Cancel Help
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8. Return to the original recording by ICA ERP |Artifact| Search Tags Goto Opi
pressing the Rec putton. Now press P [ DsA Automatic.. re | Usr
Artifact / Correct to switch on artifact sf»«wrww v View N

. : C ct
correction. Ve orre o i
W Seled A e
w OptiDnS... T T S
T ot A et

Load..
Save... e

9. Note that the eyeblink has now
disappeared. The topography of the
second ICA component is now subtracted
from the data.

We will learn more about the background
and other methods of artifact correction
throughout the tutorial.

10. Please switch off artifact correction again ERP | Artifact| Search Tags Goto Options He
by pressing Artifact / Correct. A | Automatic.. re | Usr | Opt |
v Correct :
i e WL
e SEIECt--- Wv‘“‘\a—m-«-ﬂ-vm'vw“\a\;\:.ﬂw
R Options... W"“‘“’“’“’”“"“‘”‘m
St W
Load... E
o] R e i P
Save... ;

wW»@MM
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D. FFT and DSA

1. BESA allows you to calculate an FFT on a
marked datablock? to get a quick idea of
the amplitude or power in different
frequency ranges. Start the FFT by left-
dragging a window in your raw data,
right-clicking into it and selecting FFT.
Please mark a block in the first data

window that covers the eyeblink.

2. In the FFT window the electrodes of the
current montage are listed along with their
amplitude spectrum from 1 to 30 Hz
(default). Beside every electrode the
frequency is displayed that carries the
peak amplitude in the specified time-
range. The current view shoes that the
frontal electrodes are characterised by
high-amplitude low frequencies. Click into
the low-frequent activity to open the 3-D
Mapping window.

Moriaze Bocrm £0 At ewth lagn o Otmms el
% w0 | S 00| Fw [ W o | Us | op B | L | | W |G | EE

o :

o - ) ‘ :
T R R R T M

Toxwei TeweE s = = e
|Fle view Mep Optons ]

M virtual Amp. Spectrum Peak
Fo_rfr — 0.95 3.0
A1_rfr 0.95 17
P9_rfr 0.95 17
Pt [ e 1.09 5.7
F7_rfr 0.95 2.7
T_rfr 0.95 1.6

I[P7_rfr 1.36 14 |

il o1_rer 122 1.7 |

[ F3_rfr 0.95 2.3

| ca_rir 0.95 0.7

|| P3_rfr 1.36 1.4

I 1.09 65 |

Nl Fz_rfr 0.95 1.9 |

i cz_rfr 2.7 1.1

\|Pz_rfr 0.95 1.8

l|oz_rir 1.22 1.8
Fa_rfr 1.76 1.7
C4_rir 0.95 15
P4_rfr 0.95 24

|| Fp2_rfr h. po 1.09 5.4 I
F8_rfr 0.95 17 |

|| T8_rfr 0.95 1.2 |

|| P8_rir 0.95 22

l|o2_rir 0.95 24

|| F1o_rfr 0.95 18 |

| A2_rfr . 217 1.7 |
P10_rir 0.95 2.2 |

10 20 Hz BV |

2 |n case you want to look at longer data periods or the whole dataset it is recommended you use the option

Process / Mean FFT-Spectrum
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Tl wet oaadel SoBeoTaNE

3. Scale up the the voltage map by using the

l‘ virtusl  Amp. Spectrum Peak.

upper arrow-key on your keyboard or

333323

+
using the button # |t pecomes clear that

the high low-frequent amplitudes are

33359598593 95%%%

e

caused by an eye-blink in the current

example. Note that you can change the

3E68458

3
{8 i ] R~ i R S

frequency-range you want to view or

R EEES ]

3
]

change from amplitude to power spectrum ==

Pro_rie

S

in the View menu. In the Map menu you 2%#= e

can choose the frequency band you want
see a voltage topography of in the 3D-
Mapping window. Close both the FFT and

Mapping window.

4. The DSA view is also based on an FFT Process (ERP--Arti-Fa-st Searct
G | ERR | DSA | Rec [ v
' T

and allows you to quickly get a feeling for
the whole dataset. To start it press the

DSA button in the main window.

5. The default DSA window is divided into left and right hemisphere. It shows a condensed
FFT view of the whole dataset subdivided into blocks of 2 seconds. If you click into an

event in the DSA window, BESA will jump to the according timepoint in the data in the main

window.

[0 @)= e T|rriso| [0 8] 8]F[x v nlal B e 00:00-00:16 B K|
e =S =t —— =
™ ‘

w oL
| 1 e et o R ot ok s AT . - ." L -
Mz !
| R G
| LU ke e M B I 1Ak LS AL LN A bt A0 ISR bk NG L AR AN Sk e AL L
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6. Change the view of the DSA window to e e e =
multiple brain regions by pressing the
button @ in the top left corner of the DSA | i
window. In this view it is possible to see ST
that the left and right temporal regions i |
show activity in the alpha / low beta band i |
that is not present in the other brain TL |
regions. : s
The DSA view is valuable to quickly | ..
identify time-windows in the dataset that il it ‘ ‘
are characterised by high signal power. e ‘
This can be very useful for e.g. epilepsy SM
research to identify seizure periods and | — S
get a rough idea of the origin of the ;m%_m: =

seizure. Close the DSA view.

E. Filtering
L ltis pOSSIbIe to SpeCIfy Low CUtOff’ ngh Filters | Montage Process ERP Artifact Search Tags Goto Of
Cutoff Notch and Bandpass filters in [ Edit Filter Settings.. | Usr
. ) ] ) i¢ Reset to Default Settings
BESA. This can be done via Filters / Edit Low Cutoff Eilter Pt
Filter Settings (also: EdF button) or the AT A1 i
Notch Filter LA SN
buttons LF’ HF and NF. Band Pass Filter Enabled
Polygraphic / Additional Chns... ﬁ
U LF | HF | NF | EdF |_E View Filter Response :
' ¥ Baseline Correction Over Whole Trace/Segment :
; ¥ T
Baseline for Segments... :

BESA Research 6.1 Tutorial Page 20 of 318
Copyright © 2017
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA® Research 6.1

Tutorial 1 — Preprocessing

2. For Low and High Cutoff filters the filter
type can be set to forward, zero-phase, or
backward. The slope of the filter can also
be edited.

properties of filters better we will now

In order to understand the

switch to the program “DipoleSimulator”.
Please close the filter menu without

setting any filters.

3. Open the program DipoleSimulator

%DipoleSimulator.exe located in your

BESA (C:\Program
Files (x86)\BESA\Research_6_1). On
the left of the window you see the BESA

installation folder

head schemes, on the right you see an

electrode layout.
4. Press File / Load Model File and select
the AC-2D-biphasic-
the

model
synchronous.mod  located in
Examples Folder Learn by Simulations
(C:\Users\Public\Documents\BESA\Re
search_6_1\Examples\Learn-by-
Simulations). You will see two dipoles
representing activity in the left and right
hemisphere along with their source
waveforms, i.e. their activity over time in
the middle panel. Press the button Fe to

the filter Ns | Fy Fe| %)

open dialog.

[+ Low Cutoff Filter

Cutoff Froquency ), | 01 Type: [forward | Siope: [6oBroct  ¥]

[~ High Cutoff Filter

Cutoff Frequency [Hz) | 40 Type |erophese v siope [24dBroct v ]

&0 width [H]: 2

[~ Band Pass Filter ‘

80 “Wicith [Hz]: 5
Cancel

[~ Notch Filter
Frequency [Hz] ‘

Frequency [Hz]

Sampling Rate: 250 Hz

6% CiProgram Fises BGBESA\Research 5 3\deautelp - DipoleSimubstor =
Hle Gt Vew Optons Helo
FOFEEE S TV VY monem e 3

S
@@ LH o

EEG (33 electrades
e

%? C\Program Files (xBE)\BESA\Research_5_T\defaultelp - DigoleSimulator =
Hle Edit Yew Gptions Help
FOFEE W S TR VY RIHd b ke D

e
Sl

rion 1a this location

Double cick to switch on curser, or mave cu

Filter Settings

Low Cutaff / High Pass

Frequency [5 M Slope [6dB/Ocave v |

High Cutoff { Low Pass

Freguency [10 M Slope [6dB/Ocave v |

Status [ Enabled

Type Ifnrward LI

Status [ Enabled

Twpe [forvard ~]|

Cancel | oK |

Specify a Low Cutoff filter of 5 Hz, 6
dB/Octave, forward and make sure that
the box Enabled is only ticked for the Low
Cutoff filter.
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Leave the filter settings dialog open and move it next to the DipoleSimulator main window

in order to view both the filter settings and the data. The grey waveforms show the effect

of the filter. In the bottom left corner the filter response is displayed. You can see that the

Low Cutoff filter as specified in step D4 has an effect on both the amplitude and the shape

of the waveforms. Amplitudes become smaller and the peaks get shifted forward.

ESA\Research_5_3\default.elp - DipoleSimulator

File Edit View Options Help

FhpaREES 7K &2

% Y | Rf Hd|Ms | Fv Fe

EE=X)

|+ ]s]

y

Source 1 node 2: -19 nAm

5.00 v/

F}

FC5

e ww
o
w%;p—v"—_\f"_—\f"—m i

e g,

‘\i’&;

01_&]}_ OZ_,(\j_

Reference-free=blue

Spherical model EEG

response changed as well as the filtered waveforms.
While the amplitude of the filtered waveform is still

diminished, the peaks of the filtered waveforms are

Change the filter type to zero-phase. Note that the filter

Filter Settings
Lawe Curott / High P

Erncuency [ [He] Sk |

e [12aB/0cmve

High Cutoff | Low Pass

Feouency 10 (v Siope [12dB/oceve v

Type [zero)

closer to the ones in the unfiltered data. However, a small

new “component” was caused by the filter at waveform

onset and another one at the waveform offset.
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Low: 5.0 Hz, order=2

%% C\Program Files (x86)\BESA\Research 5_3\default.elp - DipoleSimulator ] . C=niE X
At IS - a e il
File Edit View Options Help
S 0DFE&ER H|E|? N ¥V R Hd Ns|[Fv Fe |32
]
| =l
@ @ Sl
s Fp2
| | W o
F10
| 2 F8
I Fz F4 v
i
FCSAE‘[\* FC1 . l". FC2 N FCG‘W
Cz c4 T8 T10

Reference-free=blue

Ref. |

Spherical model EEG 33 electrodes

7. Increase the amplitude of the red source waveform by dragging up the second node with

the mouse. Note how the “component” at waveform onset also increases.

%% CA\Program Files (x86)\BESA\Research 5 _3\default.elp - DipoleSimulator ] E=RIE X
PR— — —— - D S—— Py .
File Edit View Options Help
FDFEEH S| 28 ¥ Y R Hd Ns|[FvFe |3
=] (=]

5.00 pv
v <
[
I o ol
[
[
I
I @ @
|
l @/J\@
I
—
[
ala
Low: 5.0 Hz, order=2
Source 1 node 2: -53 nAm Reference-free=blue
] 10 20 30 40 50 |- Ref. |
Double click to switch on cursor, or move cursor to this location Spherical model EEG 33 electrodes
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8. Change the filter slope to 48 dB/Octave. Note that the
filter response suggests better filtering properties, i.e. it
filters out frequencies below 5 Hz more effectively. The
downside is that this creates greater artifacts, distorting

the waveform even further.

ESA\Research_5_3\default.elp - ﬂ'polesimulator

Eile Edit View Options Help

Filter Settings.
Law Curoft / High Pass Stos [+ Ensbled
Eraquency [5 Mz Stope [FEEECTIN ~ Type  |zerophase -
High Culoff / Low Pass Stews [ Enablad
Freausncy [0 ) Siape [capiomae w]  Twe [iomes =l
Cancal ok
F=E

B 0FSEE & 2[5 Y RiH s [ Fe |3

(D
(6

L

Low: 5.0 Hz, order=3

/' Source 1 node 2: -54 nAm, 97 ms
] 10 20 30 40 50 hd | hd

Reference-free=blue Ref. |

|Spherica| model |EEG |33 electrodes /|

9. Disable the Low Cutoff filter and enable a High Cutoff
filter of 30 Hz, 12 dB/Octave, zero phase. Note that the
original waveform was not changed by the filter. This is
the case because evoked potentials are generally lower

in frequency.

BESA Research 6.1 Tutorial
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Low Cutatf{ High Pass Staws [~ Ensbled

Erequency [5 [He) Slope [120B/0cave Toee [wrophase  v)

Il
High Cutoft { Low Pass Stets [¢ Enabled
Frequency [30 [He) Slope [FEEIRECTEEN ~ Tupe  [rerophase -
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s EE gral ESA\Research_5_3\default.elp - DipoleSimulator g\i

File Edit View Options Help
B D@&EE H|S? WY YR Hd b |[Fv Fe| 2|

G e

an

0 10 20 = = = Source 1 node 2: -55 nAm -l Reference-free=blue Ref. |

|Spherica| model \EEG \33 electrodes /|

10. Change the High Cutoff filter to 10 Hz, 12 dB/Octave, o

Low Cu { High Poss Stams [ Ensbled
Frequeney [F Mg Siope [1zdBocme =]  Tpe [smophese  v]

zero phase. The amplitude of the waveforms get

. . Froquency 10 [Hz] Slose [12dB/0cave v Tupe [rophaze  w
decreased, while the shape of the waveform is not as Lo e
e | =]

distorted as in the example of the Low Cutoff filter.

ESA\Research_5_3\default.elp - DipoleSimulator

File Edit View Options Help
S D@&EEEH S8 Y YR Hd|Ns|[Fe Fe |32
5.00 iV
50 nAm Fpt Fp2
9, . F1o_fy
VB _ A R fi F fi
FC5 uﬁ sz FC6_ p,
T fr L= 2 cz c4 T8 fi T10
s Pt CP2 cPs
hl P3 Pz a
4 v i P8
P9 10
o 0z
g = = = = = Source 1 node 2: -55 nAm .| Reference-free=blue Ref. I
|Spherical model |EEG |33 electrodes 4
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11. Increase the slope to 48 dB/Octave. Note that the filter ™=

Low Cutoft/ High Pass 5
Evequency [5 [He] Sope [1268/0ckove =]  Tvpe [wmmophose

High Cutaf  Low Pass
Fiequency [10 [He) Sioee [TECIEETUMN ~| Twee [cerophose

response again suggests better filtering properties

suppressing activity > 10 Hz more effectively. The

conseqguence is a slightly distorted waveform. Still, the =

effect is not as extreme as in the Low Cutoff examples.

BESA\Research_5_3\default.elp - DipoleSimulator ‘ e e

File Edit View Options Help
FD@&E S W Y Y R Hd|Ns|Fv Fe |30

@ @ LY
2 g
Ay P ) |
{ I
1Nl
1Nl
i
I
@ 6% I
o | q i
1 |
-l
=[] I
_High: 10.0 Hz, order=8 i
o = = = = = Source 1 node 2: -55 nAm -l Referencefree=blue Ref. |:
For Help, press F1 Spherical model EEG 33 electrodes 2 |

Things to keep in mind when filtering

e The closer the frequency of the filters to your signal of interest, the greater the effect of
the filter on your signal of interest

o Filters affect both amplitude and shape of your waveforms

o Low Cutoff filters usually have a greater impact on evoked potentials than High Cutoff
filters as evoked potentials are relatively low in frequency

e The application of a filter can lead to the introduction of false “components”, the effect
being the greater, the greater the signal amplitude of your waveforms

e If you are interested in early components (< 100 ms) you should not use Low Cutoff
filters that are zero-phase, as the signal of later components will be projected onto the

earlier components
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Tutorial 2 - Artifact Correction, Triggers, Averaging

What does BESA Research provide?

Automatic and user-defined artifact correction
Definition of conditions based on trigger values, names and attributes
Artifact rejection based on amplitude, gradient and low-signal criteria

Averaging

AN N N NN

Classic ERP analysis
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A. Artifact Correction

1. In case you have closed the data file as
used in Tutorial 1, reopen file Sl.cnt
located in the Examples folder ERP-
Auditory-intensity and switch on the
virtual Reference-Free view (Vir button

- Reference Free).

2. Onthe first screen an eye-blink dominates
the data. Double click on it to open the
3D Mapping window and view the
associated typical strong frontal positivity.

e
3. Close the mapping window and select Automatic Artect Corection I |
Artifact / Automatic. In the dialog box [Ges
make sure that only the option EOG is :ES;?T:T:MW IE E: [t |
ticked and leave the settings at default. foe
After pressing OK, BESA will now |LL|— |LL[
automatically scan the data for eye ; i
movements using an internal model of ;;WM'EE;R
artifact topographies.
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4. No horizontal eye movements were found so only a virtual VEOG channel was created by

BESA. The eyeblink that
in the virtual VEOG chan

was clearly visible in the data before correction is prepresented

nel. Note that “corrected” is displayed in the top left corner of the

main window when artifact correction is switched on. You may switch artifact correction on

and off by pressing ctrl+E or by pressing Artifact / Correct.

[ BESA 53 - C\-esearch s e
File Edit View Filters Montage Process ERP Artifact Search Tags Goto

Options_ Help

-F|F+| Wrs [ SAW|[ 3D IMG | ERP | DSA | Rec | wir Src | Usr | Ope |EdM | LF | HF | NF | EdF | EEG |

virtual corrected Reference Free
FOLIE Aty oo i i e Ao

BAIIT o e e S =]

I R M S T O owon

I VIS BN R S
Lt et

TTHE o et bt ottt A et et

B e e S U SO NS U S P s U VPR ARISUE S S SR

o ot o e it At o 0 f NS\ e B ot AP e bt i o,

ettt e o A et B R A i

e UV USSP N SRV ANIVDSNEIP SRSV S S SRR SRS,

Scp
————l ]

i e e I el
e e ot e e e e e A~ e et e i e et e T

e e e et P, s A e et oA Ao P o o A ot

RICEIL M

#Ls 4 ] 5 2
T I T 100

Time: 00:00:00 Total: 00:16 02 Mark: 2809 s Cur: 0921 5 1 FA_rfr - -3.54 g/ Filters off Buffer: 1 View: Original Conect: PCA Bad: 0

5. Next we will do the eyeblink correction by hand. For this purpose, switch off the automatic

artifact correction and hide the virtual VEOG channel by pressing Artifact / View. Switch

back to the original data
You can see that an EOG

by pressing the Rec button and selecting Original Recording.
electrode was used in this experiment. Scale it up to 20 pV using

the according amplitude scaling button.
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6. Use the button Add in the top right corner of the main window and select EOG-HB. This
will add virtual electrodes for picking up horizontal eye movements (H_EOG) and eyeblinks
(B_EOG). Scale up the B_EOG channel to 200 nAM by using the according amplitude
scaling button. Note that the eyeblink is reflected in the EOG electrode as well as the virtual
B_EOG electrode. Thus, virtual electrodes can be very useful for the identification of

eyeblinks if an EOG was not specifically recorded.
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7. Now we will apply filter settings that are [veaererseungs T e

[ Low Cutoff Filter
CutoftFrequency Hz) | 05 Type: [forward ~| Siope: [BeBioct  ~]

optimal for the identification of blinks.

Press the EdF button to open the filtering || # nacusrrie:

Cutofi Frequeney [Hzl: | 8 Type: |zeraphase v | siope: [24dB/0ct | | |l
dialog. Choose a Low Cutoff filter of 0.5 S I
Hz, forward, 6 dB and a High Cutoff filter 4 ‘ :
of 8 Hz, zero-phase, 12 dB. e —— :

Sampling Rate: 250 Hz

8. Before marking an eyeblink, we need to rDefaull Block Epoch ﬁ1
define a default block epoch that will later
Fre cursor: R ms
be used for the pattern search. To do so
press Edit / Default Block Epoch and Fosicuson | s
choose the settings Pre cursor: -100 ms ok_| Cancel |

and Post Cursor: 400 ms. This time -
window is usually sufficient to cover the

whole extension of the blink signal.

|

9. Right-click on the onset of the blink (you . — -~ ~———— "~ """

A Fz ] [‘)efault Block I
may use the virtual B_EOG channelasa = ——— — 7" "7 — 7 w —
Image
EOG M\/\/vw st
reference) and select Default Block. PO ] s [
FC2 S S Marker I
FC5 e Comment .
FC6 —_———— ] Pattern 1 —
T — e~ L Pattem?2 1
T2 ———— T T Pattern 3 L—
CP5 —_—— Pattern 4 -
cP6 - Pattern 5 I

NN

2 5
‘HIHi\HIHH\HHHIHHHHIHHIHHHH\H\HHHHIHHHIHHHIHHHHIHHIHHHIHHH\HHHIH\\\\I\IHHIHHIHHHIHHH\HHH\HHHHIHHHIHHHIH
‘

[Time: 00:00:00 [Total: 00:16:02 Offs: 00:00:00 Cur:2719 s :B_EOG :9.10 nAm
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10. You may select the channels that pick up
the eyeblink most clearly by holding down
the ctrl-key and left-clicking on the

according electrode labels. Select Fp1,

Fp2 and the virtual B_EOG channel.

BESA will only use the selected channels

for the pattern search. However, when

data are filtered it is often not necessary
to specify channels, the search algorithm

may be run using all channels.

11. Before we start the pattern search, we will

tell BESA to stop everytime a pattern is
classified as a blink. To do so press
Search / Query. Next press the button
SAW (Search — Average — Write) to start

the pattern search.

12. Whenever BESA finds a pattern that
correlates high with the blink we have just
defined it will ask you if you want to accept
it to average. Click Yes to move on to the
next pattern. If you are confident that the
pattern search works well you may select
Stop BESA  will

Asking. now

BESA Research 6.1 Tutorial
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: Triggers ™
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automatically scan through the rest of the
data.®
13. When prompted whether to save the

average buffer, choose cancel.

14. On the left of the main window an average
segment consisting of all blink events that
were accepted during the pattern search
is displayed with a baseline of -100 ms
and a window length of 400 ms as
specified by the default block epoch. Left-
drag awindow in it, right-click and select
Whole Segment. Right click again and
specify Define Artifact Topography. (If
you click next to the buffer window, it
disapears. It can be displayed again by

pressing View / Average Buffers.)

File Edit View Filters Montage Process ERP Artifact Search Tags Goto Options Help

Write Average Buffer - Original Cmannel_u
iy
Savein' | | ERP-Auditory-fntensity -] cBrEr
. Name - Date modified -
a “r: | test 17.022011 1421
ecem meces All_Subjects_cc.fsg 09.12.2009 14:35
- Grand_Average_av_cc-test.fsg 03032011 11:25
Deskiop S1_artfsg 25022011 13:32 =
S1_avfsg 13.05.2005 14:53 il
k,]‘ S1_av_FILTER_EXAMPLE fsg 02032011 10:52
fibiakes S1_av_FILTER_EXAMPLE_AFTER fsg 02.03.2011 10:51
’ k S1_av_testfsg 24022011 14:37
N S1_av-testfsg 04.03.2011 14:51
Computer ’
S1-blink+ERP.fsg 18.05.2005 17:19
@ $2_avfsg 13052005 14:55
Network S3 avfsg 03.12.2009 12:58 |
CA i A2 199000 12.00 =2
<] I v
|
File name. Sifg ~| r t [ j
Save as type: [Binary High Resolution (* fsq) ~]| 1 Cancel ;
BESA 5.3 - CA\eseard

-F|F+|Wrs | SAW|[ 30 MG | ERP | DSA |[Rec Vir | Src | Usr | Opt [EdM | LF | HF | NF |

Fo S
-

JF3
F4
c3
c4
P3
P4

D I

I

[T T T T T T TT

I O Y

I

I

_ S TATAS
————— T T N e
- M N

Top View of Data —_— e
EFT — S .
Linear Comelation -_—
Source Analysis —_—
Whole Segment e
Default Black e
Map e
Image o —————
Write Segment Y A
" |~ R
Copy to Buffer ’ o~ —

—_—
Define Artifact Topography

—

-t (—_——

H_EOG

T

/

‘ﬂ“‘"““ |3 A

oo

Averages: 150 Paoints: 125 Mark: 0082 s Cur:0129 s . C4; -0.89 pv

3 If your data are contaminated by many other artifacts, it is recommended to only accept blinks that do not
coincide with another artifact event in order to receive a clean eyeblink topography.
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15. Note that VEOG is already ticked in the
artifact correction window. The reason is

that BESA still remembered the automatic

artifact correction from before. Select

BLINK and VEOG are too similar (correlation = 100%). ‘ B
VEOG will be deleted!

Blink. An error message will appear . —
notifying you that the blink and VEOG 4 el e =
topographies are too similar and that ?

VEOG will be deleted. Confirm with OK.

16. A 2D-mapping window opens that
displays the topography of the first PCA
component (principal component
analysis) that was computed on the
average blink signal. The PCA

decomposes the blink signal into

independent topographies. Generally the

first component explains > 99% of the

variance, so it is sufficient to only subtract — i B

g a1 90290 E

the first component from the data*. Open
the drop-down menu to view the other
PCA components. Make sure that only the

first component is selected and press OK.

41t is recommended to only select the first PCA component for artifact correction in order to prevent distortion of
the data.
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17. Note that another virtual blink channel was

created. If you scale it up to 100 pV using

the its amplitude scaling button you will

see that it is almost identical to the virtual

=

blink channel that was created

rzx

automatically using the Add button. -
Switch off H EOG and B_EOG by i oo
pressing Add and selecting Switch off.

E Pt

Also make sure to swich off artifact

correction for now by pressing ctrl+E.

B. Definition of conditions based on trigger values, names and attributes

1. We will now use the trigger information in o ———
the file to specify conditions that will later LER Open paradigm.. | L
Edit Paradigm...
be used for averaging. Press ERP / Edit T SaveParadigm As. I
. ] Average...
Par ad I g m. I Combine Conditions, Channels, Find Peaks...
— Coherence
_ Top View of Data... S

Edit Triggers...
— Insert Triggers... —
— Create Triggers From EMG/EEG... ——-

Open Event File...
Save Events As... ——

— Delete Imported Events ——
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2. Switch to the Trigger tab. 5 triggers are ™R s

detected in the dataset. They correspond

to stimuli that were presented at 60dB,
70dB, 80dB, 90dB and 100dB. Enter

60dB in the field under name and press | g = B
Add to List. Do the same with the rest of l
the labels. | =

3. We will add further attributes as they will make the definition of conditions easier later
on. Change the name Attributel to modality and press Define. In the field below write
auditory and Add to List. Change the name Attribute2 to side and press Define. In the
field below write bilateral and Add to List. Change the nhame Attribute3 to frequency and
press Define. In the field below write 1000 _Hz and Add to List. Change the name
Attribute4 to intensity and press Define. In the field below again add 60dB, 70dB, 80dB,
90dB and 100dB to the list. Finally, select Attribute Values/l, name/60dB,
modality/auditory, side/bilateral, frequency/1000 Hz, intensity/60dB ad press Set.
Proceed with Attribute value/2, name/70dB, modality/auditory, ...
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-

Paradigm

Trigger | Condition | Epoch | Filter | Artifact | Average | Coherence |

—Aftributes

Icode Imodality Iside Ifrequency Iintenswty Define |

—Attribute Values

Iauditory Ibilateral |1DDD_H2 IBDdEI Add o List |
2
5

— Current Assignment

| narne | modality | side | frequency | intensity
BOCB auditory hilateral 1000_Hz B0dB
70dB auditany bilateral 1000_Hz 70dB
a0dB auditony hilateral 1000_Hz a0dB
490dB auditony hilateral 1000_Hz 490dB
100de auditany hilateral 1000_Hz 100dB

QK | Cancel

4. Switch to the Condition tab. First we want to specify our individual conditions. Enter the
Name 60dB. Then select Qualifier Current, Attribute intensity, Operator Is, Value 60dB
and press Insert. Do the same for Names 60dB to 100dB.

Next we want to specify the condition Low. Enter the name Low and again select
Current intensity Is 60dB and press Insert. We want the Low condition to also contain
70dB stimuli. Thus, additionally specify the condition Low to be Current intensity Is
70dB and press OR instead of Insert. Now, the Low condition contains 60dB and 70dB
stimuli. Specify condition High to contain 90dB and 100dB stimuli.

Finally we will specify the condition All by specifying Current modality Is auditory.
(Make sure your condition definition looks like in the screenshot below.)
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Paradigm
Trigger Condition | Epoch | Filter | Artifact | Average | Coherence |
MName Qualifier Attribute Qperator Yalue
Al |F’revi0us Insert |
MNext Eeplace |
Delete |
Condition Count
E0dB 96 G0dB Current intensity Is "80dE" -
70dB 93
8048 104 3048 Currentintensity s "90dB" AN
90dB 85
100dE 84 100dE Current intensity |s "1 00dE" W QR |
Lo 189
High 174 Laowe Current intensity |s "60dB" 1F |
u ar
Currentintensity ls "70dB"
High Currentintensity s "30dB" [
ar File

Current intensity Is "100dB"

Load

I

Current modali auditon L Save As
i S

oK I Cancel | Help |

Note that it is also possible to specify other logic combinations using the Qualifier
Previous and Next as well as the Operator Is Not. It is also possible to define an interval

during which a previous or next event can occur under Attribute.
5. Move to the Epoch tab. Set Averaging [ .

Trigger | Condion  Epoch | Fiter | Anfact | Aversge | Conerence |

Epoch to-300 : 1000, Baseline Definition Aok e oo ek ckr— St s e
Stert Posiion S T = T T | T

to =100 : O, Artifact Rejection to =300 : | == ™ = o o

1000 and choose Assign to All. A | e by |

Cusrn Assignments
Candition AveregingEpoch  Baseling Defniion  Arsfact Rejection

Important note: We recommend using

300 1000 ms 500, 1000 ms.

long pre- and post-stimulus times to allow

-300_1000 ms

t?
-4

for optimum Low Cutoff filtering.

oK Cancsl | v |
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6. Move to the Filter tab. Specify a Low
Cutoff filter of 0.2 Hz, 6 dB/Octave,
forward. Enable it for Scan and

Averaging. l.e. the Low Cutoff filter will be

switched on for the artifact scan and

averaging. This prevents us from having
to filter the averaged data later on and we
can avoid the negative effect Low Cutoff
filters can have on relatively short data
epochs. We will not use a High Cutoff
filter here as we can apply it later without
distorting the data. You can now save the
paradigm definition by pressing Save As.

Choose any name and add -test to it in

order to not over-write any predefined

files.

Paradigm . : p R
Trgger | G | Epo Fiter | amfact | Average | Coherence
Low Cutoll
= I3
Erequency [l [Ha) Slope [Gdbroc -] Type [forward =
High Cutof
[~ Enablegfor Scan [~ Ensblec for Avarsging )
|
Frequency [500 [Hr) Sloge [24cbro =] Twwe [smropha ~] i
Bend Pass Fila
Ensblec for Averaging
- wereang Load
Frequency [500  [Hz] (] e |
b
|
oK Cancel Help

C. Artifact rejection based on amplitude, gradient and low-signal criteria.

1. To make sure you have the identical paradigm settings as described here, please load

the pre-defined Paradigm-file

under

located in the

. Move to the Artifact tab and press Start Scan. You will see a 2-

dimensional diagram showing the channels (rows) and trials (columns) having the most

noise. By default, values based on maximum amplitudes within the predefined artifact

epochs are shown. Epochs that exceed the amplitude threshold (default: 120 pV) will be

excluded from further processing. You can view the number of accepted trials per

condition in the Count box. As artifact correction is switched off at the moment, a

substantial number of trials will be rejected.
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Paradigm

Trigger | Condition | Epoch | Filter Artifact Average Coherence |

—Rejection Method

[~ Fixed Threshalds [+ Arifact Scan Toal Start Scan

Usefordw, (@ EEG ( MAG (C GRA

v Ampl |120 I_D |120 LI

[ Gradient [75.0 I_n|?5.n -]
B .'|||| |

[} | )
II‘ I 1| III| L IIII | 11 [v Low Sig ID.D1 |D_D1 LI

1
color

L ! “I Bad Channels I 0

—Count  Accepted  Condition
|||'| ki L P
96 77 (80%) BOdB
(RPREL ||| 137 7008

103 81 30dB
72 30dB
76 100dB
147 Lo
Hirth

File

U_l Load |
4 " Gradient
1995 = I%n Save As |

791 Trials .
v Sort Channels by hMean [~ Log. Display " Low Signal

| —Thresholds and Bad Channels

2. Right-click on the red channels to see ™ "m S

mmm-maadcmnm
UseforAv. @ EEG (L c

B [‘Trm

Rejection Method

their labels. The two channels that | rememe oo

Stort Sean

contain most bad epochs are FP1 and

Change Channel Status (good/bad/interpolated)...

Status:
nnel: FP1
an of Amplitude Range in Channel:42.93

FP2, two frontal electrodes that pick up

eyeblinks most strongly. Note that it is bl A ,
also possible at this stage to change a T -
channel status to good, bad or B e I tos iy 125 | )
interpolated by choosing the according
option in the dialog box or by dragging
the horizontal bar up or down. We will

oK concel | Hep |

not do this at the moment, however.

BESA Research 6.1 Tutorial Page 40 of 318
Copyright © 2017

BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA®

Tutorial 2 - Artifact Correction, Triggers, Averaging

3. It is also possible to view the result of
sorting the data after a Gradient criterion
(default: 75 uVv), i.e. epochs will be
marked as bad that contain amplitude
jumps of > 75 yV between two sampling
points. Choose Sort by Gradient to

view this.

4. The Low Signal criterion can be useful
to identify data periods where an
electrode drops off during recording.
Epochs will be marked as bad during
which the signal is smaller than the
threshold criterion (default: 0.01 pV).
Choose Sort by Low Signal to view
this. In the present case, no epochs fall
under this criterion. Change back to the
Amplitude sorting criterion and press

OK to close the Paradigm window.

5. Switch on Artifact correction by pressing
ctrl+E. Open the paradigm window
again by pressing ERP / Edit Paradigm
and move to the Artifact tab. Start the
artifact scan again (now with switched
on artifact correction) by pressing Start
Scan. A warning message will appear
that a scan has already been performed.
Confirm with Yes that you want to scan

anyway.
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Bad Channels [ e

Count_AcceptedCondiion
96 7 (B0%)

StantSean

[ Antact Scan Tool

o]
[ Sort Channels by Meen [ Log Displey

€ LowSignal

I [ ok ] camel roip |
Paradigm — .y o) ]
Trigger | Condibon | Epoch | Fiter  Affact | Average | Coherence
Reyecion Method Thresholds and Bad Channels
[~ Figed Thrasholds [+ Aaitact Scan Toot Stert Seon Usefordw. & EEG

B G
[+ Gradien [750 |—u e
[ LowSig [0m F oo -

color

Biad Channels 0

Courd_Accepted _Condition
5

Cho

%
147 (79%) Low
174 4R TR Hich
Sart Eio
€ Amplitode

04 » € Gradient

. R Soveds
AT Traa ] et Chenneia by nen [ Log Displey 2% | @ LowSignal !

oK Cancal veo ||l

A scan has already been performed.

Assignments of bad channels which were done in this editing
session will be lostif vou scan again.

Do youwant to scan again?
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6. Note that a greater number of epochs e

Repection Mathod

got accepted and that the two bad e

El

electrodes (FP1 and FP2) that were o

Thiesholds end Bad Channels
Usefordv. @ EEG c

[ Amgl ‘wu [z =]
 Gisdient [750 [ 0[50~
1 {jm L :
1w SR L F LowsSig [0 0o~

— color

Bad Channsls ]

contaminated with eyeblinks are not

conspicuous any longer. Some epochs
still will be rejected as they exceed the L g ﬁ
threshold criteria. These epochs are B e in | i
contaminated by other, non-eyeblink — ]
related artifacts. It is possible to view the
corresponding epoch in the main
window by right-clicking into a red pixel
and selecting Show Trial.

D. Averaging and Classic ERP Analysis

1. Move to the Average tab. It is possible [ s
to restrict the number of conditions for e [
averaging by removing unwanted f» W s e ]
conditions from the condition list. Seanl — Fomr ]
Additionally, it is possible to use o St e P e |

B fm A ]

constraints, e.g. to only average epochs w ~—
of the first or second half of the - =
experiment. This can be useful to make | == ]

a split-half comparison. We will now
average all conditions by not changing

any settings and pressing Average.
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2. A warning message will appear that
artifact correction is switched on, which
can be problematic for later source
analysis®. We recommend to switch off
artifact correction for averaging and to
load the artifact topographies again at
later stages. Press Yes to confirm
artifact correction to be turned off. Note
that all epochs will still be averaged that
were selected with artifact correction

being switched on!

3. When prompted to save the *.fsg file
containing averaged epochs of the
conditions defined in the paradigm, add
a -test to the suggested filename in
order to not over-write any predefined

files (i.e. choose the name

).

4. You will be prompted to specify names
for the averaged epochs. By default,
BESA will suggest the names as defined
in the paradigm. Unless you want to
alter them, choose Stop Asking and the

original names will be maintained.

I|  Cancelta quit averaging |

Artifact Correction Switched On for Averm &J

Artifact Correction meay distort brain topographies. For discrete source analysis itis
preferable to use uncaorrected data and include arifact topographies in the source model

Press:
“ves to tum off artifact correction
Mo to use itnevertheless

No Cancel
I
= = =— — = —
Write Average Buffer - Original Cnannelm _ﬂ
Savein | | ERP-Auditory-Intensity j ck BEv
P Name - Date modified -
a "t; | test 17022011 1431
ecentriaces All_Subjects_ccfsg 09.12.2009 1435
- Grand_Average_av_cc-testfsg 03032011 1125 i
Deskiop Sl artfsg 25022011 13:32 =1
= S1avfsg 13.05.2005 1453 I
= S1_av_FILTER_EXAMPLE fsg 0203.2011 1052 il
Libraries S1_av_FILTER_EXAMPLE_AFTERfsg 0203.2011 10:51
A S1-blink+ERP.fsg 1805200517:19 L
- S2_avfsg 13.05.2005 14:55
Computer
g s3_avfsg 03.12.2009 12:58 i
& S4_avfsg 03.12.2009 13:09
Network S5_avfsg 03.12.2009 13:08 I
CE ~ifrn N2 17273000 12.07 Al |
<| I >
il
File name: -l Save il
Save as type: [Binary High Resolution " fsg) =1 Cancel I

-

Please Enter a Segment Comment ﬁj
60dB
GOdB
Ok | Stop Asking Cancel | :
L = =

5 See the effect of switched on artifact correction during averaging in Tutorial 8: Source Montages.
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5. The Top Data Viewer will automatically
open displaying the averaging results.
You may choose two conditions at once
to be overlayed by holding down the ctrl-
key and left-clicking on the conditions of
interest. It is possible to change the
viewing properties (color of waveforms,
labels, etc.) by selecting Options /
Preferences or right-clicking in the

background and pressing Viewing

Preferences. The viewing epoch may

be changed by selecting View / Epoch

or right-clicking in the background and

selecting Viewing Epoch.

6. Select condition 60 dB and double click
in the waveforms at 636 ms. At this time,
strong activity in electrodes Fpl and
Fp2 can be seen. The 3-D mapping
window will open. Again, we clearly see
the frontal positivity that is typical for
eyeblinks.

7. Close the TopViewer to return to the
main window. After averaging, BESA
automatically opens the newly created
average file. Therefore, we see a
segmented file containing segments of

the

paradigm. We are now going to load the

the conditions as defined in

artifact topographies we defined earlier.

%y EEG - Voltage
B36ms

[Se=]

783

I Desktop
J Libraries
R isa
& Computer
& SYSTEM (©)
& DATA (D)

Organize > New

folder

= statf

[ Qpen |v] | Cancel

To do so press Artifact / Load and select file

by BESA when we defined the blink topography. Press Open.

BESA Research 6.1 Tutorial
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8. Loading the *.atf file will lead to BESA —
. . " -F|[F+| wrs [SAW [[ 3D IMG | ERP | DSA |[[ Rec Vir | Src | Usr | Opt | EdM | LF | HF
subtracting the eyeblink topography. ot N S R N NN
Fp2 e
Note that corrected appears in the top- = [ —/—————/—————
. . c3 [ A o o NI SRS
left corner and a virtual EOG channel is o ) e
displayed at the bottom. Switch off the o [ | we [~
02 L Image [SURUSSS WS PN R
filters by pressing the EdF button and 5, [T e, Y RS R
. . F7 [ Marker R I A
deselecting all filters. Open the = [——— cme e BRS
"7 VT pattern 1 AR B S e
TopViewer again by right-clicking in = | & AU B PR
P8 e Pattern 4 e AT i e
the data and choosing Top View of © [T 7= S
Data.
9. Return to the 60 dB condition and note ~————— | " (= l2 2]
that the large activity around 636 ms has
disappeared. If you now double-click to
bring up the 3D-mapping window you
will see that the blink topography is M
one. -
g | L{\ R | 78IV
I v g T
10. Zoom electrode Fz by right-clicking on .
it and selecting Zoom Waveform. Left- |
drag a window over the most prominent N h\f/\ e
peak. Right-click again and select Find oo e | N
and Mark Peak. 5 Show Overplot Window
v = Zoomlo Mated oodt BSOS [ Nt
p— o -

e Pz Pt

11. The Find Peaks window will open and | feresrr e SR ==
automatically display the search results | = =l fe ™ B " T
for the marked data-block in the |° = fera ] [ e |
. Channel |5mpla«puspeak |Amp|ﬂtnEgPEak | Wean Amgl |A1&ﬂ[s\gna\umls‘“m5]
specified electrode as well as all other | = = g B e
) ) |
electrodes. A time of the large negative i 5 th
. FCE 120 262 -0.81 152.88
peak is 88 ms. BESA also outputs the 2 % i 1
mean amplitude in the specified time- | 27" . R e
range as well as the Area under the | w — ~™% Vé‘!ﬁ?‘il;“.li?ia‘ Do
signal. These results can be saved
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using the ASCII Export option. Press
OK.

12. Back in the TopViewer an arrow will now

‘NEE

mark the peak position.
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Tutorial 3 — Batch Processing, Combine Conditions

What does BESA Research provide?

v Batch processing
v Creating grand averages
v" Creating new conditions from combinations of existing conditions

v' Averaging of channels

BESA Research 6.1 Tutorial
Copyright © 2017
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A. Batch Processing

In the following we will create a batch script that performs the same preprocessing, artifact

treatment and averaging in all individual datasets.

1.

In BESA Research select File / Close All.
Now select Process / Batch Scripts.

This will bring up the Batch Processing

dialog.

2. Press Add File and select both available
(Sl.cnt and S2.cnt). Press

Open.

The file-list now contains the raw data of
subjects S1 and S2. For display purposes

only two datasets were selected,

in

principle, an arbitrary number of files can

be selected. We can see that both files
contain data of 32 electrodes sampled at
250 Hz. It is possible to save or reload a
file list at this stage by pressing the

according buttons.

BESA Research 6.1 Tutorial
Copyright © 2017
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File Edit View Filters Montage |Process| ERP Artifact Search Tags Goto Op

_F _IF" _IWrS _ISAW | 3D I Source Analysis il_
Source Image
Voltage Maps
CSD-Laplacian Maps
MEG Maps
Density Spectral Array
FFT-Spectrum
Mean FFT-Spectrum...
Previous FFT-Spectrum
Load FFT 4
Linear Correlation
Nonlinear Regress.
Movie
Batch Scripts... Shift+R
Run Batch... R
Batch Processing =3
Fiaist | Batch |
osdFietat | LoadPrvious | | Pross A il or kg s o Windows Explcar it b appanc o e it
Right check on fle names for further apbons. <Dek> deletes marked gam. CirleCiars or upydawn moves.
=~ TR e | Lo
Laokin [ ). ERP-Auditory ntensey v ~@mormE
Name Date modities
-~ | test 17022011 1431
fecentPlaces Sten 20091098 1328
. S2cnt 10071088 1922
Daskiop.
Libranes
Companar
Netwark
Fienams:
Fios ofypo
[ Doty to apen ik hers (check ) i
CIPSTE—— W W -
FiaList|Barch
Load Fils ist Load Pravious Press Add File” o g fles fom Windows Explores oo e box ta sppend o the st
,,,,,,,,,,, opl D
saveFisln | AdaFie marked pems
Fia Chameis | Samgft. |
i 531
ciL 5 =m0
[~ Dan'tiy to open fle here {check i you want fo wse ImpodASCIY) 2files
Cancel wlp
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4. Move to the Batch tab and press Add
command. This will bring up the Select
Command window that is sub-divided into
4 command sections corresponding to
the main program, source analysis,

imaging, time-frequency analysis and

general commands.

General commands:

Main Program:

Source Analysis:

Source Analysis Imaging:

BatchError

Comment
MATLABcommand
MATLABwaitForVariable
Fause

WindowFosition

@ Apply to all files
(" Apply at beginning of batch

 Apply at end of batch

{Current Selection

[ArtifactAutoCorrect
ArtifactMethod
Artifacton/off
Artifactscan
AuxiliaryFiles
Average

Baseline
Editefaultepoch
EventRead
EventWrite

MarkBlock
Montage
Paradigm
PatternToTrigger
SendToMATLAB
TriggerSelect

(AddSource
ChannelTypeForFit
ConvertSource
Delete

DisplayMRI

Exit

Fit
FitConstraint.
FitInterval
MinimumNorm
NewSolution
OpenSolution
PCA

Regularization
SaveBitmap
SaveModelWaveforms
SaveResidualVaveforms
SaveRVandGFPWaveforms
Savesolution
SavesourceMontage
SaveSourceWaveforms
SendToMATLAB
SetCursor
SetDefaultSourceType
SetorActivateSource
SetOrientation

Switch Condition

Beamformer

LORETA
SetCrosshair
sLoreta
Smooth
SSLOFO
UserDefined

Time-Frequency Analysis:

Display

Image

save
SendTOMATLAB.
StartTFAnalysis

First, we want to apply the predefined paradigm file (cf. Chapter A) to each data set,

therefore select Paradigm from the list of commands in the Main Program group to load

a defined paradigm file to each data set. Hit OK. The Load Paradigm window opens.

Select Auditory / AEP Intensity.PDG, press Open and confirm the paradigm selection

by pressing the OK button.

BESA Research 6.1 Tutorial
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[ : EE L
. Load Pared
Load Paradigm Task u & s
i e Lok [ Aucncey 5] +@moEe
eanterer E, Name - Date modified
E,‘”“ Instructiof X o AC O POG 234132004 1549
ot Press Browse... to selecta paradigm file name. | || || FeesmPieces AEP Jtensity POG 17122009 2134
o hasename?s will be replaced by the base name of I [ PIOPOG 23112004 1520
AURA the currentfile, Deskiop
LoRETA
setcrossh
oreta ..
export ews Smooth Al {orenes
| Open [S5LOFO k
& Appi 0 2 fles Fiedpen e Userefoed i
e :ta»::;w I%basename% pdg Compunt
oo s [ o @
g Savesenduoti
o atensct bocn r 1 ek ,
e ooy [ Bowss., ok | cancel | [ 3 [om
Cuen Socen - ‘-ﬂ J T I— T
e r—— StarTFAnayss R [Farsdi dreciery =]
& cancel
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6. Next, instruct BESA Research to perform an artifact scan on each data set. Press Add

Command, select Artifact Scan from the list of commands in the Main Program group
and hit OK. The Artifact Scan Task window opens. You may have artifact rejection run
fully automatically. However, it is recommendable to visually inspect the results of the
artifact scan in each subject, because e.g. in some data sets in might be necessary to
exclude a bad channel manually. Therefore, make sure the option Wait after scan is

selected, which will prompt for an OK after each artifact scan and allows making manual

corrections. Press OK.

Artifact Scan Task ﬁ

Instructions

Check "Wait after scan” if you want to adjust
thresholds and check bad channels after each scan.

-
v Wal\ after scan: I
______ J P

7. Finally, press Add command again, select Average from the Main Program group and

press OK. In the Average Task window, BESA Research allows to specify a file name
for the averaged individual data. Uncheck the option Use default target and change the
File name mask to . This will create BESA binary files (*.fsg) with
a basename derived from the corresponding raw data set. The averaged segments of
file S2.cnt will be written to file S2_av-test.fsg, for example.

Make sure Overwrite target if it already exists is checked. You can also specify
whether artifact correction should be left active during averaging. This is relevant only if
one is working with artifact corrected data (using either the semi-automatic artifact
correction options described in the Tutorial on Artifact Correction or the automatic artifact
correction that can be executed using the ArtifactCorrect command in the command
list). Here, however, for the sake of simplicity, we will reject all artifacts from further
processing rather than performing an individual blink correction. For the grand averaged

data, enough artifact-free epochs will be available even after artifact rejection. Press OK.

BESA Research 6.1 Tutorial
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.

Instructior
File name mask defines target file name: It can include a subdirectory name. and the file

basename (%basename). f a directony is defined, the mask is appencied 1o the
directory name. Otherwise the data directory is used

For FFT averaging. use the "FFTsave" batch command to save the results

File name mask: I “hasename®_avest I

Dirsctory | Browse

F-usm—tqgm (name and directory)

||7 Overwrite tarlat if it already exists

- o
Keep artifact correction on during averaging oK

i

[~ FFT average on first condiion Cancel

8. The three commands have been added to

=
the command list with all specified = | oo SR

options. You may save this batch and f# N

reload it for further analyses using the B )

Save Batch and Load Batch buttons.

Press OK to start the batch processing

with the first file (S1.cnt).

9. BESA Research stops after the artifact [ e

Tigger | Condiion | Epoch | Fiter  Adfct | Average | Coherence |
scan has been performed. You can now Tt — il [y

e i

i -I-lnl-lﬂ‘l L 7 et ,W’_u .

e L N I
1

' Bad Chomels I o

manually adjust the number of rejected | =

trials and channels. In file Sl.cnt, many

i 4.\|,I.nri r. e —

blinks can be observed, primarily in CRALpI 0 ol AR
| I 59 B4 (71%) 10068
189 127 (67%) Low

channels Fpl and Fp2. The preset S
04 T | o || 2

amplitude threshold is not low enough to T ermontybcn Sr ] ey | T
exclude all blink-contaminated trials. Drag L ] _omn | e |
the vertical red bar to the left to exclude
more trials or set the amplitude
threshold manually to 80 uV. This will
reject more epochs but we can be certain
that no artifacts are retained in the data.
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10. Select Sort by Gradient. Place the |
scrollbar to the right end of the display to P — el [y

wamg [0 [T -
@ oo [ G =] | (|
¥ lowse [ior [0 por <] | ||l
Bad Channels. |7n coler i

Count_Accepted _Condiion
B (66%) 608
(8

see the trials with large gradient artifacts.

The gradient threshold should be lowered

should be moved to the left) to exclude all

(i.e. the vertical red bar in the 2D display |
I
:

L -
artifact-contaminated trials. Set the T e e |
gradient threshold to 30 uV. ! — — =

11. Select Sort by Low Signal to see whether [ —
there are any channels that dropped out I it st e Szen UTSZTZT\'-M‘.TiZ“l:""ET r‘j
during the measurement. This is not the | ~ o o

| ¥ LowSi [001 0o = il
case. | e o ||

i

fl L

: N

| o

EL e [ Sort Channals by Mean
i |
12. Hit OK to finish artifact rejection in the first [t compieted (-

File 2: CAUL_s\BESA\Research_5_3\Examples\ERP-AuditonHntensitA 52.cnt

data file. BESA Research now averages

Task:  Batch Completed

all specified conditions and proceeds with

ViewLog S

the next data file. In file S2.cnt, adjust the

artifact thresholds to 100 pV (amplitude
criterion) and 50 pV (gradient criterion).
After processing the batch on all data files,
BESA Research gives a notification and
offers to view the automatically generated

log file (View Log button). Press OK.
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B. Creating Grand Averages

As a next step we will create a grand average across subjects using individual average files.

Grand averages are useful for later source analysis and also for documenting differences

between conditions across all subjects in classic ERP analysis. Individual average files (*.fsg)

of 10 subjects (S1 to S10) are provided in the BESA Research examples folder

1. In the BESA main window select ERP
/ Combine Conditions to open the
according dialog window. Press Load

File List and select the pre-defined file

and press Open. This will load *.fsg-
files containing average data of
subjects S1 to S10.

2. The number of channels, electrodes,
epochs, conditions, and the sampling
rate is displayed for each file. You may
increase or reduce the width of the
columns in the table by dragging the

column border in the title bar.

BESA Research 6.1 Tutorial
Copyright © 2017

BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany

¥
Combine Condtions, Channels, find Peaks 1 ‘ JL=
| Fie st | condion ist| Chanmal List| Run Seript]
| Load File List Load Previous | | Press "AddFike" or drag fles from Windaws Explorer into the box 10 appendto e list |
| Rightcick paons, <Deb> o
| SaveFile List AddFie | | markeditems |
| [Fie = 1
Q) |
Lookix [ Fielit 5] ~@cm- :
x Name 2 Date modified |
~p ERP-Auditory-Intensity fist 13.032008 15:03 |
L tMegetiat. 091220091339 |
Deskiop i ist 03.03201111:24 |
it |
Libranes |
. k |
|
Computer
“w ‘
|
Network v
|
File pama. [ERP Autory ntenaity Merge i =l Qoen |
Files ofype: [Fie Ut st I | |
Onectones. [Fis Listdveciory |
Cancel Help

Combine Conditions, Channels, Find

Fiba List | Condiion List | Channed List | Run Senpt |

o the kst
pbons. <Del> delelss Makad dem. CifeCursor up/down maves

g
H

oo | Epocha] Consiin [Samprt |
Bl s

EEEEEGEEEEE

——

o |__ e ||
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3. Switch to the Condition List tab. Here
it can be specified how the input

conditions (the conditions available in

the loaded data files) are to be

combined to new target conditions. In

the left column, the available input |

conditions are listed - in our case the

eight conditions that were defined in
the paradigm file (Tutorial 2, step B) L — S w——

and averaged using the batch script

used in the present tutorial under step
A. Conditions having the same
segment comment in the different files

are grouped into one entry.

4. Right-click onto the input condition [ [

CombineConditions

low in the left column. A window opens

displaying information about the | Condition label: Low

condition. The bottom line indicates Samples: 325
.. . . Zero sample: 75
that a low condition with the specified Time Range: -300 to 1000 ms

Sampling rate: 250.0

parameters is present in all ten input } i
Occurs in 10 files

files. Press OK to close this window.

5. BESA Research automatically defined new target conditions (columns 2 — 9) with the
same name as the input conditions. The numbers in the table indicate how the input
conditions are to be combined to form the new target conditions. The default entry +1 in
the column of the 60 dB condition, for example, will generate an average of all input
conditions labeled 60 dB. Hence, the default definitions define grand averages of all input

conditions.
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6. We will modify the default definitions.

Instead of creating a grand average of

the All condition over subjects, we will

create a new condition that contains

the grand averaged difference be-

tween the High and the Low condition.

Left-click onto the label of the target

condition All in the title bar of the table.

This allows to create new target
conditions by inserting new columns, or
to rename an existing target condition.
Change the label of target condition
All to Difference and press OK.

7. The target condition has been renamed to Difference. Left-click twice onto the +1 entry
that links this condition to the All input condition. This will remove the link and leave the
field blank. To define the Difference condition as the average of High minus Low over
subjects, left-click once into the field linking input High with target Difference to
generate an entry +1 in this field. Left-click twice into the field linking input Low with
target Difference to generate an entry -1. Note that arbitrary weights of conditions apart
from +1 and -1 can be assigned by a right-click into the corresponding field. This is not
necessary in our case. The bottom line (Weighted average?) allows to weigh each input
condition with the number of averages it contains. We will leave the default settings to
create non-weighted grand averages. Un-ticking the option Divide result by PLUS factors
allows creating a target file containing the sum rather than the average of input
conditions. We want to create a grand average, so we will not remove the tick-mark for
Divide result by PLUS factors.
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Weighted average? NO NO NO NO NO NO NO NO

Ak

Mo restrictions on sampling rates or channels. [ Divide result by sum of PLUS factors

r~ =
Combine Conditions, Channels, Find E_
- N S S S
File List Condition List | Channel List| Run Script |
| » . . Instructions
Load Condition List | Load Previous Click in array to toggle "+1", "-1", no operation.
Click column label to editthe label . delete it, orinsert a new label to the left or the column
N Save Condition List | New Target Condition | Right click for more options
Input Condition | 60dB| 70d8| 80dB| 90dB| 100dB| Low| High| Differ.. |
60dB +1
70dB +1
30dB +1
90dB +1
100dB +1
wow | [ [ [ [ ]| 1. | 1]
High +1 +1
All

Ok | Cancel |

8. Press Save Condition List to store the [Elsee G- IG
. . . Savein | | ConditionList - cEc@Er
defined conditions to disk. Enter ERP- 2. |neme - N
H%:::ﬁaces __| ERP-Auditory-Intensity.clist 12.05.2005 15:37
Auditory-Intensity-test.clist as file previoussettings clis s a011 1100
name and press Save. You may press "%

Libraries

Load Condition List to load the A

predefined  condition list ERP- C‘E”
. . . Network < I »
Au d Ito ry_ l ntensi ty .C | st File name [ERP-Auditory-Intensity-test clist | Save I
Save as type [Condition List (" clist) ~] Cancel
Directories: |Condition List directory ~]|
£
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9. Proceed to tab Channel List. By [ miens s I
default, settings in this tab are ignored " el T Tt —
input Channel FP1]_rrz2] Fa] F4 ca] ca[ P3[ P4 01] oz[ ai] a2] F7] Fa] 17] 8] P7[ Pe[ Fz] Pz] PS] E0G[ Pi0] Fe~
(checkmark at the bottom left). It allows | = T
combining data of different channels. | - .
To create our grand average, thisis not | = ;
necessary, therefore we leave the | = T
settings in this tab unchanged. e :
GEEEEE e e I
10. Switch to the Run Script tab. Global output options can be specified here. Make sure

Combine data from source files is selected in the box Averages to generate, as we
want to create a file containing averages over subjects. The options under Spatial
Interpolation allow to handle differences in the electrode configurations of the different
source files. In our example, all subjects have the same electrode configuration and no
bad channels have been defined. Therefore, no spatial interpolation is required. The
same is true for Temporal Interpolation and Clipping: All input conditions have the same
latency range and sampling rate, therefore no temporal interpolation of the data is
necessary.

Note that the Run Scripts tab also allows analyzing peaks and mean amplitudes in
multiple data files. This is achieved by selecting Peaks and mean amplitudes, which
activates the bottom right segment of the window. Traditional peak analysis can be
performed quickly in an automated fashion, producing ASCII output files containing the
selected peak parameters (latency, amplitude, area).
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File List | Condition List | Channel List Run Seript |

,

=)

Load Setings |

Save Sefings

Load Previous |

Select options, then press "OK" to start averaging or peakfamplitude export

- Averages lo gen

(" Generate separate averages for each source file

£ o W

LCombine datz from saurce files} )
YOO 9 2 P e e e e

 Peaks and mean amplitudes

~Spatial

[ Interpolate to Standard 81 electrodes

[~ Interpolate bad channels (obligatory i bad channels defined
and not standard 81 interpolation)

~Further options

[ Opentargstfile in BESA

[~ Peaks and Mean

€ Peaks @& Single file output
@ Mean Amplitudes € Sparse output (SPSS)
€ Arsas € Send o MATLAB
from 1o
Time Range: 0 ms 1000 ms
Montage | IOngma\Recmdmg

~Temporal and Clipping

[~ Spline to new sampling rate

[~ Clipinterval
Sampling rate from (ms) to (ms)
1250.00 -300.0 1000.0

No of samples: 325. no of prestimulus samples: 75
Max prestimulus interval: 300, max poststimulus interval: 1000

Hipass: 0.10, Slope: 12 dByOct Type: zera phase;

Filters,
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Lopass 40.00 Slope: 24 dE/Oct Type cera phase:

[¥ All Amplitudes ot same |ateney [~ Positve voltage

== ~|  Channel for peak detection

=1

Cancel |

Help |

11. Click OK to start the batch. BESA
Research computes the specified grand
averages and prompts for a file name.
Enter All Subjects cc-Test.fsg and

press Save.

12. The generated grand average file
contains the specified target conditions
60dB to 100dB, Low, High and the
Difference condition. The number of
source conditions is shown at the bottom
next to the condition label, in our case 10,

one for each subject.
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13. Right-click into the data and select Top ===~
View of Data. Let's have a look at the
condition Low, High and Difference. It
becomes very clear that there is a
difference in brain activity when listening
to low and high-frequent tones. On the
one hand, we can see an amplitude
modulation; on the other hand we can
see a change of waveform morphology

from low to high. Close the TopViewer.
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Tutorial 4 — Discrete Source Analysis

What does BESA Research provide?

v" Fitting of single and regional dipoles
v' Using PCA
v Independent Component Analysis (ICA)
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This tutorial is designed to teach the basic concepts of multiple source analysis. At the same
time, it can be used to get familiar with the user interface of the source analysis window in
BESA Research.

The first chapter provides the basic theoretical foundation of the concept of discrete source
analysis. The following hands-on examples introduce the source analysis interface of BESA
Research and apply the provided principles to simulated EEG data sets. A concluding chapter

summarizes the obtained results and lists some guidelines for source analysis.

A. Theoretical introduction
Equivalent current dipoles

Neuronal current in the cortex flows predominantly perpendicular to the cortical surface for two
reasons: First, the pyramidal cells in the cortical columns are aligned perpendicular to the
cortical surface. Second, the dendritic trees that are parallel to the cortical surface have near-
rotational symmetry and the electric fields of the related intracellular currents cancel to a large

degree.

Activity in multiple brain regions = postsynaptic Discrete equivalent current dipoles as model for

current flow in pyramidal cells the activity in each brain region

The intracellular postsynaptic current vectors of nearby cortical columns sum linearly and can be
represented very accurately by an equivalent, compound dipole current vector. Areas with up to
3 cm in diameter can be very accurately (> 99%) modeled by a single equivalent dipole.
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Currents at the cortical convexity have a predominantly radial orientation; currents in cortical
fissures have predominantly tangential orientation. Generally, a patch of activated cortex in a
sensory, motor or spiking area will have an oblique orientation depending on the net orientation

of the activated cortex.

Thus, an equivalent current dipole is specified by its location (the equivalent center of the modeled
gray matter patch) and its orientation (the net direction of the modeled postsynaptic neuronal
current, perpendicular to the surface of the modeled gray matter patch). The orientation of a dipole
therefore indicates the local orientation of the pyramidal cells in the gray matter — it is not to be
confused with a direction of signal propagation across the brain! The orientation of a dipole is

usually symbolized by an arrow or a short line.

The third parameter of an equivalent current dipole is its strength or amplitude, reflecting the
modeled net postsynaptic current flow. Its units are that of a dipole moment, i.e. nAm (nano-
Ampere x meter). It can be thought of as the product of the total postsynaptic current flow (in nA)
and the length over which this current is flowing (on the order of the length of a pyramidal cell in
meters). The temporal evolution of the dipole moment is called the source waveform and is in

many respects the most important outcome of source analysis.

Volume conduction and the principle of linear superposition

An ideal patch of superficial cortex creates a net radial current flow that can be very accurately
modeled by an equivalent dipole near its center.

Current loops in a conductive medium like the head are closed. Therefore, the intracellular
currents resulting from action and post-synaptic potentials are accompanied by secondary return
currents in the head volume. Since the brain and scalp have a higher electrical conductivity as
compared to the cranium, most currents return within the extracellular brain space. Only a very
small fraction flows out through the poorly conducting cranium and along the scalp before

returning to the brain.
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Inside the head: Signal on the head surface:
Primary (postsynaptic, Generated potential changes (=
neuronal) current in red, EEG maps/topographies). Blue:

secondary (volume)

Top: Radial primary current flow at
the cortical convexity in the right
central cortex.

Bottom: Tangential primary current
flow in a cortical fissure.

Although the location of the active
brain region is nearly the same, the
different orientation of the patch
surfaces and the associated different
flow of the secondary volume
currents lead to a completely
different potential distribution.
Maximum EEG activity is not

The propagation of the volume currents to the scalp is described by the so-called head model.
The head model, or forward model, predicts the voltage at any electrode due to an equivalent
dipole with a given location and orientation within the brain.

The volume conduction results in a widespread, smeared voltage topography over the whole
scalp with a maximum over the activated cortical sheet. A corresponding activity of opposite
polarity appears on the other side of the head. By the laws of physics, the integral of the potential
over the whole head is zero. Therefore, any negativity has a corresponding positivity somewhere
else over the head. The voltage map (topography) displayed on the top right of the figure above
is typical for focal radial activities at the cortical surface. The shown maps illustrate the limited
spatial resolution of the EEG. The precise orientation of the map, and the underlying equivalent
dipole, can only be determined if inferior electrodes are present to help define the location of the
positivity on the other side of the head.
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A cortical patch in a fissure generates a tangentially oriented dipole field (bottom of the figure
above). The return currents in the scalp create a dipole map with symmetric positive and negative
poles aligned in the direction of the dipole. The potential change directly over the source is zero,
but the gradients are maximal. The source is below the site of the densest equipotential lines.
These lines and the whole shape of the topography carry more information on the location of the
underlying generators than the colorful peaks.

An EEG electrode does not record the potential at a certain location on the head surface. Rather,
it records a voltage (= potential difference), i.e. an EEG signal is always the difference between
the potential at a certain electrode location on the head surface and the potential at another
electrode - the reference electrode - or the average of several electrodes. Thus, the choice of
the reference electrode(s) determines the recorded signals, but the underlying potential
distribution (the potential map) is independent of this and solely determined by the underlying
brain processes.

Using a simulated example, we will now learn how to discriminate the scalp waveforms and
topographies due to a focal activity of one brain region and temporally overlapping activity of two

brain regions.

local current

distributed activity

single topography

.

280 ms

—

propagation

scalp waveforms

similar maps
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An assumed activity in the right central sulcus produces a near-tangential dipole field with a
positive peak (shown downwards in the EEG top view in the middle) over the mid-frontal region
(Fz and FC2) and a negative more widespread peak over the right inferior parietal regions (max.
at P4). The patch is synchronously activated and there is no propagation. Accordingly, the net
orientation remains the same. The waveforms at the different electrodes have different
magnitudes but the same evolution over time. The topographic maps change only in magnitude
but not in shape. Map polarity simply reverses in the second phase following the initial activity.

local currents overlap at scalp topographies
propagation scalp waveforms rotating maps !

Now consider the situation of two brain regions separated by about 3 cm and activated within a
few milliseconds. Each of the areas has a biphasic pattern with onset, peak, and polarity reversal.
The two patches have different orientations. This is the main cause for their very different scalp
topographies. Due to the time difference in activation their maps overlap with continuously
changing magnitudes according to the instantaneous strength of the 2 compound currents. This
results in an apparent rotation of the maps over time, and it becomes difficult to identify and

separate the two sources by mere visual inspection.
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Linear superposition: d(t) = L-s(t) + n(t)

M o v ————
Nv_/;\f o —

100 ms T

data = model (Leadfields) x source activities + noise

Using the laws of basic physics, we can now formulate the principle of linear superposition. This
is illustrated here for 3 equivalent dipoles, but it would be the same for 10000 cortical current
elements: The measured data (in this example MEG sensor signals, left, generated by tactile
stimulation of the left index finger) are the sum over the contributions of all sources. In source
analysis, each active brain region is modeled by one equivalent dipole source. Each source is
fixed to the cortical patch or region it represents, and changes its total current strength over time
according to the local physiology. In 1986, this was named a source waveform (Scherg and von
Cramon, Electroenceph. clin Neurophysiol. 65:344). With a given volume conductor model, e.qg.
a spherical head model, a boundary element model (BEM), or a finite element model (FEM), it is
now possible to predict the leadfields, i.e. the magnitude of the signal each source will contribute
to each sensor. Because the model is an approximation, both in terms of the volume conductor
and the simplification of using equivalent dipoles at the centers of activity, there is a residual.
Ideally, if we have a good model, this residue should be small and consist only of sensor noise
and brain background activity not related to the tactile stimulus.

BESA Research 6.1 Tutorial Page 67 of 318
Copyright © 2017
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA®

Tutorial 4 — Discrete Source Analysis

The inverse operator: Reconstructing brain activities

source waveforms
(dipole moments)

= linear inverse x data waveforms

Linear inverse (spatial filter): s(t) = L-1-d(t)

1 b

-1

In our superposition, equation the source waveforms are the unknown, given we know the centers
(and orientations) of source activity in the brain. In this case, the source activities can by
calculated directly by inverting the leadfield matrix and multiplying from the left onto the
superposition equation. In the illustrated case, the leadfield matrix consists of the three sensor

topographies which have to be inverted. The noise contribution is neglected in this process.

Accordingly, unmodeled noise will be projected onto the calculated source waveforms.

The linear inverse operator acts like a spatial filter that deblurs the measured waveform to unfold
and separate the underlying source waveforms (Scherg and Picton, EEG Suppl. 42, 1991). In
other words, source waveforms are calculated by combining the temporal information in all
channels giving specific weights to each signal. Each row in the matrix L™ is a linear operator

reconstructing one source waveform.
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source topographies EEG data source waveforms
source T
montage :
: —
filter _
operator
'source montage red active blue active  red -> blue

The above example demonstrates the full separation of the source activities 1 & 2 in three
simulated cases and illustrates the absence of activity in source area 3 since its source waveform

shows only EEG background signal.

Thus, multiple sources can mutually contrast and separate the activities of the brain areas that
they represent.

The displayed circles on the left illustrate that separation of the activity from several brain areas
is principally possible, if they are sufficiently remote from each other (> 3 cm). However, precise
localization within each region is not possible in typical data because of the EEG background
noise.

In the overdetermined case, i.e. if there are less sources than measured channels, the linear
inverse operator L is constructed to fully separate the different source activities. The vector
operator for source 1 will fully recover source activity 1, but will not be sensitive to any activity at
sources 2, 3... and vice versa. This sharp separation has a drawback, if some of the sources have
a high spatial correlation in the sensor space. Then the inverse operator will have large entries
and the noise will be amplified accordingly. However, this problem is easily handled by modest
regularization (default in BESA Research is 1%) when calculating the inverse of the topography
matrix. How regularization effects the source waveforms will be demonstrated in Chapter B (Step
16).
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If we apply a two-dipole model to our simulated data set, they separate the two activities in their

source waveforms provided that appropriate equivalent locations and orientations had been

selected. If we try to model the data with a single dipole only, we obtain an incorrect localization

intermediate between both sources. The source waveform combines both underlying activities

into a broader pattern which has a latency intermediate between the original activities. Therefore,

care must be taken to create a multiple source model that is appropriate for the current data set.

In the following we will see how this can be achieved. The following section shows how a source

model can be created by fitting discrete sources to the EEG or MEG data.

# i

correct

local currents scalp data

-

/,/ ] e R . \\\ 3 . d
AN
v N / multiple source model

“ | inverse

N\

forward =ep S SV S
propagation to scalp

incorrect!

single source model
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The fit procedure

We assume that a single dipole will explain the early onset phase (i.e. initial source model
hypothesis is a single equivalent dipole). Using the head model, the forward model topography
(= leadfield) is estimated. The inverse of this leadfield matrix is applied to the data to estimate the
source waveform. The source waveform is projected back to the scalp using the forward
coefficients of the map to estimate the model signals (blue curves in the figure below). Measured
and modeled data are subtracted to estimate the residual waves. In an interactive process, dipole
location and orientation is adjusted and the calculation process is repeated until the residual

difference between scalp and model waveforms is minimized. The equivalent dipole locates in or

near the active cortex if the hypothesis, head model, and data are sufficiently accurate.

<

head model

source model: 1

relocate dipole

source waveform

1 minimize
difference

-1

forward inverse
model model
*

scalp waveforms
model waveforms
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Fitting strategy for multiple activities — step 1:

Use the 3D maps to define the fit interval from the time when a clear dipole field emerges until it
starts changing. Perform a principal components analysis (PCA) over this interval: The PCA
decomposition should show one dominant component. The percentage of variance it explains

should decrease, if the interval is extended further. Fit the first dipole over this interval.

source model: 2 source waveforms scalp / residual
: model ~ scalp

Al

—_—
CP6

P4

FC2

Fz

CP2

INVErse s~

model

Fp1

:

NCCR2

head model

Fitting strategy for multiple sources — step 2:

Display the residual waves and maps. Perform a PCA on the residual waves and repeat the same
procedure to mark the next onset interval in the residual data. Fit a second dipole to this interval
while keeping the first dipole fixed in location and orientation. In the simulated example with good
signal-to-noise, this results in the separation of the underlying active areas and their source

waveforms.

Finally, we should check the homologous brain region in the other hemisphere for a potential

spread of activity using a probe source at the mirror location of dipoles 1 and 2.
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different compound activity right & left

1f0rward

N A

overlapped scalp waveforms
have symmetric topography

& l inverse N

Thalamus?

single dipole mislocalization to center source waveforms are separated

left activity picked up by right dipole

incorrect! incorrect! correct

The above figure shows a simulated example that illustrates the need to create an appropriate
source model in order to obtain correct source waveforms. We assume a situation where both
auditory cortices are active. Their topographies on the scalp surface overlap, and the recorded
signal at each electrode is a superposition of the contributions of the two sources. If we apply a
source model with one dipole in the right auditory cortex only, its source waveform will not only
pick up the right hemispheric activity. It will rather contain some contribution from the left
hemisphere as well, which is not properly modeled. An attempt to fit a single equivalent dipole to
this data results in a mislocalization in the head center close to the thalamus. The reason is that
the ACpL and ACpR sources generate a symmetric topography on the scalp surface with largest
signals over the scalp midline. The obtained source waveform is a linear superposition of the
activities of both brain regions. The correct source activities are reconstructed only when two
equivalent current dipoles are used to model the data. Only with this two-dipolar model, the spatial

filter can separate the activities of the two brain regions.

BESA Research 6.1 Tutorial Page 73 of 318
Copyright © 2017
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA®

Tutorial 4 — Discrete Source Analysis

B. Single Dipole Fitting with Simulated Data

Before we will create a source model for the auditory intensity data we have been working on

so far, we will work with three simulated datasets to understand the principles of dipole fitting.

15t simulated data set: In the first example, non-overlapping (asynchronous) activity in both
auditory cortices is simulated. Current flowing in the depth of the Sylvian fissure is oriented
orthogonal to the temporal plane, because pyramidal cells are perpendicular to the cortical
surface. Therefore, the net effective dipole is oriented vertically and orthogonal to the fissure.
This source is nearly tangential to the scalp surface. Because the current flows into the
cortex, the dipole is pointing downward. The resulting voltage topography shows a fronto-

central negativity and an associated positivity over the right infero-temporal posterior scalp.

%% C:\Program Files (x86)\BESA\Research_5_3\default.elp - DipoleSimulator _-LEEEHH

File Edit View Options Help
Z D& H & TN |Y Y R Hd Ns|Fv Fe |22

ﬁ j =
5.00 pV
50 nAm
— Fp1 Fp2
e

™ i

01 A 02 a

U o

] Fary
@/L@
— T
-l Referencefree=blue Ref.

Double click to switch on cursor, or move cursor to this location Spherical model EEG 33 electrodes
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1. In the main window, select File / Open  |[Elsdxomarics it —
Lookin: | | Leamby-Simulations o B
and browse to the B [Name = Ostemodifed -
=P | AC-Coherence 04032011 1133
RecentPlaces ) 1r.mEG143 21.01.2011 1635
subfolder of the Examples folder | g | oo S
I Desktop AC-2D-biphasic-synchronous.avr 29.03.2002 12:29 L
to IOad the Simulated data set L & AC-2D-biphasic-synchronousmod 29.03.2002 12:29 I
I ww AC-2D-biphasic-synchronous +noise.avr 29.03.2002 12:30
You might need to | i  :scomowoms Z =R
L A P.mo Type: AVR File
| compuer AC-2D-no-overlap-+naise.avr Size: 303 KB
. . " RegionalSource20.avr Date modified: 12022002 13:28
change the file-type to Averaged Files | @& . reoomsorcannes B2 1Es -
. | Network <[ i 3
(*.a??, *m??, *fsg) to see it. Press | Fansme oz =
| Files oftype [Averaged Files (.a??. *m??.*fsg) ~] Cancel
O p en. : Folders [Data Folder |

BESA 5.3 - C\.Exampl
File Edit View Filters Montage Process ERP Artifact Search Tags Goto
"F|F+| wrs | sAaw |[ 3D _IMG | ERP | DSA || Rec _ Vir | Src | Usr

2. We want to perform source analysis on this data

now to see if we can recover the brain activity that

Fp1
. . . . Fp2
is underlying the recorded signals. Source analysis s -
F7
is performed in a separate window of BESA 7 -
. F4 1 op View of Data
Research. To start source analysis, left-drag over = Nl
F10 —
the data to mark a block. Then right-click into the ¢ [ oo Comeintion
Fc2 [ efine as ol
block. From the popup menu select Source e U
. ™ B Write Segment
AnalySlS. 10-; : Copy to Buffer >
cz L Define Artifact Topography
ca ‘. -~ 000000000000
T8

3. A dialog window appears which allows Block Size and Posiion—— —Fiter Sstings o T

e St
Frequency [16 [ Slope [Bdbfoct <] Typefomard <]

specifying the time range of the data to be

¢ Custom Definition

’—_| g’;«‘f;j High Cutaff Status [~ Enabled
sent into the source analysis WINAOW. i womenen | e (00w sope [iiaz]  Teefocane 2]

2820  (ms) postEvent

[~ All Conditions

Select Whole Segment. It is also possible

Source Analysis

SetBlock ‘ Cancl ‘

to specify temporal filters to be applied
before source analysis to remove slow drifts and noise from the data. For our simulated
data sets we don’t need to apply filters. Hit Source Analysis to open the source analysis
window with the specified data segment.

4. Onthe left of the source analysis window, the recorded  |-=is
channels are displayed in average reference. In the | - - vf
top middle box, the global field power (GFP; the sum A
of squares of all channels, normalized to 100%) is |- b )
displayed in a logarithmic scale. On the right, the head £ R d,‘,,/:—i\h
R \ AR
g g 5
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sketches are shown analogously to the DipoleSimulator program. The parameters of the

applied head model are shown at the upper right. Double-click into any of the 6 heads

to insert a first dipole.

This defines a first (still inappropriate)
source model. The source waveform in
the middle box is calculated from the
recorded data using the head model (=
model for the distribution of the
electrical conductivity inside the head)
and the source model on the right as a
hypothesis. Source waveforms are
dependent variables. Source locations
and orientation are independent
variables.

Based on the source waveforms and the
sources leadfields (as defined by source
location, orientation, and head model),
the model waveforms can be computed,
i.e. the data that would be generated by
the current source model. You can
visualize the model waveforms (blue) by
hitting the Model button in the upper left
corner. The difference  between
recorded (purple) and modeled (blue)
waveforms is the residual. It can be
displayed in red by hitting the Res.

button.

The normalized sum of squares over channels
of this residual activity is the residual variance
(RV), i.e. the unexplained fraction of the data :
i0 L [ %.. o

variance. It is displayed in the top middle box
(red) together with the GFP. Note the inverted o:
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logarithmic scale for the RV. The goal of the source fitting process is to find a source

model that minimizes this residual variance.

8. Left-drag over the data approximately = “M”"“""““”"‘TT’F%“ R
_lie ::-3; le:ErJLIDCmTwm |m.1g:P (‘nEJl‘IS 'x\in:’i 2o x-ori y-ori zon
from the onset of the first EEG activity | - o ‘

- r« 6l 4 shell elipsoidal
[ JNew solution 1 (modified)

to the first peak. Then hit the Start Fit

> | A off| Allfit| Startfit] Sens. [ BY || Hid

C \L_FDX
determine the optimum location and |
orientation for our first dipole in orderto | * J\/L “}ﬂ M\T)

explain the data in the marked fit | . ,ﬁ Q\ /T\2
N/ = % ) ‘ [

interval. The result is independent of | . A~ r °l® d
the initial dipole position and confirms L s iz A1 ii— -

button in the waveform box to

||<_u|

the simulated generator of the brain activity in this time range in the right auditory cortex.
Use the scaling buttons at the bottom right of the middle panel to increase the source

waveform scaling.

9. Note that it is arbitrary if the dipole is <I> “/ “Write Sphere Center File (~<ot)..
represented with its flag pointing in one Save Solution As.. cui=S
. . . . . . Image b
direction or in the opposite direction. If Display MRI A
you wish, you can invert the source Fit Enabled Sources over Interval F
) A ) i i Fit Enabled Orientations (0]
orientation by right-clicking onto the -
Invert Orientation 1
source and selecting Invert Convert to Regional Source C
Orientation Delete Source Del
Q BrainVoyager Ctrl+B

10. Release the Data button in the upper left [Fe s G E-“'i“"‘f

file Condition1 Solution1 Fif Jmage Options Help
Data|Moﬂ [Res ||nH | PCA| EEG Res, Var.| Enerqy |Min. Dist. Image Dip. 1 xdoc y-oc zloc x-ori y-ori

corner to show the residual activity only. |ea G Wi i e Do

ori e v
Model: 4 shell ellipsaidal
New solution 1 {modified) EEG +])

In our marked initial fit interval, the | = — :

Hid

@ m(@
‘ iﬁb 4 fﬁ

of simulated activity in the left B T A e

dipole in the right auditory cortex
explains the recorded data without any | .. —
remaining residual. However, its source P———

waveform is not correct — it shows | ~—

activity also during the later time range | .. —

hemisphere. This is so because the required source accounting for this activity is not

included in our source model. This is also reflected in the high residual variance in this
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latency range. Therefore, left-drag to mark a second fit interval across this later time

range.

11. Double-click into the head to insert a [Z= c s i ————

Eile Condition1 Soluion1 Fif Jmage Options Help Solution: New solution 1
Energy [Min Dist _Image | Dip.2  sdoc yloc zloc x-on yori zon
GFP| Cartsus |[-a3 005 [013 [03 [ 03 [ 48

i
L Loc: e

second dipole. The button next to its

source waveform will automatically

show Fit to indicate that its location and
orientation will be optimized in the next | -

fitting step; in contrast, the button of the | ~

m—— M\ AI(\F? N LS

first dipole says No Fit, because it will | (&1 AT AT
N NN = B Snyan)
held fixed — its location and orientation | .. ] | : y Y=l flj

has already been determined by the

first fitting step. Press Start Fit to start the fitting process. As expected from our
simulation, the second dipole localizes in the left auditory cortex. The flat residuum

indicates that this two-source model perfectly explains variance in the data.

The fit results in a complete separation of the activities of the right and left AC. The
addition of the left dipole has changed the calculation of the right source waveform. It is
now blind to activity from the left source, and does not show any activity in the later
interval when the left source is active. The analogous statement is true for the source in
left AC. Therefore, an appropriate source model that should reconstruct the correct
source activities must contain dipoles representing at least all active brain areas.
Otherwise, activity in unmodeled brain areas will be projected onto the source waveform

of the modeled sources.
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2"d simulated data set: Severe overlap and high synchrony between hemispheres is what
we must expect in auditory evoked potentials. Furthermore, cortical source activities are
more complex and often biphasic. Therefore, the next simulated data set,

, contains biphasic source waveforms which are synchronous in both
auditory cortices. Source waveforms pointing upwards (positive) represents postsynaptic
current flow into the direction of the flag of the dipole symbol; downwards deflections
(negative source waveforms) reflect current flow in the opposite direction. Remember that
the source waveforms reflect the local current flow within the modeled gray matter patch — it
does not represent the direction of signal propagation within the brain!

- S __ _
%% C:\Program Files (x86)\BESA\Research_5_3\default.elp - DipoleSimulator e =
File Edit View Options Help

Z S E E S W% YR HI Ns Fv Fe |3

5.00 pv
Fp1 Fp2

@/L@
-

EEG 33 electrodes

12. M|n|m|ze the Source analysls WlndOW and File Edit View Filters Montage Process ERP Artifact Search Tags Goto Options Help

-F|F+| Wrs [ SAW [[ 3D IMG | ERP | DSA [[Rec _Vir | Src | Usr | Opt | EdM |

select File / Open in the main window to ‘
. Fp2
load the second simulated data set Fo e —
F7 Whole Segment —
Left-drag to *s -
. . . . Fz Linear Correlation —
mark a block and right-click into it. BESA 7 Source Analysis I
Define as Epoch
Research remembers the previous settings e, 5 I
Write Segment
. H FC1 fo] o Buffer r
used for source analysis that you can quickly rc. e -
FCE efine Artifact Topography
re-apply by selecting it at the bottom of the ™ oo 10005454 s Fikers of —
T
popup menu. o
c4 *—m
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13.

14.

15.

The source analysis window appears with
the new data set, the previous dipole model
still applied. Press the Data button to show
the biphasic EEG signals of this data set.
Since the data set has been simulated with
the same active brain regions, the source
model is correct for this data, the residual
variance being nearly zero. The source
waveforms are now computed from the new
data and therefore reflect the synchronous

bilateral biphasic activity.

We could have obtained this source model
by fitting both dipoles simultaneously to the
data. To see that, left-drag to mark a fit
interval over the time range of EEG activity.
Then hit the All fit button — this turns both
sources into the Fit state. When pressing the
Start Fit
orientation of both sources will be optimized.

button now, location and
The result does not differ from the previous

model.

Let's see what happens if we had tried to
model this data (incorrectly) with a single
dipole only. Deactivate the two dipoles by
hitting their On buttons. This effectively
removes them from the source model.
Double-click to add a new dipole and press
Start Fit. This results in a dipole in the
middle of the head, compromising to explain
the left- and right-hemispheric activities.

Although the result is incorrect, the residual
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71 BESA - CA\tions\AC-2D-biphasic-synchronaus.avr - Condition 2, Filters off, -100 ... +346 ms - Source analysis

EG | Res. Var,
o |RV - 0.004%

Best 0 DDG"n RC ‘!

Model: 4 shell efipsoidal
New solution 1 (modified)

L3

j‘\ou ce waveforms ~Jsource locations

Data Residual (1-12 of 33)

BESA - C\..tions\AC-2D-biphasic-synchronous.avr - Condition 2, Filters off, -100 ... +546 ms - Source analysis
n1 Fii [mage Qptions Help
Eliece Res. Var.| Energy |Min, Dist. _Image

il

Solution: Nes
Dip.2  xdoc y-oc zdoc oz

2o 4 RV 0.004% GFP| cartrus |[034 [00s [013 [0z [
F S ! P e
— ori oo v

- [Model: 4 shell elipsoidal

r -
Hew solution 1 (modified)

Al e Alfit]| Start fit] lens [¥| BV
- ——

F
2

f‘
it

&
@ﬁ@ @/Qﬂ

02 —vg— @
oS ——— |
| =] -
Defta Residual (1-12 of 33) =Isource waverorms =lsource tocations

Fit Interval: +47.63 _ +229.49 ms

[ —— .m,m@
File Candition? Solution1 Fit fmage Options Help Salution: Nev
Dataw D | Pea| EEG [Res. var.| Eneray [Min. Dist_image |

* a =6t + RV, 0.808% GFP| cartius WWWWF

é A
or: Best. D 000% ] T
— w Or free -

[Model: 4 shel ellipsoidal

Hew solution 1 (modified)

. AN i Allon| Allfit] start fit] Sens. ¥ BV || Hid
FC2 i
() (»
P9 ———— 3
_— off 1 1
‘ H No fit
FC1 —_AU—-_-- ry— | o
Fz—'ﬂv_f-l ——
i off 2
Tq‘f_t7&—|7 Mo it L l !
T - -
4 —
R ETAN - g
H Fit
02_'T7Q— ?
i ‘ Sl
o —— L
| =] =}
Data Residual (1-12 of 33) ~ ISource waveforms = ISource locations

Time: +506.61 ms Fit Inferval: +47.63 . +229.49 ms
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16.

17.

variance is less than 1% (as displayed as

R.V. at the top)!

How can one decide whether the one-
source or the two-source model is
correct? This can be done by
contrasting the two source models.
Switch back On the two first dipoles.
Now the three source waveforms
should be able to contrast and mutually
separate the activities in the three

modeled brain regions. The reason for

[ BESA - €A, tions\AC-2D- biphasic-synchranous.awr - Condition 2, Filters off, -100 ., +546 ms - Source analysts =|B| X

an

4

it Image Op

| Data Mod. | Res. ||p]] | PCA | EEG [Res. Var.
Oa Mrmliriummmn- RC: 1

Camman Regularizaion Canstont in %)

G

Energy |Min. Dist. _Image

FP|

P10 + QBV
FC2
PO
e o ‘
- Mo it
FC1 % ‘\/
n—AV— /\
Pal [ 2
N it N/

Data Residual (1-12 of 33)

~ |Source waveforms
Fit Interval: +47.63 .. +229.49 ms

Dip.2  xdoc yloe zloc x-ori y-or z-on
Cart/us |[434 [ [015 [93 [ 03 |15
loc:  [ree =
o free  «

[Model: 4 shel ellipsoidal

New solution 1 (modified)

Hid

Source locations

the still non-vanishing source activity of the third dipole is a parameter called

regularization constant. Select the corresponding entry from the Options menu.

Reduce the regularization constant to
zero. With this setting, the separation
capabilitiy of the source waveforms is
optimal, and the flat source waveform
of the third dipole indicates that there is
no brain activity in the middle of the
head. Rather, the two-dipoles in the
bilateral auditory cortices correctly

represent the truly active brain regions.

BESA - C\_tions\AC-20-biphasic-syndwonous.aw - Condition 2, Filters off, -100 ... +546 ms - Source analysis

File_Condition 2_Solution 1 Fit Imag
| Data Mod. | Res. ||D]| | PCA | EEG [Res. Var.| Energy |Min. Dist. _Image
Set regularization constant - RC:

S —r——

@l

Data Residual (1-12 of 33)

Fit Interval: +47.63 . +229.49 me

[

- [Model 4 shell elipsoidal

Dip. 2 xloc y-oc z-oc x-oni y-on z-ori
Cartius |[-034 [-008 [073 |43 |43 [-0a
Loo:  [me

ori

froe =]

New solution 1 (modihied)

EEG +]

Sourca locations

So if regularization blurs the spatial filter and increases crosstalk between sources, what

are the benefits of it? We will see the answer in the next simulation. Click OK to close the

regularization dialog.
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IS

3'Y simulated data set: Finally, the third simulated data set has been designed to be even more

realistic by adding background noise to the same simulated brain activity as before (

).

File Edit View Options Help
s D@ @ R EH S| TR % Y R Hd|Ns | Fv Fe |32

%% Ca\Program Files (xB6)\BESA\Research_5_3\default.elp - DipoIeSimuw
— — — — - —

Dk
aAnYay

’L

Source 1 node 3: 5 nAm, 137 ms

2

5.00 pv

rms noise: 0,15 pv; alpha proportion: 0.50
Reference-free=blue

Ref. |

18. Minimize the source analysis window. In the
main window select File / Open to load the
file

the same

simulation as the previous one, but with
some small background noise added to the
data. Again, send the data into the source
analysis window: left-drag to mark a block,
right-click into it and select the bottom-

most entry.
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EEG 33 electrodes

Spherical model

(%) BESA 5.3 - CA.y-Si VAC-2D
File Edit View Filters Montage Process ERP Artifact Search Tags Goto Options Help
-F |F+| WrS | SAW || 3D IMG | ERP | DSA |[[Rec Vir | Src | Usr | Opt |EdM | LF | HI

Fpl [ e e e e
Fp2 b/t e
F9 W\\/M
F3 b Ll Top View of Data
Fz | Whole Segment
4 %,V\/\ T
F8 |t e T Linear Correlation
F10 Source Analysis
FC§ |~ — Define as Epoch
FC1 |~ Define as Artifact
FC2 [——d Write Segment
FC6 | Copy to Buffer »
™ Define Artifact Topography
w |
Epoch: -100.0..549.5 ms, Filters off
c3 | |
Cz p——t Vs T e
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19. The previous solution is now applied to the ?ﬁ‘:;,fi‘j?f“‘t?j”y‘"’“?‘""“‘""‘”?“5‘“°'“j;_'f"°"““'°"f‘"“"“’"-*°°*““”"5“‘""'”“

1 ft Image Option

- . . Pl cartius 034 {006 [013 [-03 [-03 |08
noisy data. The channel noise is strongly )

Model: 4 shell elipsoidal

& ] JNew solution 1 (modified) EEG +|
Hid

o} ()

projected onto the source waveforms when
the regularization is set to zero. Select
Options / Regularization constant again
and see how increasing the regularization

constant affects the reconstructed source

:
waveforms. e »‘ m @ |® >
m__..._vas—-—hl o
Data Residual (1-12 of 33) z‘@ourrowmmms jsanrce?mamns ﬂ
- Fit Interval; +47,63 .. +22949 ms A
H H H 1 ) BESA - C\..tions\AC-2D-biphasic-synchronous +noise.avr - Condition 3, Filters off, -100 .. +546 ms - Source analysis =8 X
20. As regularization is increased, crosstalk & oo —— = =
Data Re D A Re EneravMio Djst. _Image Dip.2  xdoc y-loc zdoc x-ofi y-ori z-ori

GFP| cartsus |[-034 006 [013 [-03 [03 [03
Loc: [ree =]

o free  ~]

increases as in the previous example, i.e. ||

mmmmm Reguisrization Constant (in %)

the third source waveform reflects activity "'

that is truly generated in the brain regions | "

represented by the other two sources. | |~ AV

However, as a positive effect, the source | .

waveforms are substantially cleaned from

noise. This positive effect in noisy data | "2 ———

implicitly stabilizes source fitting results in o= e fres e :

the presence of noise. Therefore, a modest

BESA - CA\.tions\AC-2D-biphasic-synchronous  noise.avr - Condition 3, Filters off, -100 .. +546 ms - Source analysis =8| X
sets. The default regularization of 1% is | | s S—

= 4

regularization is recommended in real data e e
LA CaLruus {'{x}%"{ﬁ'ﬁﬁ [3 [0s

usually an appropriate compromise and | ..

does not need to be changed. Crosstalk | =
between source waveforms is usually e NG [
smaller than in the current simulation, in | ©

which the correlation between the leadfields | A

of the modeled sources is especially high. o.k__vc»w._U: '

Data Residual (1-12 of 33) ~lsource wavetorms ~lsource locations j
it Interval: +47.63 .. +22949 ms
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21. Set back the regularization to 1% and hit [setrequisrization constant I [l
OK. Then close the source anaIySiS Common Regularization Canstant (in %)

window (confirm with OK that the | [ 1 < J | _Dsfeu |

developed source model does not need to
be saved to disk). ok | _cencel |

C. Single Dipole Fitting in Real Data

1. Back in the main BESA window the file

Edit View Filters Montage Process ERP Artifact Search Tag

Sh0u|d St|” be Open... ctrl-O
. . a
available at the bottom of the File menu. If ,._q.;:e.u__
I RecentFiles.. 4

it is not, please select it pressing File /| |w====—=i)

Load Channel Configuration...

Recent Files / .... Left-drag a block in Head Surface Points and Sensors »
s . ) o MRI Coregistration..
condition Low, right-click to send it into E—

. . . e Send to MATLAB..
Source Analysis with custom definition endto

Import and Convert ASCII File...
settings =50 to 250 ms, a Low Cutoff Print..

Print Preview
filter of 0.5 Hz, 12 dB/oct, zero-phase

shift, and a High Cutoff filter of 40 Hz 1V 1cC\.xamples\ERP-Auditory-Intensit\All_Subjects_ccfsg |1

O S R S S RN S S S S S

Exit

(keep the default parameters 24 dB/oct, Blck Sizs and Fesfion | FiterSating — e
" Whole Segment Low Cuto =

zero-phase). The low cutoff filter will & Custom Defion Eequorcy [[E 1 Siope [120bjori =] Type [roraphce <]

:" g;i“’fgf High Cutaff Status [ Enabled

create an improved baseline and reduce g opeser | P[0t Soe =] T o siee -]

260 (ms) postEvent

[~ &ll Conditions Source Analysis | SetBlock | Cancel |

the overlapping slow activity.

2. It is not possible to fit a good source |7 e b R S e
lﬁ%l -H:'s UF:,CAwE:!i [Res. var. [ Energy |Min. Dist. I“"EG;F [Mode! [ashellclipscidat
model for the P50 as its signal-to-noise |os =0 o 1 s e e T
ratio is poor. Therefore, we will focus on | % of PR y
in our signal. Mark a time-window from the = = |
-1

a scalp  hone csf
the N100, which has the largest amplitude e mz Q

beginning to the maximum of the auditory
N100 (76 to 100 ms). As we are dealing

with auditory data, we know that we need

s

Data (1-12 of 31) -
Fit Interval: +76.00 .. + 10000 ms
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to fit at least 2 dipoles to obtain a correct
source model. Double-click in the heads
twice to place 2 initial dipoles. Press All
fit and Start fit.

Both sources will fit in auditory areas, the
right source being located further anterior
than the left source. The right source

seems located slightly too medial.

The fit can be improved by introducing a
symmetry constraint. This can be very
useful for stabilizing a fit, particularly when
data are noisy. To do so click on one of
the sources and select symmetric to in
the Loc.: drop-down menu. Press All fit
and Start fit again.

Both dipoles are located symmetrically in

the auditory cortex. Note that the residual

variance is slightly bigger using the
symmetry constraint. However, the
solution with the smallest residual

variance is not always the correct
anatomical solution. You should keep in
mind that deeper dipoles explain more
variance. Therefore, in noisy data dipoles
will have a bias to localize deeper to

explain more variance.

BESA Research 6.1 Tutorial
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BESA - C:\..-Intensity\All_Subjects ccfsg -
File Conaition 1 Solution 1 Fig Image Qptions Help

Data Mod. | Res. ||D]| | PCA | EEG |Res. Var‘ Emmzv [ Min. Dist. Imge

<|+| Low 10aws Fiters 05- 40 Hz =

Org| [48.00ms +252.00 ms |

ETT—.
Low: 10 avs, Filters: 0.5 - 40 Hz, -48 .. +252 ms - Source analysis

=

Solution: New solution 1
Dip.2  xdoc y-loc zdoc x-ori y-ori z-ori

Gartaus |5 [o0 o1 [0z [ 95 (95
|

Loe ymmerx = ][ 1 | <00y 00700 [
o e =]

Model: 4 shel elipsoidal

A..—% i~ -
—_— = ot nt start it sens. [+ BV [ Hia
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+Mew solution 1 (modified)

EEG +]

;m@
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6. Release the Data button to only display 7 S remasees i il SR S —
Data | Mod. | Res. ||D]| | PCA | EEG [Res, Var.| Enerqy [Min. Dist._Image | Dip.2  xloc y-oc zdoc x-ori y-ori z-or
. . P . [j{ Low. 10 avs Fmers_oa 40Hz 2 |RV.. 1.149% GFP|_cartsus |[o [oo7 [o11 [z [-05 [40
the residual variance (if it is not activated, | s beor — mmm e o ol T s R
— N Ori: hree -
. Model 4 shell elipsoidal
<]+ New solution 1 {moaifed) EEG 1]
Hid |

(=Y ()
later that the source model does not P

explain the P50 or the N150 sufficiently. — @

This can be seen by the higher residual I N O ——

click on the Res. Button). Note that our

source model explains the data very well

for the given time-range. Keep in mindfor | «¢———

. . . . Residual (1-12 of 31) 5 urce wavefoms j.‘iumr# localions i
variance in the accordlng time-ranges. LRt 7600410008 ms 4
7 S th t I t f | t [ BEsA - CA,.-Intensityyall_Subjects_cc.fsg - Low: 10 avs, Filters: 0.5 - 40 Hz, 48 . +252 ms - Source analysis =HEE X _
. ave the current source solution Tor Iater |G e s e mse cotons 2o
Open Solution.. crlsa B ERP- Intensiny Lowlntensity_ZSD-testbsa
b H F.I I S S I t. A Append Solution... cui+A Bge | Dip.2 ‘ﬂlw’mﬂ’ﬂ’ﬂ
GFP| cartus |[e [o07 [031 [0z [05 [48
Yy pressing rile ave oSolution AS... msnon B ] et LR KR ELKL
e k= Mucjﬂl slvclI::asund;\
under the name Seesuce it S .
Save Saurce Mantage 'E Hid
. Save Source Montage As. Cr+G |
Close the source analysis | oo @ @
Save 30 Window a5 Bitma S )
. Send 10 MATLAB..
W|ndOW 1. \Examples\ERP-Auditory-Intensity\Lowintensity_25D-testbsa 1 . =
" 2. \Examples\ERP-Auditory-IntensityATest Single.sa
3 CA. \Examples\ERP-Auditory-Intensit\Test Regionalbsa AF
44 .. \Montages\Surogatehodels\AEP.nsa il IF | ‘ I
5 CA . \Examples\TFC-Error-Related-Negativin/ Eri\.osa
6CA . \Examples\ERP-Auditory-Intensity\51-AC+SC.bsa
7 CA... \Examples\ERP-Auditory-Intensity\Highintensity 3RS bsa i
8. \Leam-by-Simulations\AC-Coherence\ ACID.bsa
9 CA. \Examples\MRI+ EEG-RT-Experiment\RT-4RS-2D-seeded bsa
More .
Display Complete Pats.. =@
Exit A _
Residual (1-12 of 31) zlbl‘,.ucowamlurﬂﬂ ~lsource iocations j
| Fit Intervak: +76.00... +100.00 ms

D. Fitting Regional Sources in Simulated Data

In order to understand the concept and advantages of regional sources we will again work with
a simulated dataset.

Simulated dataset: Two extended square surfaces (~10-15 cm?) of planar cortex are
modeled, each represented by four equivalent dipoles. The dipoles are approximately 2
cm apart. Each dipole can be thought to represent a smaller square surface (2x2 cm).
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The first simulated brain region is thought to represent supplementary motor area
(SMA). The four dipoles are located symmetrical to the interhemispheric cleft with nearly
tangential orientation, reflecting a planar fissure to both sides of the interhemispheric
cleft. The modeled time-course is the same in each dipole, representing synchronous
monophasic activity in the SMA (dipoles 1-4 in the above figure).

Similarly, four nearly radially oriented dipoles are simulated, representing cingulate

gyrus activity (dipoles 5-8).

Thus, the two modeled extended brain regions are in close proximity to each other,
but differ from each other by the direction of the neuronal current flow (i.e. the
orientation of the active gray matter surfaces). The time courses of the two activities are
simulated to be partly overlapping, with the activity of the SMA starting earlier than that
of the cingulate gyrus.

%7 CAProgram Files (:86)\BESA\Research_5_3\defaultelp DlpoleSlm_
Eile Edit View Options Help
FOD@FabEEH S 7K%Y R Hd Ns|Fv Fe 32
5.00 pv
N 3 Fp2
9 n u u F10_n
s N T —
M FCE
T c3 T8 T10
LA JIV, _ A0
CP5j| HL L cpef\
PBJ\L
""JL PR
01_fln, 02 jin,
ala
I @
|~ |
) Reference-free=blue Ref.
|
Double click to switch on cursor, or move cursor to this location Spherical model EEG 33 electrodes
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1. Load this data set in BESA Research:
File /

RegionalSourcezD.avr.

Select Open and open

2. You may increase the amplitude scaling
by pressing the amplitude scaling
button at the right of the window. Change
the scaling to 2 pV. It is evident that due
to the effect of volume conduction, each
electrode records signals from both

modeled brain regions to some extent.

The overall distribution of the EEG activity
at the scalp surface can best be observed
by viewing a 3D whole-head map. Open
the map window by double-clicking into
the data approximately where a polarity
reversal is observed in electrode Cz. A
cursor is set and the map window

appears.
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l |. ModelData 21.01.2011 16:35
Deskiop AC-2D-biphasic-synchronous.avr 29.03.2002 12:29 p
= ) AC-2D-biphasic-synchronous mod 29032002 12:29
uid‘ AC-2D-biphasic-synchronous+noise.avr 29.03.2002 12:30
Libraries AC-2D-no-overlap.avr 12.02.2002 13:28
1& B AC-2D-no-overlap.mod 12.02.2002 13:29
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Computer
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“]BESA 53 -G

4. To obtain a time sequence of maps,

File Edit View Filters Montage Process ERP Artifact Search Tags Goto Options Help
F|F+|Wrs | SAW|[ 3D IMG | ERP | DSA [[Rec _Wir | Src | Usr | 6\3;@"‘9‘2-{6"/ & 'h-]érﬁ
) SR kC o) Hulannn ad

104.0 ms 109.0 ms 140 ms

e e

19.0 ms 1240 ms 129.0 ms

eee

1140 ms 139.0ms 1440 ms

- |eee

149.0ms 1540 ms 159.0ms

eee

1640 ms 169.0 ms 1740 ms

click onto one of the heads, e.g. the view
of the right side (left head in the middle

row). The display changes, and maps

from 35 ms before to 35 ms after the

cursor are shown in steps of 5 ms. The
map seems to rotate from an early
tangential map (activity of the tangentially

oriented SMA) to a later nearly radial map

(cingulate gyrus activity). Note that this

apparent rotation is not generated by the

139.0 ms refecence free
EEG - Voltage [T 0.20 4V  step
_

rotation of one active brain region, but by

the differential activity of multiple fixed “=DPI4l¥].[,

Time: 00:00:00 Total: 00:00:01 Mark:0.139 s Cur: 0139 s Filters off

gray matter patches with different

orientations.

5. In Ordel’ tO mOdeI the Underlying aCtiVity, Elack Size and Position Filter Settings

h Status [ Enshled
@ Siiole Segment Low Cutoft

we will perform source analysis again: | ¢ cwompsaon | Erer [ Swe e ] T foes

. . . Previous High Cutoff Status | Enabled
Left-drag to mark a block, right-click into W(m)m{i&:m e g G|
it and send the whole segment into the =1 @
. . [ All Condlitions Source Analysis SetBlack Cancel
source analysis window. -
6. Press the PCA button to compute a B cmsesinereiie G, son e
[%W :ﬂR—i 1“%"5% iyfﬂ Res. Var.| Energy |Min. Dist. Imag;zp Model _—
principle component analysis of the data. |e - T 0 R

A PCA decomposes the data into | «

_ ID
& | sens. |V BV | HId

+
contributions of mutually orthogonal \
topographies (i.e. topographies that are

maximally dissimilar to each other in a

mathematical sense). In this process, the | i o
first PCA topography is selected to | J ! < :} &@
explain the most data variance, the — ; : :
second topography the largest part of the
remaining variance etc. The curves at the
left indicate the associated time courses.
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The variance explained by the corresponding component is displayed next to it. It
becomes obvious from the time courses, that a PCA does not provide a separation of
the multiple brain activities (they were simulated to be monophasic, but the PCA time
courses show two peaks each). However, the PCA provides a good estimate for the
minimum number of brain regions that are contributing to the EEG data: A single brain
region cannot generate EEG data that contains contributions of two mutually orthogonal
topographies. We can therefore immediately conclude that we are dealing at least with
two active brain regions in the current data set. Since synchronously active brain
regions cannot be separated by a PCA, we only obtain a lower, but no upper bound on

the number of sources required to model the data.

Note that in real data, there are as many PCA components as there are recording
channels, most of them solely representing noise activity. The ones relevant for our
considerations are those with a substantial contribution to the data variance and a time-

course that indicates activity that clearly emerges from the background noise.

Next, we will see how we can also employ the PCA to estimate the appropriate duration

of a fit interval.

H H H ® - C\..mulations' " - C\.mul atlcnm
7. If a fit interval is marked, the PCA ‘e [Elsesn - o uttions RegEraEl

m File Condition1 Solution Fit Image Options Help
Data Model Residual || Data|| Data Model Residual || Data|

decomposition is computed for the | foteucna o] oo

Org Org

marked data segment only. Mark a fit

interval that starts at the onset of

All

observable EEG activity and vary its

duration. Note that every time you change

100%

the length or position of the fit interval, the =

PCA waveforms and explained variances

376% 0.0%

change.

8. We want to apply a sequential fitting strategy, i.e. first fit a dipole to represent the earliest
brain activity. For that purpose, we should make the fit interval short enough not to include
any brain activity from other brain regions that starts at higher latencies. Therefore, the fit
interval should be chosen such that one topography dominates the data, i.e. one PCA
topography should explain the majority of the variance. If this is not the case, this would
indicate that at least two brain regions contribute to its generation. We would get incorrect
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fitting results if we tried to fit a single dipole to the data. On the other hand, the fit interval
should not be shorter than necessary either, so that the effect of channel noise on the fit
result gets reduced. In our example, an appropriate first fit interval is e.g. approximately
from the onset of EEG activity to the first peak — in that time range, the SMA region is
active, whereas there is no cingulate gyrus activity yet (PCA topographies show 100%
and 0% contribution, respectively). Then double-click into the heads to create one dipole
and hit Start Fit. The dipole localizes in the center of the simulated SMA activity. Note
that the SMA region was modeled with 4 dipoles to represent activity of a relatively large
cortical patch. Still it is possible to reconstruct its activity with only 1 dipole with near
perfect explanation of the variance.

mmmmm

tions Heip
pata|| [ P.CA

=T
Y
A

= | Al aff Al it Start fit] Sensitivity [4]

on
Fit

Dala Resiusl PCA-Dala (20f2) J.-. waveons

Fit Interval; +6062 . +103.92 ms

9. Release the Data button in the upper left corner to display the residual (i.e. unexplained)
activity only. Now mark a second fit interval to include the left-over residual variance.
Because the data is not displayed anymore, the PCA is computed for the residual activity
only. For the second and all additional fitting steps, this is our criterion for the selection of
the fit intervals. In this simulated example, there is only one additional brain activity, i.e.
no matter how long you choose the fit interval, it will result in one additional PCA

component with substantial contribution®.

6 The PCA variances computed for the residual do not sum up to 100%, but rather to the total residual variance in
the marked block
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[ BEsA - A\ _mulati
file Condition] Solution1 Fit Image Options Help Solution: Ne
Data Model Residual Data P.CA. EEG Res. Var. [ Enerqgy [ Min. Dist. Weight by Image Dip. 1 x-loc y-loc z-loc x-ori y-ori
T RegionalSourcezD avr Fillers off « |R.V.- 74.851% GFP| cartius |[ om o7 | os [ o0 | -0
org| |-99.59 ms +545.58 ms |~ |Best: 0.290% RC:1[— ]
i 108 oc free -
..................... [Model: 4 shell ellipsaidal
/’\ \ \ 4 | » | New solution 1 {(modified)
...................... Hid
Al b \ \ Cat -
| Al off] Al fit| Start fit Sensitivity [4] BrainVoyager
3 <
—
ol <
748%
2
0.0%
_ ! (!
Fit |
m @/L@b
: Z| . =
Residual PCA - Residual (2 of 2) ~|source waveforms ~source locations

Fit Interval: +108.25 _. +277.12 ms

—

10. After deciding on a fit interval, add a
second dipole by double-clicking into
the heads. Hit Start Fit to localize it into
the cingulate gyrus area. Note the vertical
orientation of this source, in agreement

with our simulation. The two-dipole model

now separates the activities of the two -~

brain regions. The source waveforms

reconstruct the correct time courses,

indicating the earlier activation of the

SMA as compared to the cingulate gyrus.
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ESA®

11. Open the Options menu. Currently the |Options| Help

default source type is set to Dipole (2nd
row). Please click onto this entry. When
you open the Options menu again, the
default source type has been set to
Regional Source. With this setting, a
the heads will

double-click into

automatically add a regional source as

opposed to a dipole.

12.

Regularization Constant: 1 %
Default Source Type: Reqg. Src.
Brain Voyager Source Plot Size: 45

Colors »

Reset Colors in Solution Shift+C
Hot Keys...

Preferences...

Reset All Settings to Default

To model the two simulated brain regions with a single regional source, switch off the

two single dipoles in the model. Double-click into the heads to insert a regional source.

Because it consists of three orthogonal dipoles, the corresponding source waveform

consists of three curves, each representing the source waveform of one underlying dipole.

Mark a fit interval over the whole time range of activity and hit Start Fit. The fitted

source location compromises between explaining the SMA and the cingulate gyrus

activity. The obtained residual variance is less than 1%, indicating that this source models

the data very accurately.

BESA - C\_mulations\RegionalSource2D.avr - Ca
file Condition] Solution1 Fit Image Options Help
Data Model | Residual Data

P.CA. EEG

el

Res. Var, [

Energy [

Min. Dist.

Solution: Ne'

Weight by Image RS x-lo y-loc z-loc x-0 y-or

Al

[+] RegionalSourcezD avr Fillars off « [R.V.- 0.621% GFP| carttus |[ om oo | o [ [
99 59 ms +54558ms|  |Best: 0.568% RC: 1
e e o B ot ac ree |
] —
.................... Model: 4 shell ellipsoidal
\ New solution 1 {modified)
..................... \ Hid
~| Allon| Allfit| Start fit Sensitivity vl BrainVoyager ® ®
— \\
?» €
/\ N —]
o3 <
; : Off ~
No fit
03%
Off 2 ’ ‘
No fit
®
on
Fit B
~
m»
=
(=] =
Residual PCA - Residual (2 of 2) ~|sou forms ~|Source locations

Fit Interval: +60.62 .. +264.13 ms

—
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13.

14.

The three mutually orthogonal dipoles of a
regional source models current flow in any
arbitrary direction in a certain brain region.
We get exactly the same representation of
activity if we rotate the axes from the initial
X-, y- and z-direction to new orientations
such that the 1st dipole of the regional
source represents the initial peak of activity.
To do that, double-click onto the source

Add Spatial Component at Cursor

Set Cursor Time: +39.59 ms

e
Van

Set Orientation 1 at Cursor [+]
Set Orientation 1 at Maximum Shift+1

oft| i | DefineTimeZeroatCuror
Mo fit Image

Display 3D Maps M

Fit Enabled Sources at Cursor F

Set Orientation

Convert to Single Dipole c
off v e Jl b
Nofit| U] Delete Source pel |

BrainVoyager Ctrl+B
on / !
At | X ;

AV
\ Jf

L/

waveform to set a cursor at the first peak (around 100ms). Right-click and select Set

Orientation / Set Orientation 1 at Cursor.

This rotates the regional source so that the
first of its dipoles points into the direction of
current flow at the cursor latency. Note that
as a consequence its source waveform
picks up all activity at the cursor latency; the
other two source waveforms show zero

activity at the cursor. The second and third

1 iroe_qgton e
R T O . T

]

$ S

dipole components are rotated with it so that they remain mutually orthogonal. The second

dipolar component is automatically set to model the largest current flow perpendicular to the

first source. As a consequence, the source waveform of the third component is flat in this

simulated example.

BESA Research 6.1 Tutorial
Copyright © 2017
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany

Page 94 of 318



BESA®

Tutorial 4 — Discrete Source Analysis

15. With the cursor still set at the first peak, you | © Voliase map-daia SRR =X
8l [ QU] ~[)] Palal"a"d] B%]a
can hit the M key on the keyboard (or right- | beatet) +09.50 ms

click and select Display 3D Maps) to view
the voltage topography at that latency. It
reflects the tangential dipolar topography of
the SMA region.

2:5

00

16. Use the arrow keys or the mouse to drag
the cursor to the second peak and .
observe the radial EEG map generated by

the cingulate gyrus with the large central

negativity. Close the source analysis ‘
window without saving the solution.
E. Fitting Regional Sources in Real Data

We will now use regional sources instead of single dipoles to reconstruct activity in our real

auditory intensity dataset.

1. We will now return to the dataset (I Z
Edit View Filters Montage Process ERP Artifact Search Tag

y Wh|Ch Sh0U|d Open... ctrl-O
Cl
still be available at the bottom of the File C.EEZ A

. . . Recent Files... 4
menu. If it is not, please select it pressing

Load Channel Configuration...

. Left_drag a block Head Surface Points and Sensors v
) ) MRI Coregistration...
in condition Low, right-click to send it Export..

into Source Analysis with settings =50 to send to MATLAS.
Import and Convert ASCII File...

250 ms, a Low Cutoff filter of 0.5 Hz, 12 Print..
Print Preview

dB/oct, zero-phase shift, and a High

Exit

Cutoff filter of 40 HZ, 24 dB/OCt’ Zero- v 1C\.xamples\ERP-Auditory-Intensity\All_Subjects_cc.fsg

phase.
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2. Press the PCA button to display a T

principal component decomposition of the

data. Condition Low is dominated by one

large PCA topography, mainly _7,,_-;_,_ S :;/ ~| / |
representing the N100 activity. Create an =~ | et
initial source configuration with two — —— 4 ‘

sources by double clicking onto the right

and left head scheme.

3. Asregional sources can explain activity in
up to three brain regions at the same time
we can expect the two sources to model
the three main components in the auditory
cortex area (P50, N100 and N150).

Therefore, we will not set a short fit

interval comprising only one component,

but rather mark a fit interval over the activity range of these three AEP components. Drag
the cursor over the source waveforms to mark the interval from 40 ms to 172 ms. You
may set the interval by right-clicking and selecting Set fit interval. Press All Fit and
Start fit to fit both sources simultaneously. Use the arrow buttons in the source waveform

box to adjust waveform scaling.

4. The sources are quite symmetric with a _ ]
RS 2 x-loc y-loc z-loc X-ori y-ori
slightly more anterior source in the right ¢t L ew [ e o= -

hemisphere. As stability might be much

worse in individual data, we will impose a
symmetry constraint on the source

location again. Activate the second

*
source by clicking onto its waveform. In N _/<)
the upper right box, select symmetric to
from the drop-down menu next to Loc.
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5. Press All Fit and Start fit again. Note that
the residual variance (Res. button needs
to be pressed to view this) and the source

waveforms only change marginally.

We want to identify the direction of current
flow of the N100 component. To do so,
activate source one by clicking onto the
Set

source. Right-click and select

orientation / Set orientation 1 at
Maximum. This rotates the source such
that the peak around 100 ms is now fully
accounted for by the first component
(source waveforms for orientations 2 and

3 are now zero at this latency).

Al oft| Allfit| Start fit]

BESA Research not only sets the first orientation, but also automatically adjusts the

second orientation of the regional source to explain the maximum activity perpendicular

to orientation 1 in the whole time interval. Thus, the second orientation accounts for the

N150 component (second largest component). The orientation of N150 is close to radial

and reflects current flow at the lateral surface of the supratemporal gyrus. Alternatively,

the second component of a regional source could be set at a specified latency by double-

clicking to set a cursor, right-clicking and selecting Set orientation / Set orientation 2 at

Cursor.
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Al oft] A it Start fit Sensitivity £ |

7. Next, we will orient the second source as
described in step D6. If necessary, Right-
click onto its waveform and select Set |
Orientation / Invert Orientation 3 to

make orientations of source one and two [%

consistent. (This 2-source model has
been saved in file LowIntensity 2RS.bsa.
You may load this file from the menu entry

File / Open Solution.)

8. Let us compare the solution using = = = o

regional sources with the solution using g | A :
single dipoles we saved earlier on. Please ../ - & )

press File / Open Solution and select
Release ——f¢ =—

the Data button to only display the & S

residual variance. You can toggle

between the two solutions using the arrow == SR T o
buttons in the top left corner of the head 1 N
scheme field. Note again that the single ‘jﬁ i A

LS e e i i
dipole solution does not explain the P50 ~——_ "\ = r% ) (€aoa
and N150 components, while the regional % | A

(==t =it
source solution explains all activity from Vwﬁ c
the temporal region very well.
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INTRNT]

9. Make sure you switch back to the regional ‘_m;w Top View of Data
. e — Whole Segment
source solution and minimize the source i
— 7 A
analysis window (don't close it) to return ——f~——+"  Linear Correlation
i i . —_—t Source Analysis
to the average data in the main window. 5 ,
v Define as Epoch
Select condition High and send it to ——f——  DefineasArifac
I . h h . m”—”“—”“’n Write Segment
source analysis with the same settings as A Copyto Buffer ,
the Low condition by left-dragging a -~  Define Arifact Topography
block, right-clicking and selecting the : Epoch: -30.0..250.0 ms, Filters: 05 - 40 Fiz
———’y\/ Epoch: -100.0..549.5 ms, Filters off
according entry at the bottom of the ——f——v —
dialog. i

High: 10 avs Difference: 10 avs

i | 10.0
sct: Off Bad: 0 -
10. If the Data button is still released and the = = == & =)
Residual button is pressed we can -
immediately see that the source solution S ‘ =
that explained the data in the Low al r o
condition very well is not satisfactory in -
the High condition. P4 E=
11. Mark a fit interval from 68 to 200 ms that
covers the unexplained activity. Double- =
click into the head schemes to place a f Z
third regional source. Press Start Fit. ;f‘; \ G
), (14
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12. Right-click on source waveform 3 to set | ¥ stndardvi = |
’ 8] QT 0k els %] 4

Sag Cor

orientation 1 at the maximum or hit the O
key, the short cut for this action. Scale
down the source waveforms if hecessary
by using the arrow buttons in the bottom |,
right corner of the source waveform field.
Right-click on the source waveform and

select Display MRI (or press the A key).

R

Press the 5 button to change to multiple
view. The third source localizes frontally, representing activation in the cingulate gyrus or

frontal cortex. Close the standard MRI window.

13. Switch back to condition Low by using the {5 = == = o
- od § 3
arrow buttons in the top left corner of the e
]“' e = Ryt \
channel field. Note that the ACC/frontal .. —— A Z
H H . .. I S ) A
source is silent in the Low condition. Its AAwaR
presence does not alter the source |
waveforms of the auditory sources. You = (@ 1(. (€4 % )

can probe this by switching the frontal
source on and off. Close the source
analysis window and save the current
solution as

(This source solution has already been
saved as Highintensity 3RS.bsa.)

F. Independent Component Analysis (ICA)

ICA components can be used in the Source Analysis window either by sending ICA
topographies directly from the main window or by loading an ICA topography file (*.ica) in the
Source Analysis window (File / Load ICA components). Please note that ICA decomposition
is not computed within the Source Analysis window. The Source Analysis window must be
opened before sending ICA topographies. The channel configuration of the ICA components

and the data in the Source Analysis window must match. When ICA topographies are available
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in the Source Analysis window, the ICA/PCA toggle button is set to ICA. A waveform for the
data-segment available in the Source Analysis window is reconstructed for each ICA
component. The amount of variance each ICA component explains is displayed to the right of
the according waveform. Additional ICA components can be appended to the ones already
present in the Source Analysis window by pressing File / Append ICA components. One or
more ICA components can be selected by using the shift or ctrl-key and left-clicking in the ICA
component labels. Right-clicking on one or several selected ICA component labels opens a
menu with several ICA-related options:

Switch off/on ICA component(s)

Selected ICA components are ignored in the Source Analysis window. Their labels and
waveforms are grayed out. If data are sorted by the channel order, un-selected ICA
components are automatically sorted to the bottom of the waveform panel. This can be helpful
when many ICA components are sent to or loaded in the Source Analysis window. Un-selected

ICA-components can be switched back on.
Add selected / all ICA components to solution

One spatial component, corresponding to one ICA topography, per selected ICA label is added
to the source solution. The absolute position of the displayed dipoles should not be interpreted
as an accurate location, as it is located at the center of gravity of the according map. The
source waveform associated with the spatial component is displayed in the Source Waveform
panel in the middle of the Source Analysis window. Spatial components are the preferable
choice for modeling artifact topographies in a source solution (rather than performing source
analysis on artifact-corrected data). Spatial components can also be useful if parts of the signal
are to be explained that are not of primary interest to the research question in order to reduce

the amount of variance that needs to be explained by discrete source analysis.

Tutorial 8 (Source Montages and Artifact Correction) will demonstrate the use of ICA-

components in the source analysis window.
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G. Conclusions

General guidelines for source analysis

We can conclude this tutorial with the following general results and guidelines:

1. The idea behind source analysis is to place or fit sources into the brain at all regions
contributing to the data. Localization/fitting is hypothesis testing: The computed source
waveforms separate the modeled brain activities and answer the question if and when
activity takes place in the modeled brain region. Thus, BESA Research reconstructs the
brain activity with high temporal resolution.

2. Synchronous activity over several square cm can be modeled by a single equivalent

source.

3. Sources that are close together, have the same orientation and synchronous activity are

indistinguishable.

4. Sources that are close together but have different orientations and non-synchronous

activity can well be separated by a discrete source model.

5. Source waveforms are relatively insensitive to variations in dipole location. Therefore, a
single regional source can accurately model activity of multiple gray matter patches in its
vicinity. Regional sources should have a mutual distance of approximately 3cm or more

between each other to prevent crosstalk of their source waveforms.

6. Regional sources tend to provide more reliable solutions in noisy data as compared to
single dipoles, because during a fit of a regional source only its location needs to be
determined (no orientation has to be fitted).

7. Very often the brain responds to a stimulus with bilateral symmetrical activation. Therefore,
a pair of symmetrical regional sources is often a good initial source configuration. The

resulting source waveforms will then indicate if the activity is really bilateral.

8. The criterion for a good source model is not solely the residual variance. Rather, the

following criteria should be met:

e The source model should be in agreement with proven knowledge about the underlying
brain activity (e.g. bilateral activation of the auditory cortex after an auditory stimulus

as opposed to a single central brain area).
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The source waveforms are an important indicator for the quality of a source model:
When the time course of the obtained source waveforms for a (pair of) source(s) are
distinctly different from those of other sources, this indicates that the corresponding
source correctly models distinct brain activity. On the contrary, when two source
waveforms show nearly the same time course, it should be checked if they pick up
activity of a brain region that is not part of the model, rather than truly modeling brain
activity generated at their source locations.

PCA can be helpful in determining the minimum number of sources required to

adequately model the data.

What does BESA Research provide?

Although source analysis is the core of the program, BESA Research provides comprehensive

and excellent tools for complete data analysis. This includes among others:

Data review and mapping

Preprocessing: Paradigm definition, artifact detection and correction
Averaging

Traditional ERP analysis

Interactive source analysis and source imaging

Coregistration with MRI/fMRI

Time-Frequency and coherence analysis

It is recommended to perform preprocessing of your raw data with BESA Research, to secure

that your averaged files match the quality requirements for source analysis. This is not

guaranteed if you import averages from other systems.

What should you provide?

Independent of the analysis capability of the software, good analysis results also depend on

the experimenter. Make sure to:

Define the goals of your experiment/measurement
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e Acquire data of appropriate quality
¢ Understand the basic principles of source imaging
e Utilize knowledge on brain anatomy and function

e Appreciate the limits of source localization. For example, in data with low signal-to-
noise ratio, source fitting might not provide reliable results. In that case, it is preferable
not to fit dipoles at all. Rather, the source model can be created by seeding dipoles or

regional sources into the brain based on knowledge e.g. from anatomy or fMRI.

e Do not try to determine parameters if they cannot be estimated reliably (e.g. dipole

localization in depth)
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Tutorial 5 — Coregistration and FEM Modeling

What does BESA Research provide?

v" Coregistration with and without individually digitized electrode positions

v Direct integration with BESA MRI

(0]

(0]

(0]

(0]

(0]

Loading MRIs in DICOM, NIFTI and ANALYZE format

Guided definition of landmarks for AC/PC and Talairach transformation

Automatic inhomogeneity correction
Automatic segmentation of skin and cortex

Automatic setup of 4-layer FEM model

v Display of individual cortex and skin in source analysis window

v" Source Localization with Individual FEM Model

BESA Research 6.1 Tutorial
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A. Introduction

Coregistration of EEG and MRI data allows mapping a source position to an actual cortical
area. Without coregistration it can only be roughly estimated, which cortical area a certain x-y-
z position corresponds with. Further, individual anatomy can be used for seeding sources or

verifying source localizations.

When EEG and MRI data are coregistered using BESA Research and BESA MRI, data are
transformed into a coordinate system, which is based on internal landmarks of the individual
subject. First, a transformation into the AC/PC (anterior / posterior commisure) coordinate
system is performed. Data are then transformed into standard Talairach space. This ensures
that the same standard coordinate space based on individual anatomical landmarks is used
when different subjects are compared.

Using the same standard coordinate space based on internal landmarks is essential when

source localizations are to be compared across several subjects
a. between two groups of subjects (e.g. patients vs. control subjects).

b. at two measurement time-points within the same group of subjects (e.g. pre vs. post

treatment, test vs. retest).

Ad a. Anatomy can vary considerably between subjects and a different x-y-z localization in two
people can still be in the same anatomical region. Not taking individual anatomy into account

when constructing the coordinate system would disregard this fact.

Ad b. If an EEG (and more so MEG) is measured at two instances in the same subject,
electrodes (MEG sensors) are likely positioned slightly differently at the two instances. Here,
not taking individual anatomy into account when constructing the coordinate system can lead

to higher variance in source localization within the same subject.
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The above image illustrates the variance of Heschl’s gyrus positions across 15 subjects. The
PAN (PreAuricular points + Nasion) coordinate system is based on the fiducials only without
using any internal landmarks. The same (!) positions are displayed in the AC/PC coordinate
system on the right. It is apparent that the variance across subjects is greatly reduced merely

by using internal landmarks when defining the coordinate system.
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The reduction in variance using the AC/PC

Left hemisphere Right hemisphere

coordinate system compared to the PAN is

"
B
"
R

statistically significant (see image on the

"
=

right). The effect is particularly prominent
in the right hemisphere (p<0.0001), but
also apparent in the left hemisphere

©

Distance to the mean point in mm
EN

Distance to the mean point in mm
S

(p<0.05). This illustrates that it is important
to use the individual anatomy for defining ° ’

the coordinate system whenever possible. Coordinate system Coordinate system

Usually, good coregistration depends on digitized electrode positions in order to precisely fit
the measured electrodes to the skin of the subject (as segmented from the MRI). Using BESA
Research and BESA MR it is possible to coregister EEG with MRI data even if no individual
electrode positions were digitized as long as there were some electrodes that coincide with
positions of the standard 10-10 system. The idea is that as long as some standard electrode
positions are known in a subject, positions of other electrodes of the 10-10 system are also
known and can be used for coregistration purposes only (not for any signal analysis). This

procedure makes coregistration much more precise than only relying on fiducial positions.

B. Starting the coregistration of EEG and MRI data using BESA Research
and BESA MRI

In the following, we will coregister the EEG data of subject S1 (Auditory Intensity Experiment)
with an MRI image using standard electrodes, as we do not have individually digitized

electrodes available.

BESA Research 6.1 Tutorial Page 108 of 318
Copyright © 2017
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA® Research 6.1
Tutorial 5 — Coregistration and FEM Modeling

1. In BESA Research please open dataset [Els=oaeric S T

Lookin | | ERP-Auditory-intensity - cacE
S1 av.fsg (located here: 2o |name . Dotemodiied -
- All_Subjects_cc.fsg 09.12.2009 13:35

RecentPlaces

C:\Users\Public\Documents\BESA\Rese = L slbaig SURERESE

S1_av-test.fsg 10.11.2011 20:01

R S1-blink+ERP.fsg 18.05.2005 16:19 -
arch_6_1\ExampIeS\ERP—Audltory- 2 52.avfsg 130520051355 |
,H S2_av-test.fsg 10.11.2011 20:08
Intensity). Press File / Head Surface 1!& S 12209 1208
. i Computer S5_av.fsg 03.12.2009 12:08 | |
Points and Sensors / Load Coordinate @ 56 avifsg 03122009 1207
4 S7_av.fsg 03.12.2009 12:06 iy
Network < ] D

Files (or press ctrl-L).

Fiogzme [s1_avisg ~| Open
Files oftype: [Current File Type (*1sg) =] Cancel

Folders: [Data Falder |

2. Inthe section Digitized head surface points

Ihermal ders e siomenan
Dete file 5. )\S1_mvieg
Fomt BESAS0G 0002, Dastsbase fe: D000IDT4 et
B No. of chaanaie: :: 31 siscuries; | polygreghic J
press orowse. e e
Ha® EEG. you musi use coordinaas!
Suggesians
Please erier slectude hickness.
Ye: No Fienemefownd
Chanmel configurstion ") —
c e Cond Browss. Ear
Digized head suface points (sip.*ep=) ond labels [sir) e
- @ Goad Browss. Ede
c & nalebelile Goad Browse Edt
Elodiroda tickness (). [1.00
Coregistretn e "+ or head certes " cat)
- & nofila Goad Browse. EdiljCoreg
MEG sensors " pos,* prg) =i
c & Goaa Edit
Aritoct caeficients (" .~ o)
e T ™~ [ Eromse. Ea
Cear DB Cloer Everts dee | [ O ]  cames

3. Under Directories please select the option )

Lookin: | | StandardElectodes ~| esmckE-
Standard electrode folder. B, Name - Date modified
~p &) BESA-MRI-Standard-33-Electrodes.sfp 1412.2010 18:40
RecentPlaces o peca-MRI-Standard-Electrodessfp 14102010 14:54
Deskiop
=
Libraries
iy
Computer
w
Network < m 3
File name [ ~| Open |
Files of type: [surtace points (" sfp) ~]| Cancel
Directories [standard electrade folder ~]
Channel directo L —
Standard electrode folder T R rr—
Data direclory
| C\\.5_3\Montages\Channels\StandardElectrodes\ ) |
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Select the file BESA-MRI-Standard- [Eliosdsusserens
Lookin || StandardElectrodes ~| eBEcEr
Electrodes.sip and press Open. It 2. [Nome = Date moiied
“‘7 - ->tandard-ss3-tlectrodes.st 1. X
contains 96 standard electrode positions. | @ [E S s S s ir
Desktog
Some of the S1’s electrode names match _|
[
. . . Libraries
the labels in this standard electrode file so A
Computer
BESA can match them. @
Network < [ | »
File name: [BESAMRI-Standard Electiodes sfp ~| Open |
Files of type: [urtace points (*sfp) ~] Cancel
Directories [standard electrade folder =]
7 |

The other file (BESA_MRI_Standard-33-Electrodes.sfp) contains 33 standard electrode
positions. It is not suitable for us as none of the electrodes that were measured in subject S1
have names that coincide with the 33 standard electrode names. Thus, BESA cannot match

P OK tocl the dial et e e |
4. ress O Close the alalogue. =TT
Dies file: C\Users\Publici D 1.5 _evisg
| Format BESA G 060002, Daisbase fle: 00000074 st
|| | Mo of chonnels: 32-- 31 eleciodes 1 pobygrephe J
detaie
¥a" cls il defines EEG you musiuse 15-10/10-20 ikl ar supply digiized coardinstes!
Suggestions
Flaesa enter elechode tickness
Yes Mo Filnemefound
Chamns corguration (6l7) -
(ol @ Gaod Browse. Edit
Oigitzed head surtace porns (s, ~eps) and labels Csin) T T T
& [CAUsers\PubiciDacuments\BESAResearr  found: units: mlimeners Gaod Bowse. | Ea
c & kD Good Biowse. Edn
Elechode fickness (o} [0
1h) o head cenler (* cof .
co& na s [Gad Brovse. EduCorg.
ME sensars ('pas, *pmal -
c & D Gaod Edn
Arifact cosficierts (ot 4or) e
C ® Gaod Browse. Edit
g —
Cempa | CleaEvens v () o
—~—
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5. Press V on the keyboard to bring up the
surface points window. The 96 standard
electrodes are now displayed. Those
standard electrodes whose labels coincide
with S1’s electrode labels are marked red.
Please note that the grey standard
electrode positions are merely used for
better fitting the electrodes to the subject’s
skin. They do not carry any signal. Close

the surface points window.

6. Press File / MRI Coregistration.

7. You will be prompted to create and save an
* sfth file, which will be used to store all
coregistration information necessary for the
interaction between BESA Research and
BESA MRI. BESA will

suggest the filename of the current subject

automatically
plus the extension Confirm the
suggested name by pressing Save.

BESA Research 6.1 Tutorial
Copyright © 2017
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany

| Genter (mm):-1.2 2.3 39.6 (using head coords: override: \S1_av.sth)
Head radius (mm): 93.07
| Electrode thickness (mm): 0.00

File| Edit View Filters Montage Process ERP Artifact Search Tags

Open... ctrl-0O
Close
Close All

Recent Files... 4
Load Channel Configuration...

Head Surface Points and Sensors 4
MRI Coregistration...

Export...
Send to MATLAB...

Import and Convert ASCII File...
Print...
Print Preview

Exit

v 1C\.arch_5_3\Examples\ERP-Auditory-Intensity\S1_av.fsg

] wiite sufoce pants for covegsuatir

« BESA b Research 5.3 » Examples b ERP-Auditory-Intensity

Organize »  New folder

5 Recent Places  *

L. testordner

| Examples

4 Dropbox =
My Documents

Date modified Type Size

I Desktop
d Libraries
R b2
& Computer
& SYSTEM (C)
s DATA (D) =i i

File pame: -

Save as type: Sfh Files (*sfh) -

 Hide Folders

Save Cancel
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8. BESA MRI will open. Press Accept in the

BESA® Version 2.0 March 2016
welcome screen. Important note: do not MRI et pracleting, cermany
close BESA Research! ——
Please make sure that the data folder is set ot e st

re directly or indirectly for medical di dior reatment

to the BESA MRI Example projects folder
For research use only!

(File / Select Data Folder). Ploase foad he User Namuelhetore Trat use

Ifyou accept the licensing conditions, click

9. New coregistration project is started =--==" -
automatically. Press Next on the bottom = oo

iR

sue

e Pubcinls

right (or hit the space bar).

T Mt oo b e trge 05 chiemd o e kB
T e U S0, o 3 Skarh RGeS I S50 DAL 1 ot Ray 0. Nt B

Fat oy b 103 deasistion of s Cotegstitin Vi

10. Press Select Input Project in the o ®
)
interaction window. Please note that the n BESA

segmentation of the subject's MRI has

Select Input Project |

already been performed and pre-saved in ’

order to save time. @

=
Select Nasion

Set Nasion

| |
| Set Left Preauricular Point |
| |

Set Right Preauricular Point
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11. Choose the project MRI_T1 of subject QC. | 0snerea =
[ Subject . | Birthday [ Project
Press Open.

. | Date Modified
@ Qc 01.04.1946 | |© MRI_T1 28.02.2013 15:19:28

Selected Subject: |QC (1946-04-01) [ open |
Selected Project: MRI_T1

Project Type: [

ion Projects

Cleesamm 10 f

Fle Edt View Help

Set Fiducials

surfaces as indicated in the head scheme. | ..
Press Next to continue. S

12. Mark Nasion on the segmented skin

Sat Nasion posfion by @ singhs chck on the 3D surface
o confitm position, type Space oc Enter of press Next or Set Nasion.

Het: Mackar

13. Mark LPA (Left preauricular point) as
indicated in the head scheme in the
interaction window. In this subject LPA
position can be identified quite well by the

shadow that is cast in LPA’s dent. Press
Next to continue.
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14. Mark RPA (Right preauricular point) and

Fie E3t Vew Hep

. P ") BESA
press Next to continue. Wortow Ovon = ——p
e e T
Set Fiducials mmﬁr g S
[ —

‘St Right Preauriculas Point by 8 singe chck on the 30 surface. -
To confiem position, type Space or Enter or prass Next or Set Right Preauricular Point

Hint. Markar

g .

[Provous (el

15. All fiducials are now positioned. Press Next

Pu o v
Set Fiducials

. Sodww

to continue. Wt O 5

et Progect Targsts v

Surtace Poinl Coregstton

ot Fuduciats

Fiduciaks hawe been sat s0ccs

""" ek BS s Mt b Prowows | [ted ]
16. Press Select Coregistration File to load [FuisiTssssimsmmnars

Fit Surface Points

the S1-av.fsh file we created in step C7. It | o

Worktow Ovndew

is located in the Examples” folder under e -
Auditory Intensity. Press Open.

Name Date maairec
£ 5Lavsth 180220021738

r
Sees

f a N
RecertFokien |G\ Ansmmrch5. IExmmplen £ 930 vkt

Type Space or press Next or Select Coregistration File to saiect 1 carequairabon fla
contarng ekctrode posBons aic
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17. We can see the standard electrodes we

) i R it BESA
loaded in step C3. They do not optimally fit = | ... = r—
the head surface, as the initial fit solely | ===~ - o

attempts to match the fiducials we defined
in steps C12-C14 and the

information in the sfh-file. Press Run

fiducial

Surface Point Fit to optimally match the

standard electrodes to the segmented skin.

18. Now we achieved a good fit between the

Fie E0t View Hep

F# Surtace Points

Surfaca pomts have been loaded successtully from C.
5.

InlonsityS1_awsth

aust f needed 1o

Distance (in men) of

diqgitzaion point from skin
Fuciots < 003
< 00
< 003
< 003

Eloctrodes
MEG cols
Sion ports.

Fle EO Vaw ol

Fit Surface Points
standard electrode positions and the | ... =
segmented skin. Press Finish. o
19. Please save the coregistration project |[seeroeaa .

Subjects Projects I

under the suggested name.
Selected Subject: | P300-Auditory (1945-04-01) [ save |
Selected Project: | EEEEN T D RS
Project Type: Coregistration Projects -
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C. Utilizing the individual anatomy in BESA Research

to BESA Research. All

coregistration information containing

1. Return

surfaces and transformations have
automatically been sent to BESA
Research. A green arrow indicates
that all
available. Press OK.

necessary information is

Let us now send the condition 60 dB
to source analysis by left-dragging
a block, right-clicking and selecting

Source Analysis.

Select the custom definition -50 to
250 ms, Low Cutoff Filter 0.5 Hz, 12
dB/Oct, Zero Phase, High Cutoff
Filter 40 Hz, 24 dB/Oct, zero phase.

Press Source Analysis.

Our source model consisting of 3
regional sources will automatically
open as we saved it per person in the

batch created for tutorial 6.

BESA Research 6.1 Tutorial
Copyright © 2017

Coregistration with Mi ==

|| Coregistration fil
Mo coregistrationfile ¢ sth) defined

Surface coregistration file ¢ sth. *bhm),

Besa Rl Il

v

Select MR prag

Talairach-ransformed brain surface mesh ("
’7|D \BESA MRI Demo\BESA MRl Shared P300-Auditory_1 9450401 \MRIFiles®

I\SLav sth Browse.
Talairach tal

’7| Fead from sih file Browse. ‘
Talaira MR file ()

’7 DABESA MRI Dema\BE SA MPI Shered\P300-Auditory_1 9460401 {MRiFies O Browse. ‘
Talairach-ransformed head surface mesh (-

’7 D:\BESA MPI Dema\BESA MPI SharedyP300-Auditory_1 9460401 \MAIFies’ Ok BlmEs ‘

ok

Coordinate
’7Ta\awach coordinates defined

Help Cancel

M

Block Size and Position

Filter Setting

 Whole Segment

@ Custom Definition

~ | Previous

Settings

1) (ms) pre-Event

250  (ms) post-Event

[~ Al Conditions

Low Cutoff

Status [V Enabled

Frequency [05 [Hz] Slope [12 dbjoct ¥ |

Type [zero phase ~ |

High Cutoft

Status [v Enabled

Fieguency 400 [Hz] Sloge [24dbjoct v |

Tupe [zer0 phase v |

Source Analysis |

SetBlock |

| Eile Condition 1
| Data

Solution1 Fit Image Options Help
Mod. | Res. | ||D|] | PCA
G0dB: 64 avs Fillers: 0.5 -
+252.00ms|—|Best. 0.840%

.

36005 64 o, e 05 40 e, 451252 s Sonsce oy

Solution; C: 5

Res. Var.| Enerqy |Min. Dist. Image |[uode
RV 3.058% GFP|

EEG
A0 Hz ~
™ RC.1

4 shell ellipsodal

SLavesa |

=l
head  scalp  bone sl
R /Thickn <[ 330679 [ 60000 | 70000 | 10000

brain__scalp bone  esf

Org| L-48.00ms
it
|Conductivty: | 03300 | 03300 | 00042 | 10000

. = .
FE2 i . = EEG 4|
All off] All fit| Start fit] CLAM# BY Hid

<]+ ]S1_avbsa

ez W sioms: S Nofit]

e o o,
r!r-—v/\/——-;

7 —on~ AC_Right

) = g g ) i
vm——/\/’-m-—

e | = o=
0z e~ | | é—

=18 i' =

Data (1-16 of 31) ~|source wavetorms ~Isourca locations -

| Nl
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5. Press A on the keyboard to bring up |5 el SEERIEERES e oo
the individual anatomy of the present  esi = e feese e N
| ﬁ - - o o T oo
subject. Since we coregistered the |« ~ B T P W
ndiidual | <=/ (=)
EEG and MRI data, the individual | o—o/~—— Z(b’“f < g
Nﬂc on AC Left s
1 H H = Head ! Transparency. 100% =~
MRI is now available. Without S ol LS
m'\~/\/~—~ Individual MR ERCH S
. . or [Ton_ ACRight | 9] 11+ i) Wil ¢l
coregistration, only a standard MRI sk *
P10 ———\ S e R
can be displayed. S el R B
e o |
nak—/\/_——\: ‘

6. Select the first source by clicking on Zg}",:j",;j:‘,,“fw TR 7
its source waveforms in the middle
pane and enlarge the MRI window to
get a better view. It can be seen that
the source model we created using
the grand average is located in the

auditory cortex of subject S1. The

model can still be optimized,

however.

7. Let us first drag the red regional [ st SREmEnt SRl i s e -
source to left Heschl’s gyrus. You will g*‘“*ﬁ‘@ﬂ%@ o
notice that the position of the right
auditory  source  (blue) also
automatically changes position, as | L
we imposed a symmetry constraint. |
We will now change this constraint
back to free.
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8. Minimize the MRI window and select |- s St - i
| Do Mod.| res | o | Poa peca s Ve Evrys Tt Oit_mmge 2;5'3: o e e Q_’z_';"
. . . q» 64 avs Fiters: 05-40Hz aJR V. 413% 057 |-004 |004 | 00 |-04 |08
the blue source by clicking on its uﬂ el e (TS o
source waveform. From the drop- ﬁ ---------------------------------------- ™ o eee
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9. Now let us move the blue auditory [FF < e REEEEIEREREERRAT A o e
cortex source to right Heschl’s gyrus. gﬂg}iﬁd@ ataitial 44
We now see a slight asymmetry in
this  subject with the right
hemispheric source (blue) located [l
more anterior than the left-
hemispheric source (red). Please
close the MRI window.
10. We have now optimized the |25 e
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sources based on the subject’s
individual anatomy. What we still
need to do is to refit the orientations
of the regional sources based on the
new positions. The blue source is still
selected, so simply press O on the
keyboard to set the first orientation at
the maximum of the activity. Repeat

for the red source.
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We are now finished optimizing our source model based on the individual anatomy of

the subject.

D. Individual FEM Model for Source Analysis - Introduction

Localization precision can further be increased by using a volume conductor model that is

also based on the individual subject’s anatomy.
When is localization precision critical? For example...

¢ When the precise position of a source is the leading research question
o Localization of epileptiform activity

e Comparison between patients and control subjects regarding the brain region involved

in a particular cognitive task

¢ Investigation of treatment effects on source localization

In BESA MRI, T1 (and optionally T2) images
can be used for creating individual, realistic
head models using the finite element method
(FEM). The model will consist of four

compartments, scalp, skull, brain and CSF. ,
Each compartment is associated with a specific conductivity value (scalp 0.33 S/m, skull
0.0042 S/m, brain 0.33 S/m, CSF 1.79 S/m).

BESA MRI creates a 4-shell FEM model also containing a CSF compartment. Modeling CSF
is critical for source localization precision as it is yet another layer with a specific conductivity
in addition to brain, skull and scalp (Baumann et al. 1997). Ignoring CSF leads to wrong

assumptions about the origin of the current (Ramon et al. 2003, Wendel et al. 2008).
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When current flows through a volume, it
will change direction whenever it passes
a new layer with differing conductivity

(see image on the right).

In principle, the head model can consist
of even more than four layers. The skull,
for example contains at least two
different tissues with differing
conductivities. However, this would
mean that head model generation
becomes more complex, less automated
and more heavy on computation.
Additionally, MRI data quality needs to
be exceptionally good to model all the
different tissue types and the combined
use of T1, T2- weighted MRIs as well as
CT data is vital. We will see in the
following that a four-layer model leads to

very good results.
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10

Localization error / mm

0

The above image displays source localization errors when using a 3-shell model (scalp,
skull, brain) neglecting CSF (a) and when using a 4-shell model including the outer CSF
layer between cortex and inner skull (b). It is apparent that including CSF in the forward
computation drastically reduces localization errors. Optimally, the CSF-filled ventricles
should also be modeled, yet BESA Research requires a homogeneous volume without gaps
for source analysis. This is why only the outermost CSF-layer is taken into account’. As the
outer CSF layer is the most critical for source analysis precision, localization errors caused
by un-modeled ventricles are negligible.

Once the FEM model is built, a new leadfield table needs to be computed for the individual
forward model and the current electrode layout. This is done during the last step of the BESA
MRI coregistration dialogue®. This means that the magnitude of the signal any source inside
the head will contribute to each sensor must be calculated anew based on the individual FEM

7 BESA MRI models all CSF, BESA Research only uses the layer between cortex and inner skull.

8 Currently, leadfield computation for FEM models created in BESA MRI is only possible for EEG data. MEG
leadfields will soon be available, as well.
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model. The computation can take several minutes, depending on the number of electrodes in

the electrode layout. A grid resolution of 2 mm is assumed.

Individual FEM models that were created in e =l
BESA MRI are available in the head model :
drop-down menu of the BESA Research

4 shell ellipsoidal

source analysis module after coregistration.

By using a FEM model, the forward model for source analysis is tailored to the individual
subject and in consequence the inverse solution can become more precise (Vanrumste et al.
2002, Roth et al. 1993, Cuffin 1996). This is especially true (a) for sources in brain regions that
are not described well by a spherical head model (e.g. basal temporal lobe); (b) when individual
heads show deviations from the norm (e.g. lesions). Thus, if the research target is to achieve

maximal localization precision, an individual realistic head model is strongly recommended.

The segmentation algorithm and FEM model creation were developed in cooperation with the

research group around Dr. Carsten Wolters (Minster).

E. Coregistration with Individual MRI and use of FEM Model for Source
Analysis — Hands-On

In the following, we will coregister an individual subject's MRI with their EEG data that were
recorded in an auditory oddball experiment. We will see the improvements in source
localization precision when using an individual FEM volume conductor in contrast to a 4-shell

ellipsoidal model.

The data we will be working with are located in the BESA Research examples folder “ERP-
P300-Auditory”. During the oddball experiment, standard and rare tones were presented that
differed in frequency. 160 standard tones were presented at 1200 Hz, 40 rare tones were
interspersed at 800 Hz. The subject pressed a button with the left index finger whenever he

heard a standard tone.
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1. In BESA Research, open File
RareFrequentResponselLeft.fsg
located here:
C:\Users\Public\Documents\BESA\Re
search_6_1\Examples\ERP-P300-
Auditory.

2. The file contains 3 segments containing
average data of conditions Target,
Standard, and Hit. We will be working
with condition Target, as the condition
only involved listening to tones without

any button pressing.

3. Press File / Head Surface Points and

Sensors / Load Coordinate Files.
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Libraries
A
Computer
@
Network < | m | »
File name |RareFrequentResponseLeitisg -] Open I
Files oftype |BESA Binary Files (*foc. " fsg) -~ Cancel
Folders [Examples Folder | 4

File Egit View filters Momtape Process ICA ERP Amifact Search Tags Gow Optioms Help
F|Fe|wrs | SAV |30 MG | ERP | DSA | ICA [[Rec Wir | Src | Usr | Opt | EdM | LF | HF | NF | EdF | EEG

Eree

B p—

o |

B
B

Edit View Filters Montage Process ICA ERP Artifact Search Tags Goto Options Help

Open...

Close

Close All

Recent Files..

Load Channel Configuration...
Head Surface Points and Sensors
MRI Coregistration._..

Export..

Import and Convert ASCII File...
Print_.

Print Preview

Exit

cri-o || Sre | Usr | Opt [EdM| LF | BF | NF | E

v View v
View All shift-V
Load Coordinate Files... cri-L
Save all files in Head Coordinates..
Save all files in Device Coordinates...
Save Electrode File for Current Montage

¥ 1CAles\ERP-P300 ¥

li

Page 123 of 318

www.besa.de



BESA® Research 6.1

Tutorial 5 — Coregistration and FEM Modeling

4. Press the second Browse button (for
Digitized Head Surface Points) and
choose file P300-Aud.sfp. This file
contains individual digitization points of

electrode positions. Press Open.

Press the first Browse button (for
Channel Configuration) and choose the
P300-Aud.ela the

file containing

electrode labels and channel

specifications. Press Open.

Instead of standard electrode positions,
we are now going to use the digitized
electrode positions of the subject. A
green arrow should be present indicating
that all necessary channel information is
available.

In the same dialogue, press button
Edit/Coreg. to start coregistration of the
EEG data with the individual MRI.
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7. You will be prompted to save an sfh-file [cammssets

f ool | = BESA » Research 5.0 » Examples » ERP-P300-Auditory ~| é3 N Search Erp-P300-Aucic.. P
that will store information about the | “" "~ : e
coregistration later on. You can use the || =oue
suggested name
RareFrequentResponselLeft.sfh.
Press Save. g
File pame: RarefrequentResponseleftsfh -
Save as type: | Sfh Files (*sfh) -
= Hide Folders Cancel
8. BESA MRI will open. Press Accept. _
BESA® Version 2.0 March 2016
MRI BESA GmbH, 82166 Graefelfing, Germany

Copyright © 2016 - all rights reserved.

omputer
, including all

touse
for treatment

For research use only!
Not for the use in diagnostic procedures!
Please read the User Manual before first use!

9. BESA MRI will automatically display the =~ -=-==""
coregistraion workflow. Make sure t0  wee

select the option Generate FEM

leadfield. Press Next or hit the space

bar to continue with the workflow.

T M it s e bga 1 kil oyt b

ortha Ho bt
ot monn draios vme heserihion o e Conmgisiation Wkl
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10. Press Select Input Project and choose [watisss==mmms
Set Fiducials
project MRI_T1 of subject QC. Press

DEdHdwe W

Open.

e

- Bithday Progct
01.04.1945 || & WMRLTT

Modifed |
20022013 15:10:28

Selected Subyaet |00 (1948 04.-01)

Selected Project: |MRI_T1 | cancel |
Project Type ‘Segmentabon Projects -
—_——————~
Select

segmenttion project.
To selacl, press tha Space bar, Next, or Select Input Project mn the.
Infeaclion Window

Fravious || Next

11. Select Nasion and press Next.

Fio Edt Yew Hop
Set Fiducials
DSt Ew

1BESA

Set Progct Targets

o seectipulPrawel_] v
Surface Point Coregistration
Set Fiducials

FEM Loadfield Generation

by a singla click on the 30 surface. =
To confim position, press the Space bar, the Enter key, Next, o Set
Nasion.

12. Select LPA and press Next.

Set Fiducials

Déddue e

IBESA

© ([ Selctinpupigert |
Sot Project Targets v
Surface Point Coregistration ey @
Set Fiducials. preaunicular

FEM Loadfiekd Genoration

Sel Right Preauric

by & single click on the 3 surface.

To confirm posion, press the Space bar, the Enter key, Next, o Set
Left Preauricular Point

[Prevous | (e
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13. Select RPA and press Next.

14. The fiducial positions will be used as a
first reference for a first coregistration of
the electrodes with the scalp surface.
Press Next to continue.

15. Press Select Coregistration File and
choose
RareFrequentResponseleft.sfh.

Press Open.

BESA Research 6.1 Tutorial
Copyright © 2017

BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany

Set Fiducials
DEduw =
Workiow Overview
Set Projact Targets v
Surface Point Coregistration
Set Fiducials

FEM Loadfiok! Genoration

by @ singie click on the 3D surface.
Right Preauricular Point

Set Right Presuricular Point =
“To confirm position, press the Space bar, the Enter key, Next, or Set =/

[Prevous | (s ]

Set Fiducials
EEL X
‘Workflow Overview
Sot Project Targets v
Surface Point Coregistration
Set Fducials.

o

FEM Loadfiokt Genoration

Fiducials have been sef successtully
To continue, press the Space bar, or press Next

Hnts: Drag to rotat the 3D surfaca image. Move / Zoom the 3D

[ Previous | (o)

v 20 e g

Fie EG0 View Help

Fit Surface Points
CELLY

Loskim . ERP-P0-Autory - @@
Mame - Dite moifiea
- T RaveFrequentResponsel eftsfh. 26032013 1417
Recent Places
Deskiop
o
Lararies
Compurer
Metwork il name: RareFrequenfiespansel shsh
Filescitype: | Coregisrobon Fies *sh) -
RecostFokars |G\ Rasaarch & Diamples ERF-F 0 Audtary| ~

Press the Spacebar, Next, or Select Coregistration Fie 10 Selectme.
‘coregisrabon fig contam oo

1YBESA

(CSeedl Cormpstston Fie_]

Selot alacirodes and
weights.for surtace paint fit

Exciuds slacirodes AlIAL
from fit

Advanced Seftings

Run Surface Point Fil

Fillig results (before
manual carrsction)

Mean distance ermor
Maximal Gistance siror

e

Page 127 of 318

www.besa.de



BESA® Research 6.1

Tutorial 5 — Coregistration and FEM Modeling

16. In the field Electrodes, enter 0.5 cm to
indicate the distance of the digitization
points from the scalp. Then press Run
Surface Point Fit.

17. Once the surface point fit has run and the
result is satisfactory, press Next to
continue.

Note: In case the surface point fit
appears inadequate, you might consider

revisiting the definition of the fiducials.

18. Press Run FEM Computation to start
leadfiled calculation with the given FEM
model and electrode layout. This will
take several minutes as the forward

signal for each electrode needs to be

computed under the assumption of

The

currently  being

in each brain voxel.
that

processed is highlighted in orange, the

activity
electrode is
electrodes that are already finished are
displayed in blue.
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19. Once the FEM computation is done,
press Finish and save the project under
the suggested name. Close BESA MRI
and return to BESA Research.

20. In the window Coregistration with MRI
you should now see a green tick mark
indicating that all information regarding
the coregistration and FEM model are
available to BESA Research. Close the

window by pressing OK.

21. Left-drag a block in the condition Target,
right-click and select Source Analysis.
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22. Select a custom definition of -100 to 300
ms, Low Cutoff Filter of 0.5 Hz, 12
dB/Oct., zero-phase and a High cutoff
Filter of 30 Hz, 24 dB/Oct., zero-phase.

Press Source Analysis.

23. In the SA-window, please left-drag a
block from 80 to 110 ms over the EEG
signal. You can easily select the time-
range by right-clicking into the marked

segment and choosing Set Fit Interval.

24. Make sure that the default source type is
set to Regional Source by pressing
Options. In case the default source type

is Dipole. Change it to Regional Source.
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25. We will first try to fit the auditory N100
with two regional sources using the
default head model 4-shell ellipsoidal.
Please double-click into the head

schemes twice to place two regional

sources, one in the left hemisphere, one

in the right hemisphere.

26. We will add a symmetry constraint as
we are working with bilateral individual
activity that is heavily overlapping. Open
the drop-down menu next to Loc.: and
change the constraint of the second

source to Symmetric to.

27. Press All Fit and Start Fit to start source

localization.
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28. Press A on the keyboard to bring up the .“‘M ——

|8 2{Q]+F ([0 o3| ¢l

anatomical view. We will see that the two
regional sources are located in bilateral
auditory areas. We do notice, however,
that the sources are not located in
Heschl's gyrus as expected, but too

superior.

File_Condition L Solutionl Fit Image |Options Heip :
Data Model| Res. | ||D|] |P.C.A| EEG | Res.Var. | Energy | Min. Dist. inag RS2 oo zdoc xon y-on z-onfiil

Close the window displaying the
o L o [ e Pl 05 T e £ T e o P
individual MRI. Click into the empty ﬁm?‘ B o] =R

area in the box in the upper right corner ;;3520<$;;.u.;};.;.;;;n..'c‘;,;;m;,;.;v.' ;

29

that is now displaying the source
position. This will switch the contents to
the head model selection.

Data (1-16 of 65) ~ |Source waveforms
Fit Interval: +80.00 .. +110.00 ms

e

30. Open the head model drop-down | oo e oo e
[ Data Model| Res. | ||D|| |P.CA.| EEG |Res. Var.| Energy | Min, Dist. l'l_lagG-FP.

+| Targel 4Davs  FiMers 05-30Hz ~|RV "2 772%

It ﬁ 100,00 ms +300.00 ms| ™ |Best: 2 360%

RC:1

menu and select Individual FEM. -
might take a couple of seconds to load N o e L

e =
d w2
ol B erls)
E10 = [Fesiaic pcprmemation {agn -4 e
E [Pobmaiel 4 sheils
iy sppr ormal
;3

IFealatic Appraaimaton (oge 1416, €66
[Realsic Apy

the FEM model. =N \ q>

g
7
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O
>

Fz
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Sl ==
Data {I“E of 65) i‘juumu waveforms iuoufl, @ locabions i
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31. Switch off both regional sources off by
clicking on the On button next to the

source waveforms.

32. Insert two new regional sources by
double-clicking in the head schemes,
one source in the left, one source in the

right hemisphere.

33. Add a symmetry constraint again by
opening the drop-down menu next to
Loc.: and changing the constraint of the

fourth source to Symmetric to.
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34. Press All Fit and Start Fit to start source [P s

age Options _Help Solution: New solution 1

Dala Model| Res. | ||D]| |P.CA| EEG | Res.Var. | Energy | Min.Dist _Image RS 4 c zloc xon yon zon
-w Target 40 evs  Fillers 05 - 30 Hz « [R V. 2881% GFP| Talairach | [ [0 [ [
H 1 [ 100.00 ms +300.00 ms| " [Best: 2531% RC.1 s [ronyiaeos
localization. It becomes apparent that |* B Ry s

< |Model Individual FEM

source localization with the individual m N e T L

FEM model leads to more inferior é;’;ﬁ—"ﬂ”
solutions compared to the 4-shell | ————"~

ellipsoidal model. 43’\»

FZ 1
E53

B
B

BTl 4
e v
B P o=
E12 _"""—'V\_/L i _—
g g 4
Date (118 of 65) = Isource locations <

Fit Interval: +80.

35. Bring up the individual MRI by pressing

© indvidual MRT = @2
8| AAlH BB el ¢

A on your keyboard. We now see that

both sources are located in Heschl's

gyrus.

oc: 394, -1166, 1083 (Talairach  Fit Intervak: +80.00 . +11000 ms

This example illustrates the superiority of an individual realistic forward model for source
localization precision. The temporal lobe is a structure that is described particularly badly by
a spherical model, so individual anatomical information will lead to obvious advantages.
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Tutorial 6 — Distributed Sources |: Volume Methods

What does BESA Research provide?

LAURA
LORETA
sLORETA
SWLORETA
CLARA
sSLOFO
Minimum Norm

User-defined

LSRN NI N N N N N

Export of images per time-point or for time-series
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Distributed Source Imaging: Volume Methods

This tutorial introduces the principles of distributed source imaging. A short theoretical
introduction is presented, followed by hands-on examples that demonstrate the properties of

the different methods and the important effects of regularization on the obtained results.

A. Short theory of distributed source images

Discrete versus distributed source analysis

Both discrete and distributed source models use dipoles or regional sources as their basic
elements to model brain activity. However, the relationship between the number of sources
and the number of recording sensors differs between those two approaches. This has a

number of consequences that are listed schematically in the table on the next page.
The following abbreviations are used:

D: The recorded EEG or MEG data. The dimension of this matrix is [Number of sensors x
Number of time points].

Each row of D contains the signal of one sensor as a function of time. Each column of D

contains the recorded topography at one time point.

S: The source waveforms. The dimension of this matrix is [Number of sources x Number of

time points].

Each row of S contains the activity (in units of dipole moment, nAm) of one source as a

function of time.

L: The leadfield matrix. The dimension of this matrix is [Number of sensors x Number of

sources].

Each column of L contains the topography (the signal pattern) of one source, i.e. the signals
that normalized activity of this source generates on the different EEG/MEG sensors. L
contains all information about the source model (the multiple dipoles or regional sources)

and the head model (the assumed electrical conductivity distribution inside the head).

L™ The transposed leadfield matrix, i.e. rows and columns are swapped. Accordingly, the

dimension of this matrix is [Number of sources x Number of sensors].
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A: A regularization parameter. The formula in the table holds for Tikhonov regularization,

which is just one way of regularizing a matrix.

I:  The identity matrix, containing ones in the diagonal elements and zeroes in the off-diagonal
elements.

V: A spatial weighting matrix on source level. The dimension is [Number of sources x Number
of sources].
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Discrete source analysis

Distributed source analysis

Idea: Each equivalent current dipole
represents an extended brain region

Idea: Each current dipole represents one
small brain segment

gray matter

| A

g\ray matter

AT

\

Overdetermined problem

Number of sources < Number of sensors

Number of sources >> Number of sensors

Underdetermined problem

Source model is defined by fitting or
seeding

D=LS

Source model is predefined (e.g. along the
brain surface or on a regular volume grid)

The leadfield L has more rows (number of
sensors) than columns (number of sources)

D=LS

The leadfield L has more columns (number of
sources) than rows (number of sensors)

Reconstructed source waveforms: S=L71'D
where Lt=(LT-L) LT

Reconstructed source waveforms: S=L"1-D
where Lt=LT-(L-L")*

Regularization in source space. e.g.
Tikhonov:

L-I:(LT.L+)\.|)-1.LT

Regularization in sensor space, e.g.
Tikhonov:

L1=LT (L LT+Al)?

Spatial weighting:

L=V LT-(L-V LT+NI)?

BESA Research 6.1 Tutorial
Copyright © 2017

BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany

Page 138 of 318

www.besa.de



BESA®

Tutorial 6 — Distributed Sources I: Volume Methods

Discrete source analysis Distributed source analysis
Result: Result:
Multiple source model and source 3D Volume image, one for each time point
waveforms

Al oft| Al fit| Start fit| MSPS | {| Brainvoyager | T
H

o\ w
N fit]
[on
 No fit]
’T..—f-‘
G
]E 4
-
Properties: Properties:
e Crosstalk: (+) If the source model e Crosstalk: (-) Smeared, non-focal activity.
contains all active brain regions, Substantial crosstalk between sources.
the source waveforms Reconstructed activity at any location
represent their  activity, i.e. they is contaminated by activity from other
separate and mutually  contrast brain regions. Activity of brain regions
their activities with minimum close to each other can hardly be
crosstalk separated.

e Effort: (+) Pre-defined source model.
Source images are generated easily
and quickly.

But: parameters have to be specified

(V, A). They can have a large impact on
the quality of the obtained source

image.

o Effort: (-) Source model needs to be
defined by fitting or seeding. This
requires user interaction (decision

on the number of sources, fit
intervals etc.)

In BESA, distributed source models consist of regional sources at each source location. In the
3D volume images demonstrated in this tutorial, the sources are located on a regular cubic
grid spanning the whole brain volume. The grid spacing in Talairach units can be specified by

the user.
Spatial weighting: Minimum norm, LORETA & LAURA

Because distributed source models contain more sources than recording sensors, there are
many different source current distributions that perfectly model the recorded data. Therefore,

side constraints need to be defined that allow the selection of the optimum solution. These side
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constraints are represented in the spatial weighting matrix V (see above). Different methods

have b

een published in literature. The following is an overview of the imaging methods

implemented as standards in BESA, variations and combinations of them can be specified as

a user-defined image (see the corresponding chapter below). More detailed descriptions are

given in the BESA Help menu.

Minimum norm (Hamalainen & limoniemi 1984): In its simplest form, V ist set to the
identity matrix. This results in the image with the smallest overall energy (the sum of
squares of all sources magnitudes). Usually, depth weighting is used by applying a
diagonal matrix V, whose entries are inversely proportional to some measure for the
magnitude of the respective sources lead field vector (i.e. deep sources get a larger a-
priori weight than superficial sources).

LORETA (“Low Resolution Electromagnetic Tomography”, R.D. Pascual-Marqui,
International Journal of Psychophysiology. 1994, 18:49-65): Here, V is non-diagonal
and contains both a depth weighting term and a representation of the 3D Laplacian
matrix. This leads to the image with the smoothest distribution of activity across the

source space.

LAURA ("Local Auto Regressive Average", R. Grave de Peralta Menendez 2001, Brain
Topography 14(2), 131-137): In LAURA, V is non-diagonal and contains both a depth

weighting term and a representation of a local autoregressive function.

Standardization with the resolution matrix: SLORETA and swLORETA

All distributed source images suffer from smearing and crosstalk, leading to the following

effects:

Even in data generated by focal brain activity, the reconstructed 3D image is blurred
and non-focal. Activity of the active brain region gets projected onto neighboring

sources.

Consequently, the reconstructed activity at one source location is representing not only

brain activity at the modeled location, but is also reflecting activity of other brain regions.

These effects are captured mathematically by the resolution matrix R, defined as:

R=L1-L
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The diagonal elements of R are a measure for the percentage of the reconstructed activity of
the respective source that is due to brain activity at the modeled location. The idea behind
sLORETA and swLORETA is to divide (standardize) the reconstructed minimum norm activity
of each source with this measure. This serves as a compensation for the non-uniform depth

sensitivity of the minimum norm approach.

o SLORETA (“standardizaed LORETA”, R.D. Pascual-Marqui, Methods & Findings in
Experimental & Clinical Pharmacology 2002, 24D:5-12): Unlike the name suggests,
this method is not a standardization of LORETA, but rather of the unweighted minimum
norm image. The sSLORETA activity at location r: is estimated from the minimum norm

source estimate Sy, as:
Sstoretar = RirY2 - Sy,

In simulated data sets with only one focal activity and no noise, the SLORETA image
has its maximum exactly at the simulated location. However, this property does not
hold anymore in the realistic case of noisy data and multiple simultaneously active brain

regions.

o SWLORETA (E. Palmero-Soler et al 2007 Phys. Med. Biol. 52 1783-1800) is a

standardized version of the depth-weighted minimum norm.
Iterative approaches: CLARA and sSLOFO

One approach to make distributed source images more focal is to apply them iteratively. The
spatial weighting matrix V in each iteration step contains contributions that reflect the image
obtained in the previous iteration step. CLARA and sSLOFO are such approaches:

e CLARA (“Classical LORETA Analysis Recursively Applied”) is an iterative application
of the LORETA algorithm with an implicit reduction of the source space in each
iteration. First a regularized LORETA image is computed as initialization. Then in each

iteration step the following actions are carried out:
1. The obtained image is spatially smoothed (this step is left out in the first iteration).

2. All grid points with amplitudes below a threshold of 1% of the maximum activity
are set to zero, thus being effectively eliminated from the source space in the

following step.
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3. The resulting image defines a spatial weighting term (for each voxel the
corresponding image amplitude). A LORETA image is computed with this
additional spatial weighting term for each voxel. By the default settings in BESA
Research, the regularization values used in the iteration steps are slightly higher
than that of the initialization LORETA image.

After a specified number of iterations (default: 2), the computation stops and the image
computed in the last iteration is displayed.

sSLOFO (“standardized shrinking LORETA-FOCUSS”, H. Liu et al. 2005, IEEE
Transactions on Biomedical Engineering 52(10), 1681-1691).) is an iterative application
of weighted distributed source images with a reduced source space in each iteration.
As initialization step, an SLORETA image is computed. Then in each iteration step the

following operations are performed:
1. The obtained image is spatially smoothed (this step is left out in the first iteration).

2. All grid points with amplitudes below a threshold of 1% of the maximum activity
are set to zero, thus being effectively eliminated from the source space in the

following step.

3. A depth-weighted, standardized minimum norm is being computed, where V has
additional diagonal weights proportional to the image amplitudes in the previous

iteration steps.

After a specified number of iterations (default: 3), the computation stops and the image

computed in the last iteration is displayed.

Regularization

Distributed source images require the inversion of a term of the form LV-.L". This term is

generally regularized before its inversion. In BESA, selection can be made between two

different regularization approaches

Tikhonov regularization: In Tikhonov regularization, the term L'V-L" is inverted as

(L'V-L™+A 1) L. Nis the regularization constant, and | is the identity matrix.

Truncated singular value decomposition (TSVD): Here, an SVD decomposition of
LV-L" is computed as LV-.LT = UXUT, where the diagonal matrix S contains the

singular values. All singular values smaller than the specified percentage of the
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maximum singular values are set to zero. The inverse is computed as U-X*UT, where
the diagonal elements of X! are the inverse of the corresponding non-zero diagonal

elements of X.

As we will see, regularization has a critical effect on the obtained distributed source images.
The results may vary substantially with the choice of the regularization parameter (see
examples below). Therefore it is important to evaluate the generated image critically with
respect to the regularization constant, and to keep in mind the uncertainties resulting from this
fact when interpreting the results.

B. Comparison of different distributed source imaging methods
We will now return to the grand average data of the auditory intensity experiment to compare

distributed source analysis methods with one another as well as with the regional source model

we fitted earlier on.

1. Sele‘:t the flle from Edit View Filters Montage Process ERP Artifact Search Tags Goto Options Help
. . Open.. -0 ISA|[Rec” Vir | src | usr | Opt | EdM | LF | HF
File / Recent Files. Close
Close Al
Recent Files.. e 1. C\..xamples\ERP-Auditory-Intensity\All_Subjects_cc.fsg

Load Channel Configuration.

Head Surface Points and Sensors L4

MRI Coregistration...

Export.

Send to MATLAB...

Import and Convert ASCII File..
Print...

Print Preview

Exit

2. C\..esearch_5_3\Examples\ERP-Auditory-Intensity\S1.cnt
3. C\..Examples\Learn-by-Simulations\RegionalSource2D.avr
4. CA\.y-Simulations\AC-2D-biphasic-synchronous + noise.avr
5. C\..earn-by-Simulations\AC-2D-biphasic-synchronous.avr
6. C:\...les\TFC-Error-Related-Negativity\Correct+Error.foc

7. D:\..t_ordner\Pejmanhtest-2 for besa\Pej-R-1-export.foc

8. D:\,..top\test_ordner\Pejmanitest-2 for besa\Pej-R-1.foc

9. D:\..._ordner\Pejmanhtest-2 for besa\Pej-R-1-export2.foc
A. DA\..t_ordner\Pejman\test-2 for besa\Pej-R-1 - Copy.foc

B. C\..3\Examples\ERP-Auditory-Intensity\S1-blink+ERP.fsg

2. Select condition Low, left-drag a block and | AN
send it to source analysis by right-clicking A |
. . NS N Top View of Data L
and pressing Source Analysis. Pl | Whoe segment U
“"_‘_"_FLNM FFT I
m_uM Linear Correlation L
*’“—"1/\‘* Source Analysis L.
_*___,_\/x,-\ Define as Epoch -
- Define as Artifact L
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BESA Research 6.1 Tutorial
Copyright © 2017

BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany

fiew: Original

Correct: Off Bad: 0

Page 143 of 318



BESA®

Tutorial 6 — Distributed Sources I: Volume Methods

5.

6.

Select a time range from -50 to 250 ms,
and specify a Low Cutoff filter of 0.5 Hz,
12dB/oct, zero-phase and a High Cutoff
filter of 40 Hz, 24 db/oct, zero-phase.
Press Source Analysis to open the
specified data in the source analysis

window.

As areference and for comparison, load the

regional source model we created in
Tutorial 4, steps D1-7. Press File / Open

Solution and load file

Set the cursor at 96 ms, at the peak of the
N100 component.

Distributed 3D
generated with a single click in BESA. They
the

corresponding method from menu entry

volume images are

can be generated by selecting
Image / Volume Image, or from the

dropdown menu of the image selector
button (the arrow left of the BrainVoyager
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button in the middle of the source analysis

window.

In this chapter, we will use the default
parameters for all 3D images. The
importance and potentially large influence
of these parameters on the obtained result

will be illustrated in the next chapter.

7. First, compute a LAURA image at the
cursor latency. Simply select LAURA from

the Image selector button dropdown menu.

8. The computation of a LAURA (and also
LORETA) image is divided into 6 steps. A
dialog window informs you about the
processing stage. When computing a
LAURA image for the first time for a data
set, steps 2 and 3 can take some time to
complete (depending, among others, on the
selected grid spacing, see below). The
results of this intermediate steps are stored
to disk, however, so that these steps will be
omitted in all future LAURA images. This

speeds up the image calculation.
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10.

The result is displayed superimposed to the
anatomical MR image in the 3D window in
the lower right corner of the source analysis
window. Because for this subject, no
MRI BESA
automatically uses a standard MRI. The

individual is available,
regional source model is also shown and

superimposed on the LAURA image. Press

the 2 button in the 3D window to geta 4-
head view. (You may also maximize the 3D
window to get a larger view of the obtained
LAURA image.)

The units of the displayed LAURA images "

are nAm/cm®. The image correctly shows
activity in both hemispheres. However, the
focal activity is substantially blurred — a
negative effect inherent in all distributed
source images. It becomes evident from
this example that this does not allow to
draw any conclusion on the extent of the

active brain regions.

The LAURA image detected 3 maxima. The
largest maximum is in the left hemisphere,
roughly in the temporal lobe. Compared to
the regional source it is located more
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medial, posterior and superior. You can [ErEmmmmmETT

jump to the next maximum using the Hilf
Button (4" button from the right in the 3D

()

i

\tc /

&

window). The second maximum is roughly
in the right-temporal lobe, and located more

medial inferior and anterior to the

corresponding regional source. LAURA
also detected a third maximum in the left
cerebellum. The regional source model
does not suggest activity there.

11. Compare the LAURA method with e £
LORETA: Select LORETA from the image (#] tauna
selector button dropdown menu. Like onera
LAURA, LORETA includes a spatial cross- iy
voxel weighting term, which increases the Endio:g:g cnet
computational load, so that the first i Gt i
LORETA image computed for a data set E: S

takes a longer time to complete than

SLORETA or swLORETA. LORETA and

LAURA often produce similar results: The
first two maxima are located roughly in the
temporal lobes, a third maximum is located
6 I

in the cerebellum.

O T RS S i T Spea—]
Ol TR 9 4

O T e i o
Qe OB wEateow 4

12. Compare the LORETA method with ==
SLORETA: Select sLORETA from the
image selector button dropdown menu. The
result is an image (units: standardized

nAm/cm3) with two maxima. The first

maximum is located roughly in the middle

©OD 6P
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of the head, the second maximum is EF=rEs

located in the right cerebellum. There is no
convergence between the discrete source

solution and the SLORETA image.

O T o St S
|4 > A w000 4

13. Compare the sSLORETA method with =
SswWLORETA: Select swLORETA from the

image selector button dropdown menu.
SWLORETA differs from sSLORETA only in
an additional depth weighting factor.
Properties of swLORETA and sLORETA

images are very similar. Here, swLORETA
found 1 maximum in the middle of the head
that corresponds to the first maximum of the
SLORETA solution.
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14. Iterative methods aim at combining advantages of discrete and distributed source images.
Implemented as default methods in BESA Research are sSLOFO and the new CLARA
method. Both methods iteratively apply distributed source images with a successive shrinking
of the source space. They differ from each other in the type of distributed source images

applied in this procedure.

15. Let’s first compute an sSLOFO image. "
Select sSLOFO from the image selector
button dropdown menu and observe that
the result is much more focal than the
previous methods, shrinking the activity
substantially, and indicating bilateral

activation of the temporal lobes. The first

o TS0 G o S Vo SRR Tha
Halthe SRR o 4

maximum in the right hemisphere is located
more medial than the regional source, but

the left hemispheric maximum nearly

coincides with the regional source.

16. Now compare this with the CLARA method,
an iterative application of weighted
LORETA images. Select CLARA from the
image selector button dropdown menu.
Like sSLOFO, the resulting image is quite

focal. The first two maxima are very close

to the discrete source solution. CLARA

R e e e Ty B
) el T el 4L

detected a third maximum, again located in
the cerebellum.
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-3
&
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@
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17. Next, we want to re-fit our discrete sources Res. Var.| Energy |Min. Dist] _Image
using Image weighting. Press the Image RV.: 4.198% ---GFP

Curs.: 0.815% RC: 1
button in the top-right corner of the GFP 0

and residual variance field. By default, only

buttons for criteria Residual Variance,

Energy and Minimum Distance are | Ppreferences

pressed nght_cllck on the Image button .FiT. I Genetic Algorithm I . R(AP)-Music I Bram\."oyage.r
File I Display I Boxes | 3D Window I Head model Constraints

and click on Weighting Factors to bring u
g g g p Regularization constant [4] Default |

Minimum distance critetion [mem]: I 8.0 Diefault |

the Preferences dialog. You can see that by
default  weighting factors  Residual

Variance, Energy, Minimum Distance and HI CEbemBEs) apime

Advvanced options

Image Welghtlng are treated equa"y (a” are Stmoothing constant for electrade interpolation: 1E-| 7 3: Diefault |
set to 1). This can be altered if desired. We

Weighting factors of fit criteria.

WI" Ieave the default Settmgs and press OK Residual variance criterion 1.00
Energy critetion: Diefault |

Minimum distance criterion:

Image weighting criterion

Cancel | Apply
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18. Click on the right-hemispheric source and = -remaecc o LB

ol 15 %

Data Mod. | Res. ||D]| | PCA | EEG [Res.
Low 10 6vs Fillers 05 - 4

nergy |Min. Dist.| Image
GF
Org| L48.00ms 248.00 G

change the symmetry constraint to free in

the Loc drop-down menu.

19. Press All Fit and Start Fit. The regional |8t rany <.
sources are now fitted again with additional
weighting by the current image. Maximize
the MRI view to observe the new fitting-
results. Close the source analysis window
without saving anything.

This first glance at the different imaging methods on our example dataset illustrates both the
advantages and disadvantages of distributed source images: While they allow to get a very
quick result at a certain latency, they all suffer from severe blurring (least in CLARA and
sSLOFO), which can make it impossible to separate brain regions that are located close to
each other. The different methods do not necessarily agree in their image maxima. It is not
straightforward to determine which method is the most appropriate right away — the answer
may be different in different data sets. Therefore, generally, a comparison of different methods

is advisable.

To be able to interpret distributed source images, it is essential to understand their sensitivity
towards the parameters that are applied during the computation. Especially regularization has

a crucial effect on the result; this is demonstrated in the following.
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C. Settings for distributed source images: The effect of regularization

Distributed source images apparently have a big advantage over discrete multiple source
models: They are quickly generated by a single mouse click, and the experimenter does not
have to decide on the number of sources and the respective fit intervals. However, there is an
important parameter also for distributed source images that has to be decided on: the
regularization parameter, which can have a large impact on the quality of the obtained source

images. This is illustrated in the following.

1. As an example, we will compare LORETA CEA L iisiiSHeasaian

File Condition1 Solutionl Fit Image Options Help

Data Model | Residual || Data|| | P.CA. | EEG Res. Var. |

images  with  different  regularization L % 05 T —

Set Fit Interval: +72.00 ... +124.00 ms

settings. We could use images computed

Set Baseline to Fit Interval
Al

for the cursor time only, as we did in the Bage ,

Fit Enabled Sources over Interval

Add PCA Components to Solution

Invert PCA Componen

Display Cumulative Percentage in PCA

mark an extended latency interval. By re ) Fix Mumber of Dispayed Components fo 6

v | Overplot Waveforms of All Channels
Overplot Waveforms of Displayed Channels

previous chapter. Alternatively, we can

default, BESA research will then computea  *

mean image over that interval. This is of * ><>£

advantage in noisy data, because it
reduces the noise influence. Left-drag to
mark a fit interval from 72 to 124 ms to
include the time range around the N100
peak. Note that you can drag the edges of
the interval, or right-click into it and select

Set Fit Interval to adjust the time range.
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2. Regularization and  other  imaging Beamformer B
parameters can be specified in the Image E'LZL
Settings dialog window. Open it by LAURA
pressing Image / Settings or from the f;::A
bottom of the image selector button swLORETA
sSLOFO

dropdown menu.
User-defined Image

Cortical LORETA Ctrl+L
Cortical CLARA
Minimum-Norm (Surface) Ctrl+M

Probe Scan S
Sensitivity v
- Settings...

3. The Image Settings dialog window for

i I 1 General Standard Volume | User-Defined Vol
volume imaging consists of three tabs: ' J———

Image weighting
H revious image w
The Standard Volume tab lists all ™ Bypevousinege oy ——— | [ =
1 Beamfomer $
adjustable parameters of the standard Smwﬁm —
distributed volume images. We will focus | | feosersteor T
. . Regularization for Simple |
here on the effect of the regularization - e (Thteren € Use data n marked block/at ou 70
 Use sseline data
parameter, which has a critical influence on O Userdefned Mkhorow): 757 CVE smaothing faclor
all distributed source images. Parameters © SV e Do ___li8
. € Minimurm regularization
can be specified separately for each —
— Regularization for Iterati
imaging method (and differently for EEG £ GVE Tkhonov) et et crser 100
and MEG). The window displays the  Usetdafnod Tkhonct 1001 * SR
i @& SYD cutoff: oo %
parameters of one method at a time only. e s
nimum reguianzation

From the upper dropdown menu, select

Iterations [CLAR&/sSLOFO)
LORETA to adj ust the LORETA No. of iterations [T00 Image smocthing half-width [voxels)

’——| v Regularize iterations
par‘ameter‘s Only 2 = v s Im— Amount to clip from image (percent)

Regularization Probe Scan Regularization Beamformer

0K I Cancel
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We will now compute and compare images
with different regularization constants. The
default is an SVD cutoff of 0.005%. First

observe the effect of too high
regularization: Increase the SVD cutoff to
0.1%.

5. Press Go in the Image Settings dialog
window to apply the current settings and
compute a LORETA image with too high
regularization: In contrast to the result of the
multiple dipole model, the LORETA image
suggests a single midline generator of the
recorded signals. This is a typical result of
a too strong regularization: This tends to
lead to deep, widely distributed image
maxima. In our example, the bilateral

activity of the left and right auditory cortex

are combined and mis-localized in the

middle of the head.

Now compare too high with too low

regularization: Select Minimum

regularization to use only the minimum

regularization required for numerical

reasons.

BESA Research 6.1 Tutorial
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- Regularization

@ EEG © MEG
Regularization for Simple Imad
(' Use datain marked block/at cursor 1.00
" CVE (Tikhonov)
" Use non-baseline data epoch
" User-defined (Tikhonow): 0.01 % CVE smnothing factar
@ SvD cutoft iR %
" Minimum regularization
General Standard Volume | User-Defined Volume | Surface Minimum Norm |
Image weighting
| s Default
' previous image. |
— 1.00
Fader | = e e |
Go I
(==l
Specify settings for LORETA - Apply
\ & ren ~ en I
© Max. 1 of 1 - LORETA - Source Model - Val: 0.1515 (100.0%) s

8 2dlfF leim] wlwll ¢

Sag Cor

Bl I
3D LORETA Tra

—Regularization

@ EEG  MEG

Regularization for Simple Imag

(" Use datain marked block/at cursor 100
¢ CVE (Tikhanow)

(" Use non-baseline data epoch

(™ Userdefined (Tikhonov) 0.01 % CVE smoathing factor
¢ SVD cutoff 0.1000 %

@ IMinimum reqularization
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7. Press Go again to recompute the LORETA

8 el e8| (ol 4.
image. In contrast to a too high |®® o
regularization constant we now obtain a
solution with many maxima. This is a typical
effect of too low regularization.
2D LORETZ ira

0 Max. 1 of 7 - LORETA - Source Model - Val: 0.2713 (100.0%)

T3
namiom [x10°] R

The above examples were computed with SVD regularization, but the same principle holds
for Tikhonov regularization as well. You may test this by selecting the user-defined Tikhonov
regularization in the Image Settings dialog window and compute LORETA images with

different parameters.
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8- HOW to determine the optlmum —Regularization

@ EEG " WEG
. R . Regularization for Sirple Imag
regularization parameter for a given data . © Ussemmmetedmysiemsms T
O G (" Use non-haseline data epoch
set and imaging method is still an unsolved  User-defned (Tkhaness;  [757 % e

problem. Minimization of the generalized o st DR

" Minimum regularization

cross validation (CVE) is an attempt to

’—Regulanzalmm for teration:

achieve this. However, this method is not
guaranteed to work properly in every data
set and with every method. We will compute
a LORETA image with the regularization
determined  automatically by CVE
minimization. Select CVE and have the
regularization optimized to the Data in

marked block. Press Go.

T R SeA  Gase eV R
CES Rl it

9. The resulting automatically chosen [===
regularization appears to be slightly higher
than the default value of 0.005% (the image @
contains 2 rather than 4 maxima). The

second maximum corresponds well with the

regional source in the right hemisphere, but

the first maximum mislocalizes to a right

medial temporal area. e —

g
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BESA uses predefined default regularization constants specific for each method and channel type.
These default values are appropriate in many situations. However, the optimum regularization
depends on the signal-to-noise ratio of the data, the number of channels and other properties of
the specific data at hand. There is no strict objective criterion for the choice of the optimum
or correct regularization parameter. However, it is generally recommended to adjust the
regularization parameter such that the obtained image neither shows too many, superficial
maxima (too low regularization) nor only one or two very broad midline maxima (too high

regularization).

D. Other image settings

1. The Image Settings dialog window not only e TR | ]

a”OWS to modlfy parameters of the pre_ GEHE'E"Standard\/n\ume]User-Deﬁnean\ume]SurfaceM\mmumNmm]

Voxel Size

defined imaging methods. Select the Mot ot ey otena LALA qies = ere e of T o

maore: CLARA and LORETA require a voxel size of 5mm or more.

General tab. Here the grid spacing of the
Vol size in Talairach space; hd

source grid used for the 3D volume imaging

Image Display

methods can be Specified_ The default This seting applies anly it a fitinterval is marked. f nafitinerval iz markedt

the image shawn after the scan is at the meximum Glabal Fisld Power. or
where the cursor was placed

Settlng IS a‘ SpaCIng Of 7mm’ WhICh IS (" Display image at maximurm GFP inside fitintenal

appropriate for the rather distributed @ Displaymesn nags cosrfinera

images in most situations.

Another setting allows to specify which kind
of image to display when a fit interval is
marked. BESA Research computes a
separate image for each latency within the
fit interval. With the default setting, the

mean image across the different latencies

in the fit interval is computed and displayed.

[ ok | oo
Alternatively, you can have BESA
Research to automatically set a cursor at
the latency of maximum global field
power and display the corresponding
image.
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2. ltis also possible to create a user-defined —

General| Standard Volume Ussr-Defined Volume | Surface Minimum Norm |

Detaults

volume |mag|ng method: Switch to the LoRETA | LauRa | sLORETA | owiORETA | MirNom [TCARA | sioro |
User-Defined Volume tab. Here, a wide || 5500 o worers GU
range of parameters can be specified. . C Taserveke RS it e
@ tdean norm of RS |eadfield
i i X (" Each component separately
e In box Resolution Matrix, specify 7 rosaoel o lorETs  C Lams
whether you would like to standardize e

yOUr image Wlth the reSOIution ma_trix Regularizatian (for fterations, or if no iteratians, for this image)

] ® 1.00
(" CVE (Tikhonov)

. . -
entries as in SLORETA.

" User-defined (Tikhonov), 0.01 % CWE smoothing factor

@& SVD cutaft: o i |

e In box Spatial Weighting, different

(" Minimum regularization

types Of depth Welg htl ng can be terations (Specify sefings for initislization method in Standard Yolume Tab)
) ) ) MNo. of iterations Initialization method W Image smoathing half-width (vexels)
selected. Cross-voxel weighting as in e =l herem el ackatomimags arcery
[v Regularize fterations
LORETA (3D Laplacian) and LAURA {

(local autoregressive function) can be
applied. In addition, an additional spatial

weighting can be imposed by the

ok | came | 1

previously generated or imported 3D
image (e.g. an imported fMRI image). The strength of the image weighting can be adjusted

by the Factor sliding bar.

e The Regularization parameters specified in this tab are in analogy to those in the Standard

Volume tab.

e The Iterations box allows to define iterative methods in which the source space is shrunk
in each step, leading to more focal images. An initialization image can be selected, defining
the initial voxel weight (this image is regularized as specified in the Standard Volume tab).
In each iteration step, the image is then smoothed and the source space clipped with the

parameters specified here.

o The Default buttons in the upper row set the parameters to those of the respective pre-
defined imaging method so that you can understand the details of those methods and can

easily modify them if you wish to.
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3. After specifying the settings, you can
compute a user-defined image by selecting

the corresponding entry from the list of

images.

E. Export and import options

Beamformer
DICS

CLARA
LAURA
LORETA
sLORETA
swLORETA
sSLOFO

User-defined Image

Cortical LORETA

Cortical CLARA
Minimum-Norm (Surface)
Probe Scan

Sensitivity

Settings...

Ctrl+L

Ctrl+M

S
v

All images obtained in BESA Research can be exported for further analysis (e.g. for averaging

and statistics in BrainVoyager or MATLAB). Images can also be imported into BESA Research.

These will then be displayed superimposed to the available MR image (the BESA standard

MRI or the individual MRI of the corresponding subject). In addition, images can be used to

define an initial spatial weighting for the different brain regions — both for distributed 3D images

(see above) and for a discrete multiple source fit, as will be demonstrated in the following.

e Image ASCII Files (*.dat), BrainVoyager VMP Files (*.vmp) and ANALYZE files (*.hdr):
Selection of one of these three formats leads to the export of exactly the currently displayed
3D volume image. The resulting image file contains one image intensity for each grid
location (as specified in the Volume Grid Spacing tab of the Image Settings dialog window.
The ASCII format contains the image in its original resolution (as specified in the Volume

Grid Spacing tab of the Image Settings window). ANALYZE files will be interpolated to a

1x1x1mm? resolution. The BrainVoyager format allows for both options.

e Same as above, but type all latencies: These options not only export the currently

displayed image at the cursor latency, but rather multiple images (one for each latency in

BESA Research 6.1 Tutorial
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the available data set). In the present example, selecting one of these file types would
export LORETA images for each latency into one file. This file then contains the image
intensities for each location at each latency. This option is not available for iteratively

generated source images.

e Image Ascii Voxel Time Series (*.vts): Exports the image intensity of the voxel at the

current crosshair position at all latencies.

o Voxel values for each dipole orientation (*.dat): This generates an ASCII file that not only
contains the image intensities (i.e. the magnitude of the regional source activity at each
grid location), but rather exports the activity of all 3 components of each regional source

separately. This results in 3 activity values for each grid location.
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Tutorial 7 — Distributed Sources Il: Surface Methods and Template

Models

What does BESA Research provide?

Cortical LORETA
Cortical CLARA

Minimum Norm

AN NN

Age-appropriate template head models
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Distributed Sources: Surface Methods and
Age-Appropriate Template Head Models

This tutorial will explore the different methods available for surface imaging, and also introduce

the age-appropriate template models as an alternative to a realistic head model.

A. Background

Volume imaging methods typically work on a regular grid that spans the brain, which serves
as source space for potentially active sources. There are no particular constraints as to where
in this source space a source is allowed to be, or how it should be oriented.

Surface imaging methods use a mesh which reconstructs the brain surface. The source space
is then usually constrained to this cortex region. In some cases, orientations are also

constrained to be perpendicular to the surface, or allowed to vary in a cone around the

perpendicular orientation.

Left: In a volume image, neighborhood is defined on a grid. Right: On the surface, the

neighborhood relationship depends on the mesh.

If spatial weighting terms are used, then the neighborhood comes into play. Considering the
formulation of the inverse problem introduced in the precious tutorial on Distributed Sources:
Volume Methods, the spatial weighting matrix V has diagonal terms, and off-diagonal terms.
The diagonal terms can be used for e.g. depth weighting. Off-diagonal terms describe the
influence of neighboring nodes in the grid or mesh.
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The cortical methods discussed here in more detail, Cortical LORETA and Cortical CLARA,
use a surface Laplacian operator. The Minimum Norm method uses no neighborhood
information — only diagonal weights are applied in the V matrix.

Cortical CLARA is a method which iteratively applies a Cortical LORETA to the data set. After
each iteration, the source space is reduced by eliminating the sources with the smallest signal.
Also, the result of the current iteration will be used as an additional spatial weighting term for
the computation of the next iteration. After several iterations, the solution approaches a focal
solution, which, if a large number of iterations are applied, may result in a focus of activity on
few individual mesh nodes, which makes it comparable to a solution using discrete sources.

B. Comparison of different surface imaging methods

We will now compare the different surface imaging methods using the auditory intensity
experiment data. When investigating surface data, we often want to use the individual
anatomy, or a representation that is as close as possible. We will first look at one subject

from our auditory intensity pool.

1. Select the file from the folder F

Open... ctil-0

Close

Close All

Recent Files... »
Load Channel Configuration

Head Surface Points and Sensors >
MRI Coregistration...

Export...

Send to MATLAB..

Import and Convert ASCII File...

Print. ctrl-P

Print Preview

2. Press CTRL-L on the keyboard and ensure :
rmg[:ggg‘[;nzrsf - " N J

s data fle. No ausiliery fles required
e 10-10/10-20 labels or supply digitized coordinates!

that the additional files we loaded in a

=5 zg0

oL

previous tutorial will not be used to begin

<

s No  Fie name found
n [el?)

with — we will try these later. So, ensure that L ——— o oo | _ca
Digitized head surtace points [*.sfp, * eps] and labels [.sfn) 3 poiis n daiafle
T . Il & e Good rowse. it
the rows for Digitized Head Surface Points D - e | £
. . . « » Electiode thickness (mm}  [0.00 |
and Coregistration file are set to “No”. ottt T [ ) [
. MEG sensars [*.pos, * pmg]
Leave with OK. o e ’ [eeed
Av:lranx m;’lu:\ems [*.aH, % ar) i — - .
Clear DB Clear Ewerts Help. LCancel
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3. Select condition Low, left-drag a block and
send it to source analysis by right-clicking

and pressing Source Analysis.

4. Select a time range from -50 to 250 ms,
and specify a Low Cutoff filter of 0.5 Hz,
12dB/oct, zero-phase and a High Cutoff
filter of 40 Hz, 24 db/oct, zero-phase.
Press Source Analysis to open the
specified data in the source analysis

window.

5. Ensure that the head model is set to “4-
shell ellipsoidal”. Then use the arrow
button in the centre of the Source Analysis
window to select Minimum Norm from the

popup menu.
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Tepe [zero phase |

Cancel

Beamformer
DICS

CLARA
LAURA
LORETA
sLORETA
swLORETA
s5LOFO
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6. A cursor is automatically set at the peak of
the global field power at 92 ms. A minimum
norm estimate is computed with the default
settings, and is the

displayed on

standardized smoothed surface
reconstructed from an average of 50 brains.
The result is a broadly smeared distribution

in the left hemisphere. Use the toolbar

buttons Llil—jl to rotate the brain. A

more focal maximum is visible in the right
hemisphere, posterior to the Sylvian fissure
where we would have expected the bulk of
activity.

7. Use the arrow in the centre of the screen :

again to select Cortical LORETA, or select
the entry from the menu Image and the

sub-menu Surface Image.
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Cortical map - Cortical LORETA o == Cortical map - Cortical LORETA s ==
8. The display changes to 8)al4) oD 5 o e 8/ 112l a9 el
LORETA +92.00 ms LORETA +92.00 ms

show two maxima which
are now more frontal,

closer to the Sylvian

100 100

fissure.
50 50
0 0
max.% max.%
Cortical map - Cortical CLARA o &)= Cortical map - Cortical CLARA [E=R(ESR =7
9. Select Cortical CLARA 8 i o1 a9 sl HitEpehperoprer

CLARA +92.00 ms CLARA +92.00 ms

from the popup menu or
from the menu Image /

Surface Image.

100 100

max.% max.%

The display now shows two clear maxima, one for each hemisphere, which are much more
focal than with the previous methods. In the right hemisphere, the location looks
approximately correct; however, in the left hemisphere the maximum is too anterior.

We now want to use the individual anatomy of this subject for the estimation of activity on the
cortex. We follow the same steps as earlier in the Tutorial on Coregistration and FEM

Modeling, part B.

10. Close the Source Analysis module. Press (G

. . Look in: StandardElectrodes v| & 5 FAv
CTRL-L and in the dialog box that appears, | — desen .
= lame late modifie ype
. R . [ BESA-MRI-Standard-33-Electrodes.sf 14/12/2010 18:40 SFP File
in the row for DIgItIZEd Head Surface Recerkplaces (7 ot bEca- MRK-Standard-Flectrodes.sfp ’ 09/04/2014 1359 SFP File
= [ BESA-Std_20-24yrs.5fp 05/08/201511:47  SFPFile

Points, press Browse. Then select the Dwiiop
Standard Electrode folder in the File | =

Libraries
Open box, choose i
This PC
. =
, and open it. “w
Network. E >
File name: IEESAVMR\rSlandard—Electmdes sfp LI Open |
Files of type: | Suface points (“sip) = Expo
Directories: |Slandard electrode folder ﬂ
| Channel directory 1
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11. Close the Channel and digitized head
surface point information dialog with OK
and select File / MRI Coregistration.

12. If you had previously coregistered the file,
you will be taken again to the dialog you just
closed. Now you simply have to check the
box for wusing the already existing
coregistration file. Leave with OK. In case
you are asked to write a surface point file,

press Cancel. Select File / MRI Start New Segmentation

Coregistration again. All information Start New Coregistration

should be there. Leave with OK.
Open Segmentation Project

If there is no previous coregistration, then you
will be prompted to save an *.sth file. BESA MRI Open Coregistration Project

will start. In BESA MR, click the button Start

New Coregistration. Steps for coregistration
In Steps for coregistration, do not check [ Skip electrode and fiducial fit
anything. [~ Generate FEM EEG leadfield

. _ [~ Generate FEM MEG leadfield
Press Next. Select the input project that we

used in the tutorial on Coregistration and FEM

Modeling. Press Next.

Press Select Coregistration File and open
the file that you just saved from BESA
Research. Then simply press Next and Finish
to complete the Coregistration. Save the project
and return to BESA Research. If you click into
one of the fields in the dialog box, a green tick

mark should appear to indicate that

coregistration was successful. Leave the MRI

Coregistration dialog with OK.
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13. Left-drag across condition Low again to A ——
. . ""’”"‘”"“\[’ Whole Segment
mark a block, right-click and select the N
g ] ﬂ E:’aar Correlation
previous entry from the popup menu to start B T P i
| Define as Epoch
. . . B Define as Artifact
Source Analysis with the previous it semen
fw—"""\/“ Capy to Buffer v
parameters. ”““”“J\f Define Artifact Topography
mﬂ | Epach:-100.0..250.0 ms, Filters 0.5 - 40 Hz

14. Now press the arrow button in the centre atio-tempy e
_H_s:uﬂ n]:l |D.H. % _IL.:TIAI

of the window again and start Minimum BT i

Norm.

It now shows the individual anatomy, and
the activity is estimated lower than before.
The Minimum Norm solution places the

main activity in the temporal lobe.

L2-norm +32.00 ms

100

max. %
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15. Use the arrow button again and select Cortical LORETA. The activity now moves closer

to the Auditory Cortex.

© Cortical map - Cortical LORETA =2 == (@ Cortical map - Cortical LORETA ] = (@@
B % Q| ]2]9] Pal'al"al*s] %] tal's|a B [ Q| ]3] Pal'al"al"E] | Lale
LORETA 49200 ms || LORETA +92.00 ms

100

max. % max. %

16. Use the arrow button again and select Cortical CLARA. The activity now shows in the

area of the Heschl’s gyrus. It is actually not easy to detect — you may need to rotate and
zoom the display.

© Cortical map - Cortical CLARA [o [ /= (@ Cortical map Cortical CLARA o [-E S
B @ Q| A2 )] Paltal e8] %0 talielal B [% Q| ]2 3] Palal -’“ﬁ__l'-.:l*(‘l
CLARA +92.00 ms CLARA +92.00 ms

100 100

50 50
0 0
max. % max. %
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17. Press the inflation icon _Il on the toolbar. On the inflated brain, it is clearly visible that the

reconstructed activity is almost exactly on Heschl’'s gyrus. You may want to scale up once
to see the focal spot more clearly.

r—,.

Cortical map - Cortical CLARA o o=@ Cortical map - Cortical CLARA | _ﬂ@l@
_H_Q'% A2 Da‘ﬂa"éﬁ]l—L.lle B &l 2] ‘a"al¥8] [ Lal'ela

CLARA +32.00 ms CLARA +32.00 ms

60
40 40

20 20

max. %

max. %

C. Settings for surface imaging methods

So far, we have worked with the default settings for the Cortical Imaging methods. We will

now explore some of the settings that can be changed, and see the effect on the source
images.

1' SeIeCt the menu entry Image / Surface |E Condition 1 Selution  Fit | Image | Options Help
Image and then the first Settings... [/ e » L P | MES [Res ver
Discrete Model Probing 3 Cortical CLARA
entry. Smooth Image | sy ‘
T Hide Image Minimum-Norm (Surface) Ctrl+M
= Import Image Settings...
Export Image As... e —
Settings... 1 e — ‘ "\A/\_
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i Cortical Imaging ? X
2. Note that the dialog that appears _ . Cotca s |
contains two tabs — one for Minimum
Specify settings for - Default
Norm, and the other one for Cortical - Help
. * EEG MEG Apply
Images. In the Cortical Image part, SDeuor [F0000 %

— Advanced settings

LORETA is selected by default. You can 7 Depth weighting

Laplacian type:

adjust the following parameters:

(% Unweighted grsph  (~ Weighted graph Geometric mixed area weights € None

e SVD cutoff

e Depth weighting on or off

e Type of Laplacian [ ok ] cood | onh

Note that SVD cutoff can be adjusted
separately for EEG and MEG.

Since Cortical CLARA is an iterative
application of the Cortical LORETA
solution, these parameters for Cortical
LORETA also affect the Cortical CLARA

settings.

. . . © ortical map - Cortica (o [&]=)
3. Un-tick the Depth Weighting. Pressthe | g|[s a4+ L] 3' n,p;v:n@;c[%mz, .

OK button. The dialog box closes and o Rt
Cortical CLARA is re-computed. Note

that the activity patch has moved.
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4. Press the inflation toolbar button to show
the cortex again. It is evident that the
activity has moved towards more

superficial locations on the cortex.

5. Use the arrow button in the center of
the window to select the last entry
Settings. It will automatically open the
settings for Cortical Imaging again
since the last selected image was a

cortical map.

Now change the Laplacian from
Unweighted graph to Weighted graph.
Press OK.

6. This Laplacian applies weights to the
Laplacian operator terms depending on
the distance to the respective neighbor.
The result here is that the activity moves
to another gyrus in the left hemisphere.
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CLARA +92.00 ms
60
40
20
o
max. %
Cortical Imaging 7 X
Surface Minimum Nom  Cortical Imags |
Specty setrgsfor [LORETA  v| Defauit
- Req. Help
FEEG MEG Aoply
SVD cutoff  |0.00500 % -
- Advanced seting
IV Depth weighting
Laplacian type
" Unweighted graph ' Weighied graphi ¢ Geometric mixed area weights None
OK I Cancel Apply
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40
20

0
max. %
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Cortical map - Cortical CLARA | = |
7. Change the settings again to re-activate ;Iﬁl‘ﬁpil N _,;; nglalal" . I" e 1%

depth weighting. Activity moves back | “-4r4

to the Heschl’'s gyrus.

0
max. %

(€ Mo 1012 R
8. Now press the toolbar button M to select | (s || < )| Palaltal"s] il Lalala

the first local maximum. A halo indicates |~ #9200 ms

its position. Press the button with the

b |‘+
dipole symbol wilf | 4% to seed a source
at that position. Repeat for the other

maximum to create a two-source

solution. Note that the orientation is

fitted automatically if the source type is "
dlp0|e ma?c%
) . Cortical Imaging ? X
9. Now select the third option for the . |
Laplacian: Geometric mixed area
Specify settings for Default
weights. This changes the result again S Help
. & EEG  ( MEG Apply
Sllghtly SVD cutoff  [000500 %
r Advanced settings
Open the Settings once more, and now 2 Depif gt
Laplacian type:
select CLARA from the dropdown list. & Unweighiedgrpn C Weghted grph Geometic mved area weights € None
Three new sets of settings appear. CLARA
 No of iterstions Regularization Post-teration
I Automatic ™ Regularize iterations
Change the Laplacian type back to —— 7 |svocuen [T000 %[00 Amourtiocip roming ()
Unweighted graph, and change the
0K | Cancl | iwb |
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10.

number of iterations to 2. Leave the

other settings unchanged. Press OK.

Change scaling back to 100 and press
the inflation button on the toolbar again.
It
resembles the Cortical Loreta solution

is evident that the solution now

more closely.

Surface Methods and

Comcal map - Cortical CLARA

_Il_glil ~| 23] Dal'a|"al*s| [ Lal's|a

CLARA

+92.00 ms

11. Now try a larger number of Cortical CLARA iterations: Open the Settings again and now

push the lever for No of iterations to the maximum value of 25. Press OK.

The maximum is how smaller in amplitude, and you will need to scale the image up a few

times to see it clearly. A very focal maximum is visible on each of the two hemispheres, in

a location which closely approximates that of Heschl’s gyrus.

,_

Cortical map - Cortical CLARA

_H_B]i]‘»-i 3| Palal"al"8 [ ‘lalicla

CLARA

+92.00 ms

= [o =) (®

Comcal map - Cortical CLARA

_||_8|il |2 9] Dalal e[| [ lalis|a

CLARA

+92.00 ms

12. Close the Source Analysis module.
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D. Head models

BESA Research offers several age-appropriate template head models, which were kindly
provided by John E. Richards, University of South Carolina, USA®. We will look into the effect

of applying an appropriate head model for fitting dipole sources to an averaged epileptic spike.

1. Select File / Open and browse to the

LR

folder

Open the file

The file is a combined EEG-MEG

recording, where occurences of three
different types of spikes in a 12-year
old child were averaged.

2. Press Shift-V on the keyboard to view

Center [mm): -0.5 3.9 38.0 [using head coords)

the sensor configuration. The red
circles denote the electrodes.
Coordinates were digitized. Grey
donuts denote coils which were
placed on the head to co-register the

electrode cloud with the MEG sensor

positions.

9 you would like to publish results obtained with the use of the age-specific models, please reference the
publications below:

e Richards, J.E., & Xie, W. (2015). Brains for all the ages: Structural neurodevelopment in infants and
children from a life-span perspective. In J. Bensen (Ed.), Advances in Child Development and Behavior
(Vol 48, Chapter 1, pps 1-52)

e Richards, J.E., Sanchez, C., Phillips-Meek, M., & Xie, W. (2015). A database of age-appropriate average
MRI templates. Neuroimage, doi:10.1016/j.neuroimage.2015.04.055.
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Press the Scp button on the right to
show only EEG channels. You can
see activity on most channels. Drag
over the first segment which has the
most averages of spike events. Right-

click and select Source Analysis.

interval and filters as
.. 200 ms, 3.0 Hz

forward with 6dB slope, and 35 Hz

Define the

follows: -200 ms

zero phase with 12 dB. The reason
for using a forward filter for the high
pass is that in epilepsy, the initial
(crucial) activity is often smaller than
the be

compromised by signal from later

later activity, and can
components bleeding back into the
early components if a zero phase shift

filter is used.

Press the Source Analysis button.

Check that the selected model is the
4-shell ellipsoidal model. Double-
click into the head schemes to create
a dipole. Click the P.C.A. button and
mark a fit interval over the onset
period from -30 ms to -5 ms, such
that the first PCA component explains

File Edit View Filters Montage Process ICA ERP  Artifact Search Tags Goto Opt

F|F+| wrs | SAW |[ 3D IMG | ERP | DSA | ICA [[Rec Vir |

Fp1-PZ’
Fp2'.Pz'
7Pz
F3 Pz
Fz'.Pz'
F4'-Pz
F&'. Pz
TPz
C3.pz
Cz' Pz’
C4-pz
T8 Pz

RS PSS B S
L e o~ — o~

R
V—A Top View of Data
| Whole Segment

| — FET

Linear Correlation

L :

Source Analysis
T

Define as Epoch
"7 Define as Artifact
|

Write Segment
! Copy to Buffer
|

D7 D'

Define Artifact Topography

>

e TSRS

AT

Block Size and Position

= Whole Segment

Filter Setting:

& Custom Definition

Frequency |3.0 [Hz] Slope I E dh#ﬂcj

Lo Cutaff

Status [V Enabled

Type I famward LI

| Previous

Settings

200 [ms) pre-Event

Frequency lEED—[Hz] Slope |12 db#o(;l

High Cutoff

Status [V Enabled

Type I zero phase;l

200 [ms) pastEvent

[~ &l Conditions

Source Analysiz |

Set Block |

Cancel |
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more than 97% of the overall variance

in that interval.

6. Start the fit. The dipole fits to a left

frontal location.

7. Untick the Data button and click

outside the fit interval to remove the fit
interval. The residual variance PCA

o i 8 sLORETA | 4] Gomnysger

plot is shown on the left. The largest

component holds 12.5%.

8. Double-click into the head schemes

again to set a second dipole, and
mark a fit interval over the PCA

component from -10 ms to +50 ms.
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9. Press the Start fit button. The dipole

localizes to a peripheral location.

10. Unmark the fit interval again. The

largest unexplained component now

is a rhythmic one. We will try and

explain this component by a regional

source.

11. Double-click in the head schemes and

press C on the keyboard to convert

the source to a regional source. Mark

a fit interval from -200 ms to -40 ms,
where the two sources are not yet
active. Press the CTRL key and drag

from +80 ms until the end. The fit

interval is now split into two. Fit the

regional source. It moves to a

posterior location.
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12. Note that we fitted the first two
sources not accounting for the

rhythmic activity that is present also

during the time when the two dipoles
are active. Mark the complete interval
and press the buttons All fit and Start
fit. Then invert the first source by

selecting its waveform and pressing

the | key on the keyboard. We now
have a solution with clearly separated
waveforms and a small residual

variance.

This solution was achieved using the standard 4-shell head model. However, a 12-year old
child has vastly different conductivities from an adult. We will now take this into account for an

alternative model.

Solution: Mew sclution 2

13. Save the current model as ey

4 shell elipzoidal =
4 shell elipsoidal

R ealistic: Approximation
RELINTTS M A s-appropriate Templats Model:
Polynomial 4 shells
3 shell Ay approximation
Conductivity- Homogeneous sphere §

ﬂ_bINew solution 2 : : EEG +
. . . Hid
Click into the box at the top right to — -
display the model, and use the
dropdown list to select Age-
appropriate  Template Models.
When the warning concerning the
source location appears, click OK.
. Solution: Mew solution 2
14- A new drOdeWﬂ ||St appears beIOW JMUEIE\: IAge—appmpHateTemplaleModels ;I
the first one. Select Age 12y from this S =
ge 2y Omo
Age 4y Oma
. Age By Oma
||St' lﬂ_b| New soluti ig: 18;6031“30
hild Age 14y mo
Age 16y mo
Age 18y Omo
Age 20 to 24y Omg

BESA Research 6.1 Tutorial Page 179 of 318
Copyright © 2017
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA®

Tutorial 7 — Distributed Sources Il: Surface Methods and
Template Models

15.

16.

17.

Now press the buttons All fit and
Start fit again. The two sources move
deeper into the brain volume. Press
CTRL-Z and CTRL-Y to compare the
situation before and after the fit. The
source locations differ between 2 and

3cm.

Press the A key on the keyboard to

show the sources in the anatomy.

g|g
Use the ==l button on the toolbar to
show the different views. Select the

first source to slice at that position.

Now mark the interval where the first
source becomes active, from -40 ms
to -10 ms. Start CLARA to compute
the average CLARA image during
that interval.

CLARA coincides very well with the
location of the first dipole source.

i
e e e e <

© Standard MRI
BT e N R

Sag

(@ Max. 10f 5 - CLARA (mean) - Source Model - Val: 337 (100... = | & |
8 Dbl (08 w2 .

Sag
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Surface Mirimum Nomm  Cortical Image |

18. We will now try Cortical CLARA for

this example as well. Select the menu ottt [To———]
pecify settings for  [CLARA -

entry Image / Surface Image / R PR
£ Apply
. . 0.0050 k -

Settings. In the dialog box for | % *

~Ad d settings
Cortical Imaging, select CLARA and CE

Laplacian type:
re-set all Settings to Default using the & Graph " Geometric no area weights ~ (~ Geometric mixed area weights ¢ None
button. Close the dialog box with OK. ot sotors E— —

[~ Automatic ™ Regulanizs iterations

.—J— 0 SVD cutoff Wz 10 Amount to clip from img (%)

ok | e | oy |
. . Ch Cortlcal map - Cortical CLARA (= =)=
19. Then, using the arrow button in the |g|[s a4 ~|-| )] al'alfal"] | tals|a
CLARA 0.00 ms

centre of the window, select Cortical
CLARA. The cursor is automatically
set at 0 ms where the maximum
activity is, and the averaged brain for
the 12-year old template model is

100

shown. Activity centers around a

sulcus in the frontal left lobe,

consistent with the dipole and CLARA max %
solutions.
. . Comcal map - Cortical CLARA S|
20. Press the inflation button on the _] 1% Q% )] talalal"s] o ‘alala
CLARA 0.00 ms

toolbar to check for other maxima.
There is a small activity visible at the
tip of the right temporal lobe, but it is

much smaller in amplitude.

100

max. %
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21. For comparison, select Minimum-
Norm (Surface) button from the
arrow drop list. It shows a wide-

spread activity, with a maximum on

the of the left temporal lobe.

Note that this type of maximum can
be an indicator of noise modelling.
We will try and change the noise

estimator for the minimum norm.

22. Select Settings from the arrow drop
list. The dialog box for Minimum
Norm settings comes up. The current
noise estimator is set to Use
baseline. However, this is not useful
when dealing with epileptic spike
averages, as there is no proper pre-
stimulus baseline. Select Use 15%
lowest values instead and change
the noise scale factor to 0.5 to

reduce regularization. Press OK.

23. Minimum Norm is recomputed, and
the result shows an improvement.
However, there is still a larger spread
of activity compared to the Cortical

CLARA method.

BESA Research 6.1 Tutorial
Copyright © 2017

Cortical map - Spatio-temporal minimum-norm
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© Max. 10f 10 - CLARA (mean) - Source Model - Val: 3027 (1... | = |-& |3

24. Fina”y, we want to have a look at the ﬂ ii¥ley ,,},’,,?. CERE T IR R
MEG modality. Press the button EEG -

to toggle the measurement data and

switch to MEG. Then mark an interval
from -30 ms to -5 ms again as before
and switch on the Data button to
review the P.C.A. We can see that the
variance explained by the first
component is reduced to 88.6%.

Run CLARA over this interval. The
result is almost the same as for EEG

using the age-appropriate template

model.

We have seen the influence of the head model onto the solution. In a different research project,
the dataset used here was investigated with the patient’s MRI and using a realistic head model,
and it was shown that indeed the age-appropriate head model template resulted in the closest
match to the location found with a realistic FEM, and to the anatomical lesion seen in the MRI
(Lanfer et al., 2015)%°,

E. Batch processing and export of cortical results

Batch processing

The methods for Cortical Imaging can also be used in batch processing. For these methods,

the following commands are available in the list of batch commands:

10 Lanfer B, Spangler R, Richards JE, and Paul-Jordanov IP (2015) Age-specific Template Head Models for EEG
Source Analysis. OHBM 2015. https://www.besa.de/wp-
content/uploads/2015/07/Lanfer OHBM?2015 Poster.pdf
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e CorticalClara
e CorticalLoreta
e  MinimumNorm

The parameters can be entered after selecting one of the commands.

General commands: Main Program: Source Analysis: Source Analysis Imaging:
BatchError ArtifactAutoCorrect AddSource ) Beamformer
Comment ArtifactMethod ChannelTypeForFit CLARA
EndFor ArtifactOn/off ConvertSource Clip
Far ArtifactScan DICS
MATLABcommand AuxiliaryFiles CorticalLoreta Export
MATLABwaitForVariable Average Delete GotoMax
Pause Baseline DisplayMRI Import
RunProcess EditDefaultEpoch Exit LALIRA
WindowPosition EventRead Fit LORETA

EventiWrite FitConstraint SetCrosshair
Export FitInterval sLoreta
FFT MinimumMNarm Smooth

+ Apply to all files FFTmean MNewSolution SSLOFO
FFTsave OpenSolution UserDefined

o FileOpen PCA

™ Apply at beginning of batch Filter Regularization
GaTo SaveBitmap

i Apply at end of batch ICA Saveleadfields
ICAsave SaveModelWaveforms
ICAselect SaveResidualWwaveforms

aTent Seechon ImportASCII SaveRVan_dGFPWaveForrr Time-Frequency Analysis:
MarkElock SaveSolution D

. Montage SaveSourceMontage Isplay

Silis i Paradigm SaveSource\Waveforms Image
PatternToTrigger SendToMATLAE Save
SendToMATLAB SetCursor SE”dT"MATLA_E
TriggerDelets SetDefaultSourceType StartTF Analysis
TriggerSelect SetOrActivateSource

OK I Cancel SetOrientation

Export of results

Cortical images can be exported as ASCII files. There is a choice between current latency, or
all latencies.

Each mesh node location is provided with X, y, and z coordinates, followed by the value for
either the current latency, or for all latencies. In the case of all latencies, BESA Research
calculates the values for each latency of the current condition during the export process.
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Tutorial 8 — Source Montages and Artifact Correction

What does BESA Research provide?

v Pre-defined source montages

v User-defined source montages

v’ Artifact correction based on surrogate models, adaptive artifact correction, ICA
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The present chapter will introduce the concept of source montages. In BESA Research
source montages can be created by the user, e.g. by a fitting process or by placing sources
in regions of interest. Alternatively, it is possible to use pre-defined source montages. In the

following we will learn about the advantages and the use of source montages.

Based on the knowledge about source montages, we will learn about the background of

artifact correction.

A. Pre-defined Source Montages

Close
Close Al

. . [File] £t View Filters Montage Process ERP Arfact Search Tags Goto Options Help
1. The file should still "Iih o [ | ur ~|| e | ear | o)

Recent Files.

be open. If itisn’t, open it from your recent

Load Channel Coafiguration..
Head Surface Points and Sensoes
MRI Coregistration.

file list: File / Recent Files... o

Send 10 MATLAB.

0110112 01.megd
12151 2159

Impart and Convert ASCII File.

| 2C\ xamples\ERP-Auditary-IntensityyAll_Sut
3 C4\.5_3\Exam ples\ERP-Auditory-Intersity\

cL_er sl o e puc-ser, P et
PL_BR et o n e At N o S st

2. Make sure the button Rec is pressed to i\All_Subjects_cc.fso [ GGG

display the original recorded data. ERP _ Aptrfact==Seaech  Tags Goto Options
21D Rec Vir | Src | Usr | Opt
— i =

-—————

Y\S1-blink ERP.fsg

-R-1 - Copy_ccfsg
or besaltestLisg
1-C

e N

3. From what we see on the screen at the

moment, we cannot infer which brain

regions might be responsible for creating : : ' '

FEETSTESREIEE]

the evoked potentials that can be seen

across all electrodes.

R =

EITEEFEFSTEEEEES

e
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4. We will now load a source montage that

is part of the BESA installation and was
created for auditory evoked potentials.
Press the Scr button and select Evoked
Potentials / AEP.

the data

automatically translated on the sources in

Now sensor-space are
the source montage. As discrete sources
have good separation properties we can
immediately see that activation is not
distributed over all channels any longer
but mainly reflected by the temporal
sources. You might notice that some
sources are displayed with a head
scheme, while others only have a label.
We want to look at the montage in more

detail to find out why.

Press Edit / Montage to open the
montage editor window. The current

montage will automatically be loaded.

BESA Research 6.1 Tutorial
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Goto Options Help
s Vir | Src |

tier | Ont | Fam |
BR_Brain Regions

1 F

CR_Central Region
FR_Frontal Region

PR_Parietal Region
: TR_Temporal Region
AEP Evoked Potentials >
SEP Resting State Montages >

|

FiIe[Edit] View Filters Montage Process

E

Channel Configuration...
Bad Channels...

Montage...

Default Block Epoch...
Trigger Values...

CopY Block to Buffer... Ctrl+C
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7. In the montage editor window press the — -=rmmme ..

button i to display a multiple head

view. The sources are listed in the middle
panel. Have a look at the different
sources by clicking on the label.

8. You will note that the first 6 sources are

single dipoles with an orientation while ‘—-\
) @

the other sources are regional sources , T

that have not been oriented. The idea "
lateral

behind this montage is that it was _

optimized to model auditory data.

Therefore, the auditory cortex sources

have an orientation to reflect activity in the

different major temporal lobe surfaces
(see graphic), while the regional sources
were placed to increase the sensitivity of
the auditory cortex sources. Thus, any
activity that does not originate in the
temporal lobe will be projected on the

regional sources.

9. Close the montage editor window and ———
right-click on the first of the head (8
schemes on the left of the main window. ,

A window will pop up that displays the :Q[

cortical area that is covered by the s

according source. You can view the 58‘ 8
associated brain regions of all sources

displayed on the left of the main window.

10. Note that BESA Research provides predefined source montages for auditory,

somatosensory and visually evoked potentials as well as montages for central, frontal,
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parietal and temporal brain regions. The according brain regions are modeled by
oriented dipoles, while the regions that are not of interest are modeled by un-oriented
regional sources. The source montage BR_Brain Regions does not contain any oriented
dipoles and was designed to get a quick overview about activity in the whole brain.
Note that source montages can not only be applied on average data to get a quick
impression about the active sources. Their particular strength is that they can be applied
on raw data. We will do this in the next step.

~]BESAS3S

11. We will return to the dataset AU o Gom Gt v

auditory intensity experiment that should

still be available in your recentfile list: File

Export.
Send to MATLAB

| Recent Files... nport s Coner ASCH e

Print Preview

12. Next, we will filters to the data by pressing  [veeserersemes T |

[ Low Cutof Filter

the EdF button or (Filter / Edit Filter T e ¥ e =] sope: FET ]
Settings). Define a Low Cutoff filter of 0.1 I (0@ aiAes
il [ a0 [zeraphase -] [24aB/0t =] |
Hz, forward, 6 dB/oct and a notch filter | ¢ me |
) il Freguency [Hz): [ =0 Wieth(Ha: [ 2 ll
of 50 Hz, Width: 2. | |
|| [ BandPass Filter B
I [ 80 [ s I
I
il Sampling Rate: 250 Hz oK l
I |

13. Now we will load the artifact definition file — ES\ERPAUGIONINESN S L

that contains the blink information we  Process ERP [Arifact| Search Tags Goto Of
IG | ERP | D Automatic... E Usr

created earlier. Press Artifact / Load and

select the file . Make sure the i \C‘F'EW t
arrec
artifact correction is switched on (a blue = -—"v-"" Select
elect..
corrected should be displayed in the top ~ ~™ 7 _
I Options...

left corner of the main window). Load
| Oad...

i Save...
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14. We will now apply the source montage  Goto Options Help

AEP again by pressing the button Src M' = .Dpt .| =1
BR_Erain Regions

and selecting Evoked Potentials / AEP. CR_Central Region

T FR_Frontal Region
T PR_Parietal Region
e TR_Termnporal Region
AEP Evoked Potentials
SEP Resting State Montages

15. Again, we immediately see — even in the
raw data! — that the majority of variance in
the data is produced by temporal lobe

sources.

16. Make sure you are in the first screen and
switch off artifact correction by pressing
ctrl-E. Note that a large signal now
appears in the frontal sources (mainly
FpM). Also note, how the eyeblink has an
effect on auditory cortex sources. This

I el
demonstrates the necessity to control eye
artifacts by either rejecting them or
correcting them. Switch correction back
on by pressing ctrl-E again.
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B. Creating a source montage

1. We will now create our own source T mﬁ"- CARGEATaTIT
Clase All 1;\_ :n A
montage based on the source model Mo —— s iy e

we created using the grand average —

Send to MATLAB,

jonal

Import and Convert ASCI File.

data of the auditory intensity o

A, T\ les\TFC- Error-Related- Negativity\ Comect + Error.foc.
B. DA\..t_ordner\Pejmanitest-2 for besa\Pej-R-1-exportfoc
C. D\..topitest_ordner\Pejmanitest-2 for besa\Pej-R-1foc

experiment. Return to the dataset
that should be

available in the file menu. Ifitisn’t, open

¥ Y a
G.C y 20 o
H. DA\._ordner\Pejmanttest for besa\Pei-R-1 - Copy_ccfsg
i L D:\..Desktophtest ordner\Pejmaritest for besatestLisg
it fa s oncme Ay A o DAL osner Pemanites or besalPei -1 - Copyfsg

i KM\ <kiorhtest orined Peimaritest for be<a\Pei-R-1 foa

it from your recent file list: File / Recent

Files...
2. Select condition High, right-click and Top View of Data
. . . . = Whole Segment
senditto source analysis with settings o

Linear Correlation
Source Analysis

-50 to 250 ms, a Low Cutoff filter of 0.5
Hz, forward, zero-phase, 12 dB/oct. R
and a High Cutoff filter of 40 Hz, zero-
phase, 24 dB/oct.

Define as Epoch
Define as Artifact

Write Segment
Copy to Buffer 4

Define Artifact Topography

Epoch: -91.0..315.6 ms, Filters: 0.5 - 40 Hz
Epoch: -50.0..250.0 ms, Filters: 0.5 - 40 Hz
Epoch: -300.0..1000.0 ms, Filters off

I

3. Open the source solution we created F5] Open soivuog
Lookin [ | ERP-Auditory-intensity ~] ¢EcEr
earlier on in step D of Tutorial 4. Press S Name ‘ Dstemodiied
2 ":ﬁ | Averages 21.03.2011 15:08
ecentPlaces
. . . | test 17.022011 1431
Flle / Open SOI U'[IOI’\ and Se|eCt the flle - ). test2 24,03.2011 10:56 E
Deskop LA 3RSbsa 09.122009 15:17
: Lowlntensity_2RS bsa 091220091517 |
r=" LowIntensity_2SD-test.bsa 17.03.2011 15:57
iirErTes SLbsa 29.03.2005 16:32
1 k SLavbsa 04.03.2011 13:57
) SL-ACbsa 29.032005 17:04
Computer
S1-AC_testbsa 04.032011 1501
@ S1-AC+SCbsa 200320051706
Network < il »
File name [Fighintensity_3RS.bsa ~| Open |
Files of ype |BESA Solutions ("bsa) ~] Cancel
Folders [Data Folder ~]
=)
BESA Research 6.1 Tutorial Page 191 of 318

Copyright © 2017
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany www.besa.de



BESA®

Tutorial 8 — Source Montages and Artifact Correction

4. We will use this source model as a = | i —
source montage for our raw data. In the " - -
present case, this source model is : &
sufficient, but when data are very noisy, ;"*-'1 ( ,r ;
it is advisable to add probe sources to

the model.

Remember that activity in any brain region that is not modeled by a regional source will be
projected on the sources of interest. l.e. any noise or unsystematic brain activity that is not

related to the stimulation would be projected on our three sources.

5. As we are interested in auditory cortex ¥ f»//

a i ™\
'y \
= | Anofr Anfit| Startfit|  MultS Probescan || BrainVoyager \
= 174 ’~ \
{
B yall q
ave Solution As. i1 S

activity and activity in the frontal area that

becomes active in the high intensity
condition, we need to make sure that BESA

uses oriented sources in the source

montage. In order to make the orientations
of the auditory cortex and frontal sources

available for the source montage, we need

ETTRERETTENTn o

to convert the according sources to single

dipoles. Select source AC_Left in the head

schemes, right-click and press Convert to

Single Dipole.
6. You will now see three individual traces for [Q?‘( _)
AC_Left, AC_Left2 and AC_Left3. They e | O

correspond to orientation 1 to 3 of the

z
Ei
E

g Bg| Bs| Bs
] 27 23] |2

regional source. Repeat the previous step

i [ on AC_Righ
for source AC_Right and Frontal. o N .‘ J
[fon AC_Right3 —
] 7z T\\
=T = (& O
’T ital3 k/\
No fit|
-] !
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7.

Save the source montage by pressing File
| Save Source Montage As... and specify
the name

Close the source analysis window. Press
OK to terminate without saving the source

solution.

) BESA - C.rtages\AEP All Subjicts cc.fsg - Hight 10 ava, Filters: 05 - 40 Hz, -48 .. +252 s - Source analysis

[File] condition 1 Solution 1 Fit Image Optians Help
Open Solution.
Append Solution
Save Solution
Save Solution As
Save Source Waveforms
Save Source Waveforms As..
Save Source Montage
Save Source Montage As..
Save Source Analysis Window as Bitmap..
Save 3D Window as Bitmap

Send 1o MATLAB,

ctils0
Ciri+A

Ciles

crlsW

Cirl+G

Res. Var. Energy
HRv.: 3.072%
Best: 1.338%
-

Mult.5 ProbeScal

1 CABESA Workshop\Data Source Montages\AEP_3RS.bsa N fit
2 DA . \MEG Aduts\mspilot03_QS\iRS.bsa
3 DA\ .. \MEG Adults\mspilot03 QS\iRdbsa on
4. \Examples\ERP-Auditory-Intensity\Highlntensity_3RS.bsa Na it E B N
5CA ... \Examples\fMRI - EEG-RT-Experiment\RT14.bsa
& DA .. \EEG Coregistration Test Data\EEG-RT-Experiment\RT-6RS.bsa on
7 C,...\Examples\MRI+ EEG-RT- Experimenf\RT-4RS-2D-seeded bsa No fit|
BCA.. EEG-RT- \T-4D-seeded.b
9.CH, .. \Examples\IMRI + EEG-RT-Experiment HRT-2RS.bsa on
More o | | Notit
Display Comy
play Complete Paths. =
Exit Mhost] ="
" |
[on
L1 No fit

Now we have created our own source montage for the auditory intensity condition that

includes the fitted sources along with probe sources. We will now apply this montage on

our grand average data and the raw data of subject 1.

Return to the main window. The newly
generated source montage was already
applied to the grand average data. Please
note that the activity increase from 60 to
100 dB in the frontal source can clearly be

observed using this montage.

We will now return to the raw data of
). It should still be

available in your recent file list: File /

subject 1 (

Recent Files...

[Fle] €dit_View Filters Montage Process ERP Artifact Search Tags Goto Options el
r | Vsr | Ope |
¥

Open.. an-o
Close

Close All

Recent iles.

Load Channel Configuration.
Head Surface Points and Sensors
MRI Coregistration..

Export_.

Send to MATLAB,

Import and Convert ASCII ile.
Print

Print Preview

Bt

AR

-5 3\Examples\ERP-Auditory-Intensity\test\S1.2sg

sl

:"J LF | W | NF | EdF | EEG |

8.cA

20-

9.C\

A G Jes\TFC-Error-Related-Negativity\Correct+ Emor foc
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10. Press the Usr button and select our iags=ssmimi=s. . -
source montage Highintensity_3RS- :
test. We will use this source montage later

on for coherence analysis.

& SRR G o e e m e e R [ ]

C. Artifact Correction

In the following we will learn about the background of artifact correction. Artifact correction
always aims at extracting unwanted signals like EOG, EKG or external noise from the data,
while leaving all brain activity of interest as undisturbed as possible. To achieve this, artifact
and brain topographies must be separated. Depending on whether one is dealing with
spontaneous or evoked activity, different approaches for artifact correction are appropriate.

These will be discussed and demonstrated in this tutorial.

Principles of artifact correction

For artifact correction, artifact and brain activities must be identified and separated. In general,
artifact and brain topographies will be spatially correlated. Hence, a simple regression or the
projection of the data onto the subspace orthogonal to the artifact topographies will severely
distort the data (see Subspace Projection approach below).

For a correction without distortion, it is not sufficient to define the artifact topographies (to be
removed), but it is equally necessary to create a model or a spatial description of the brain
topographies (to be retained). The first two of the following three methods also create a model

for the brain activity:

1) Adaptive artifact correction: (llle N, Berg P, Scherg M. Artifact correction of the
ongoing EEG using spatial filters based on artifact and brain signal topographies. J. of
Clin. Neurophysiol. 19:113-24, 2002.)

This method estimates the brain activity from the data currently displayed on the

screen. The data is scanned in specified time intervals. Those segments are
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considered to represent brain activity where 1) the correlation between data and artifact
topography does not exceed a certain threshold and 2) the signal amplitudes are below
a specified threshold. Of the remaining segments a principal component analysis (PCA)
is performed. All PCA components explaining more than the minimum variance
specified in the box Adaptive Model: PCA Topography are maintained. They span the
brain signal subspace.

In a next step, the recorded data is decomposed using all topographies into a linear
combination of brain and artifact activities. Thus, the estimated artifact signals are much
less overlapped with brain activity and can be subtracted from the original signals

without much distortion.

This approach is recommended, in particular, for the review of continuous EEG or MEG
data.

2) Surrogate Model approach: (Berg P, Scherg M. A multiple source approach to the
correction of eye artifacts. Electroencephal. Clin. Neurophysiol. 90:229-41, 1994.)

Here, brain activity is modeled by a model consisting of multiple equivalent current
dipoles. The artifact topographies are added to this model and the combined model is
then applied to the recorded data. Again, the estimated inverse signals separate the
brain activity associated with the surrogate sources from the artifacts to a high degree.
Thus, the artifact signals can be subtracted without considerable distortion of the
activities originating in the modeled regions. This approach considers the activity in

the modeled brain regions while the on-going EEG is not modeled accurately.

Therefore, the surrogate method is especially recommended for the correction of data
to be averaged if the average signal is smaller than the EEG or MEG background. In
this case a model cannot be estimated from the on-going data. Therefore, a-priori
knowledge of the involved brain regions should be employed to create an appropriate

surrogate model.

3) Subspace projection (SSP, regression): This approach has been commonly applied
in the literature. SSP does not contrast artifacts and brain activity. Rather, the complete
subspace spanned by the artifact topographies is projected away from the recorded
data. This leads to undistorted data only in the highly unlikely case when artifact and
brain activity have exactly orthogonal topographies. This is generally not the case in
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real data. In the likely event that evoked brain activity has a topography correlated with
the artifact, this method removes the correlated fraction of the brain activity. As one of
the negative consequences, maps of the corrected brain activity will be severely

distorted after SSP correction, as we will see below.

Therefore, this method is not recommended.
The following chapters demonstrate the practical application of these different approaches.

D. The Effect of Artifact Correction on Averaged ERP data

For a traditional ERP analysis (e.g. analysis of peak channel amplitudes and latencies), artifact
correction can be applied to the averaged ERP data. This chapter demonstrates how the
different correction methods affect the obtained result.

1. Please open the file R e : _
Lookin: | . ERP-Auditory-Intensity ~| cf B
located in the P ame : Datemodifes =
Rm‘:;ms | Averages 21032011 15:08
. This file contains the average of I vtz |3
Deskiop All_Subjects_cc.fsg 09.12.2009 14:35
conditions 60 to 100 dB, Low, High and All F- g iy
) ) Libraries S1_av-testfsg 14.03.2011 16:05 I
along with an averaged eyeblink. Change ! A ST IR i
. Ccrnpmev Sljr-lseg;t Tt 14‘03‘2011 16:06
to the virtual reference-free montage by | & Sais BRwmBRE
Network <[ i »
pressing the Vir button and selecting the | Flomame  [SrbineERRig =] w ||
Files oftype: [CurrentFile Type (*fsq) | Cancel
entry Reference Free. [oats ol =l
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2. We will demonstrate the effect of artifact ..
correction with focus on the 60 dB
condition. Use the time scaling button at
the bottom right of the window to set the
time scaling to 2.0 s. Press the amplitude -
scaling button under the Scp button to

increase the displayed scalp channel -

amplitude to 5 pV.

3. From the Artifact menu, choose Select.... [CIBESASS - Ch.2\6x
File Edit View Filters Montage Process ERP iArtifact Search Tags

| F | F+| wrs | sAwW ” 3D IMG | ERP | D Automatic...
virtual Reference Free

Fo_rfr

View
Correct

A1_rfr
'Po_rfr
Fp1_rir

Select...

Options...

: Load...
F7_rfr : Save...

T7_rfr
P7_rfr

4. Note that the blink artifact topography that [ateccoreaon 0SSl

. . Select Topographies | Estimat igna
we defined in the raw data has been pegepties | Esimae sl

Select Mo of

assigned automatically to the averaged file S

[~ HEOG =

Cwveos [ =]
the checkmark next to the Blink category. VB [fees ] M

[~ ExG E
[~ Othen -
[~ Other2 -

Load Save EEG
OK | Cancel Help

as well, but is not selected by default. Set
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5. Switch to the Estimate Signal tab. We will [arcicomecion ol |

Select Topographies Estimate Signal I

compare the three different approaches for
artifact correction offered by BESA
Research. First, select None (SSP-
Regression) in the Model of Brain
Activity box to correct the data by I
subspace projection. Press OK. o hiawe. © Surssn_® : |

Surrogate dipole model *hsa)

xamplesERP-AuditonHntensit S1-AChsa
oK ‘ Help ‘

6. Make sure that artifact correction and view (] BESA 53 - C\-3\Eamples\erp-AUGHOR RS NS TBIRRTERe SN

. . . File Edit View Filters Montage Process ERP Search Tags
is selected in the Artifact menu. F[F+| wrs [ sAw |[ 30 MG | ERP | D

Automatic...

virtual corrected Reference Free

: v | View
Fo_rfr v Correct
Al_rfr : Select...
POfr M b—w :

: Options...
[l 5 o e e—

: Load..
F7_rfr "—'—ﬂ“%ﬁ Save...
T7_rfr w
=% J i I e

7. Press the scaling button for the Blink |l cumnsie

File Edit View Filters Montage Process ERP Artifact Search Tags Goto Options Help
-F|F+| wrs [SAW|[ 3D MG | ERP [ DSA | Rec | Vir Src | Usr | Opt | EdM | LF |

channel to scale it up to 10 HV. The blink | yuceceisemcere

Fo_rir

A _rfr VWW
activity has been largely corrected. o[ o T T T

F_rir

Remaining activity in the first segment is |/

due to the 0.6 % of variance that is not — g
explained by the first PCA component. Egm%
Including a second or third PCA component -
in the Select Topographies tab would ﬁ
improve the correction. However, the more | =« S —

artifact topographies are being defined, the |

T

more likely the brain activites become |am | e
. ‘ Auto ’ { * ‘I [} [} [} [} [} [l
dIStO rted " ‘ [Time: 00:00:00 | | Tute‘ﬂ U‘U.UU 1 Offs: 00:00:00 Cur.0.000s Filters: 0.5-¢
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8. Double-click in the second segment at the latency of the N100 component (ca. 90 ms) to
obtain a 3D whole head map of the corrected data at this latency. The map is severely
distorted by the SSP correction: Instead of the N100 topography, a strong frontal positivity is
observed that is typical for the blink topography. The reason is that SSP is not able to contrast
the artifact topographies with the brain signals. Since the N100 topography is correlated with
the blink topography, the correlated fraction of the N100 contribution is removed from the data
by the subspace projection. The correlation can be seen in the bottom trace which depicts the
blink signal estimated using its topography throughout the data set. At the time of the N100,
it shows an upward deflection. Hence, SSP subtracts this part weighted with the blink map.
Thus, a more inferior frontal positivity is introduced. The net resulting map, however, has been

made orthogonal to the blink topography over all electrodes.

18654 53 - G S EranpRERP AR
F+| WrS | SAW |[730 MG | ERP | DSA | Rec | Vir _Sr | Opt | EdM | LF 4 30 Mapping: G -

P10_rir

BUNK | / - —— —
biink: 148 avs. [ 0dB: 92 avs wome  comaed

‘l"“' ’l 'I 'In‘ T T T i EEG - Voage - 0504 tsop [

Tgne: 000000 Total: 0000:11 Mark: 0,089 s Cor: 0089 5 Fiters off Buffer: 1 Viw: Original Correct; SSP

9. To see how the adaptive method improves mplesERP A S

ors Montage Process ERP |Artifact| Search Tags

the result, select Artifact/ Options. v[[a0 MG |ERP| O avomac. |

ference Free
; v View

— i

Correct

! Select..

—_— L
! Options...
— -
: Load...
T Save...
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10. As Model of Brain Activity select Adaptive. [atfaccoreaion L6 A

Select Topographies Estimate Signal 1

The Minimum  Variance threshold

Adaptive Model: Original Data Topography
EEG

determines the number of topographies MecAmpliude: 1000 pv

Max. Corr. with Artifact ’7
50.0

that are considered brain activity which is || Suseacsvar

Scan Interval (ms) 16.0 - i

contrasted against the artifact topography. | —adeewsdel poatopegaphy |
Set the threshold to 5%. To view the time | ""=® |

|| Model of Brain Activity
course of the brain topographies, press | —©kieie  swosee  C Nee(ssP-Resression | iolimdoms |||

ogate dipole madel (Mhsa) i

Brain Act|v|ty View Waveforms. | [remplestERP-AuditeryIntensit\S1-ACbsa i

( oK Cancel Help

11. Three PCA topographies serve as model |-

for the brain activity. In their time courses,

the auditory N100 component is mainly

represented by the first component. Note 1

- —Ex

that the 4 displayed components have topo-

graphies that are orthogonal to each other,

but they are not orthogonal to the artifact
topography. Accordingly, this approach will
retain brain activity even when it is spatially
correlated to the artifact topography.

Filters Montage |Process| ERP Artifact Search Tags Goto Optic

12. To see this, close the PCA Waveforms and saw|[ 3 m

1 Re Fre Source Analysis Usr | O
Estimate Signals windows. If the cursor at — i R
) . ) . I CSD-Laplacian Maps T
ca. 90 ms is still set in the second condition, —— | MEGMaps L
—_— Density Spectral Array "
select Process/Voltage Maps or type the — P e A
. Mean FFT-Spectrum. L
hot key M on the keyboard to obtain the 3D — | peesfrSpeaun e
H T Linear Correlation |
map of the adaptively corrected data. 1 Noniinea: Regress —
| Movie | —
T | BatchSaripts.. shiftsR |
— T~ Run Batch... R ™

BESA Research 6.1 Tutorial Page 200 of 318

Copyright © 2017
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany



BESA®

Tutorial 8 — Source Montages and Artifact Correction

13.

14.

The maps are nearly undistorted by the

artifact correction and show the typical

N100 topography. As a correlate, note that -~

the blink waveform does not show any -

interaction with

components. This indicates that blink and

brain activities have been very well

separated by the adaptive method.

Press Artifact / Options and check
Surrogate in the Model of Brain Activity
box. The surrogate model approach is
useful if evoked activity is to be contrasted
against eye movement artifacts and if the
evoked activity is small as compared to the
background EEG / MEG. In this case, the
adaptive model does not well model the
evoked activity and artifact correction is
likely to create distortion. Therefore, a
should be

established a) on the basis of a priori

surrogate  source model
functional-anatomical knowledge, or b) by
using a multiple source model or spatial
components defined by a PCA from an
average with all artifact epochs rejected

and fewer trials.

the auditory evoked :

b 148 v
LR AN
Tl

T 005000 WO0T1 Mk 008 %

Al

Sre | Usr | Ope Ea | Lr | v | | EoF | EEO

@ 0 voprs 5. Voo - .
T -

asepwraep |

Cor 068 %

rtifact Correction

Select Topographies Estimate Signal I

Surrogate Model: Regularization

Atifact (32).

o
-

Brain (%):

Surrogate Maodel: PCA threshold

i

Min. Variance (%)

Model of Brain Activity

Birain Activity:
View Waveforms

. i~ Mone (S5P - Regression)
Surrogate dipol el *hsa)

|'xampleS\ERPfAuditmy\n(enaity\mfAC bsa Browse

0K Cancel

Help

———— =
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15. Press the Browse button to load the solu- [[E)ied suestevsdiorian A

i Lookin: | | ERP-Auditary-ntensity ~| f B~
tlon that Was Pl Name - Date modified il
. . . = | Averages 21.03.2011 15:.08
created earlier on, consisting of a “!"' I test o |
| test2 24.03.2011 16:50 T
symmetrical pair of regional sources in the | = o o e oot 1129
. . el LowIntensity 2RS.bsa 09.12.2009 15:17
auditory cortex. The stored two regional ks Lowlntensity 25D-1¢{Type: 354 F e 17032011 1557
:L S1.bsa Size: 731 b_y_‘[es 29.03.2005 16:32
H H = . H 51 av.bsa : 04.03.2011 1357
sources model the bilateral brain activity in C;mim i 2005 9005 108
S1-AC _testbsa 04.03.2011 1501 o
the supratemporal region and are Newerk < ,
. . . . File name: | ﬂ Open
Comblned Wlth the deflned artlfaCt Files oftype: |Surragale Dipole Models (*bsa) ﬂ Cancel

Folders [Dats Folder |

topography to separate artifact and brain

signals?t.

16. Press OK and press M to view the 3D map - ST PP

 Refrence ros —

taw
g g/

of the surrogate-corrected data at the

cursor latency. Similar to the adaptive -
method applied to the averaged data, the :
brain topographies are nearly undistorted.

The blink waveform does not show any

interaction with the auditory evoked compo-

nents.

. — : : ]

Time: 000000 Tok 00001 Mk 008 s Gorl 000w FA_rir AB2 Y Fitors it Butfor: 1 iew: Orginsd Correet: Sure

E. Source analysis of artifact-corrected data (not recommended)

Accurate source analysis of artifact-corrected data requires knowledge of the artifact
topographies that were removed from the data. Otherwise, source activities will also be
distorted. If an (averaged) data segment has been created (and/or stored as binary segment)
by the program, BESA Research knows the artifact coefficients as indicated by corrected at
the upper left. Otherwise, an ASCII file (*.art) with the artifact topographies must be provided.

111t is not necessary to create a surrogate source model. Predefined surrogate models are provided by BESA
Research.
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1. Left-drag over the second segmentto mark —sessie msposion - Ftersennge

(" Whole Segment

a block. Right-click and send it to source & G e Erquency 15 ) Siape [Gdbrea ] Topeffoners =]
. i ) I—L|Pvevmgs High Cutoff Status [ Enabled
analysis with settings -50 to 250 ms, Low ,_ED_(MS)M;TQS s Ry <o B o E
Cutoff filter of 0.5 Hz, 6 db/oct, forward P @
. . [~ Al Conditions Source Analysis SetBlock Cancal
and High Cutoff Filter of 40 Hz, 24 db/oct,

zero-phase.

Low Cutoff Status [¥ Enabled

2. Load the source model

by pressing File /
Open Solution. The letters ART in the |

EEG +|i

(@) (53 '

status bar at the bottom right corner of the

window indicate that this data is artifact- | g 2
I /"Li?\a /“'—\-\\ I

corrected and that BESA Research knows | ﬂ%} {@D, :
}E_ y, WL |

the topographies of the corrected artifacts.

£9 &)

7= -

14

Data Residual (1-12 of 31) =50 rms js;::m- lacations |
Time: -36.00 ms LT
. |}

Depending on the correction method, a fraction (adaptive, surrogate) or the complete (SSP)
dimension of the artifact subspace is missing. Despite this fact, the source analysis window
ensures correct localization and correct source waveforms (S) of fitted sources. This is achieved
by a SSP method that projects both the data (D) and the source topographies (L) onto the
subspace orthogonal to the subspace that is spanned by the artifact topographies. Accordingly,
the display shows the SSP-corrected data, independent of the correction method used in the main
window. The fact that the source waveforms are recovered correctly by this approach can be seen

from the following equations:

Uncorrected data: D=L*S
Corrected data: (P*D) = (P*L) * S

Here, P is the operator that projects into the subspace orthogonal to the subspace spanned by

the artifact topographies.
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Double-click in the waveform box to set a
cursor at the N100 latency. Right-click and
select Display 3D Maps or type the hot key
M on the keyboard.

BESA Research displays a warning
message. It explains why the following map

will be distorted. Press OK to confirm.

The topography is severely distorted by the
subspace projection that was applied to the
data. Although the source waveforms
obtained by modeling the corrected data
are undistorted, the data displayed in the
channel box and in the global field power
(GFP, blue line in the upper middle box) are
distorted. As a consequence, loading
corrected data into the source analysis
window is less recommended. Close the

source analysis window.
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F. Contrasting artifact and brain topographies —the Optimizing method
(recommended)

In order to obtain correct source localization, the presence of blink artifacts in the averaged
segments must be taken into account. This is done by including the artifact topography in the

multiple source model during source analysis.

1. Switch off artifact correction by pressing

ctrl-E. You can confirm it is switched off as
corrected is no longer displayed in the top
left corner of the main window.
=
T e T Ce—

2. Left-drag over the second segment to mark

R e
a block. Right-click and send it to source ;m

analysis with settings -50 to 250 ms, Low
Cutoff filter of 0.5 Hz, 6 db/oct, forward ]

Top View of Data |-
‘Whole Segment

| FFT |
Linear Correlation

and High Cutoff Filter of 40 Hz, 24 db/oct, - Source Analyss =

Zel‘O-p h ase. : Define as Artifact —

Write Segment —
Copy to Buffer 4

Define Artifact Topography

RN
—
] Define as Epoch I~
Y
b
N
e

Epoch: -50.0..250.0 ms, Filters: 0.5 - 40 Hz L

?

—

[ B€sA - CAory-IntensitS1-biink+ ERP.f5g - 60B: 82 avs, Filters: 0.5 - 40 iz, -48 ... +248 ms - Source analysis =B %
3. Load the source MO ] — —
Data Mod. | Res. [ID|] | PCA | EEG [Ros. Var.| Energy [Min. Dist _mage _[1fodel Wf
. . || 505 ogmm T e , R
by pressing File / ol o - ==Y
Lookin [ ). ERP-Auditorynensay ~] *®meorEr bone  csf
. ; v [ o |
O en SOI u tl on Name Date modified =
p . - | Averages 210320111508
FCoig| RocotPloces o 17022011 1431
FC1 - ) test2 24032011 16:50
Duakiop Highintensity_3RS.bsa 09122009 15:17
FZ soaem e Highlntensity_3RS_AEP-testbsa 25032011 1123
s = Lowintensity_2RS bsa 091220001517
B Lowlntensity 2SD-testbsa 17.03.2011 1557 |
2 i A Sibsa 200320051632 |
St.avbsa 040320111357 |
Aoty e SI-ACbsa 290320051704 r
PO~ Q S1-AC_testbsa 040320111501
Network. « 1 »
P9 =~——a
- G vy =l o |
Files of type [BESA Sokions (" bsa) ~l Cancel j |
S Folders: [DataFoder
P7 S

l
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4.

Next, we will load the artifact topography into the source analysis window. This will create a

spatial component explaining the blink topography.

Press File / Append Solution.... In the
drop-down menu Files of type: select
Artifact Topographies (*.atf;*.art;*.coe).

Select S1-blink+ERP atf and press Open.

The PCA

component of the blink artifact is now

topography of the main
appended to the current solution. The
corresponding waveform and the equi-
valent location are shown in the source
analysis window. This is the component
explaining 99.4% of the artifact variance
that was selected during the artifact

definition.

Again, double-click in the waveform box to
set a cursor at the N100 latency. Right-
click and select Display 3D Maps or type
the hot key M on the keyboard. Note that
the map is not distorted but shows the

typical N100 topography.
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=

‘lne Condition 1 Solution

8. Switch off the spatial blink component by [T <o @ fei ai e s
Bl Fr

pressing its On button and close the 3D
mapping window. Press All Fit and Start

Fit to see how the fit changes if we don’t
take eyeblink activity into account. Note |
that the auditory sources locate more
anterior and medial than before. Switch the

spatial blink component back on and repeat

the fit for comparison. Close the source

analysis window without saving anything.

G. Artifact Correction of raw data using ICA

In Tutorial 1 we already saw that it is possible to use ICA components for artifact correction.
However, we only used ICA to determine the artifact topography and proceeded with artifact
correction also using the adaptive or surrogate method. Thus, we used ICA decomposition as a
different technique to estimate the artifact topography (in contrast to averaging the artifact and
decomposing it using PCA). There is an alternative way to use ICA decomposition for artifact
correction by creating ICA-reconstructed data, i.e. creating a “new” dataset only consisting of non-

artifact-related ICA components.

EEG/MEG data can be considered as a summation of topographies that are differentially active at
each sampling point. Subtracting an artifact topography reduces the data by one dimension. This
can potentially lead to severe distortion of brain activity of interest (as previously demonstrated by
the SSP correction method) if the brain activity of interest is not modeled. Creating ICA-
reconstructed data leaving out artifact topographies poses the same problem. However, ICA
decomposition has the advantage that ICA components must be as independent as possible, but
they may overlap to some degree. This means that if the artifact topography is correlated with a
topography representing brain activity of interest, some other ICA components will also most likely

be correlated with brain activity of interest.
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Artifact Signal LR
of Interest

Thus, subtracting an ICA component will not cause distortion as pronounced as SSP correction

does, as the correlated part of the signal will still be represented by the remaining ICA components

at least to some degree. Nevertheless, there will be some distortion as it cannot be fully prevented.

The distortion effect gets the more reduced, the more electrodes are available, as the number of

electrodes determines the number of ICA components. The more ICA components are available

that represent brain activity of interest, the less likely data will be distorted after subtracting an

artifact topography.

1. Open file from the

folder. Make sure, the
REC button is pressed, that you are
displaying the first screen and that artifact

correction and all filters are switched off.
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2. Press ICA / Options and select PCA off. Imop

Switching PCA off will lead to ICA
decomposition running on all data. PCA on,
Minimum Variance of 1% (default) will (" PCAon Min Variancs:

reduce the data by all PCA components " PCAon, Nr. of Components:
explaining less than 1% variance before
running ICA. PCA on, Nr. of Components Ok I
12 (default) will reduce the data by the

smallest 12 components before running
ICA.

3. Press ICA / Current Screen to start ICA

is [ICA| ERP Artifact Search Tags Goto Options Help
R Current Screen Vir | Src | Usr | Opt | Edm |_

Whole File 1 ;
w i
Options... . ;

decomposition.
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BESA Research 6.0 - Ci\...esearch_6_0\E \ERP-Auditory ity\S1.cnt QE‘ |

File Edit View Filters Montage Process ICA ERP Artifact Search Tags Goto Options Help
-F|F+| WrS | SAW|[ 3D IMG | ERP | DSA [ ICA | Rec | Vir | Src | Usr | Opt |EdM | LF | HF | NF | EdF | EEG

source 1 Add
ICAT e T o s S RV SUU RSV IS e e Y.
1cA2 S

T T I

[CAA ettt et i e e A P TLAEURRASS )

ICAS s matbds oty ¥ e el e T S N i i At oo W o i

ICAB et tr—bi s tmod Ao g oo el

ICAT st At bt s g iyttt i e g A S mgto ettt e s

ICAB A St e AN gt et g it B et A e A e A P IS NNl b Pt g oot A

ICAS Attt pmssmis

IcA10 sty e A A o (AP et b A A PIt i

ICA11 A e A g A s, s ANt e P i i P UANNATIA, L i i A b e

TCATZ st g e b s 5 e ek b 7Pl AN 5 Bt AN sttt et A bbb i T Sy
[CAAT Aoty hhmsto s A i et A Al gt et iremarnfoprhelewrioe
ICA14 A bt Bri

[CAAG oot o et R et b o e e A P B st B e bt A AR A P A MME
ICA1E armtmrmre st R vttt LIS
ICA17 sl e, o o PSR A |
R T A S WWWWWME
ICA19 s st At A et oA SRl e b s 0 S i b
JCA20 ettt gttt et Ao At < A
ICA21 R L I e N T e P g i

B i e e SR | e
0 B A A e P

ICA24 b T Pl o g A topet (vhppbert.g T T e T
ICA25 L Y et A YA At P
ICAZE et b e Pt P e e A o e A Pt Ao A ANAANOIAD et N

ICA2T ~mtrvian AN M w Aottt oot A e el A SN g ety Sy M0 b A
ICA28 wpurmematiuprtirs o e Ha T TR PR R PP P ARt A b A it o b el Py
ICA29 aredpirin e et ¥ { ot b ] s Y h ST TR, PN By

ICA30 b VAl A s b A A P o oot} e it S et PP,
ICAZT st e Y R VORI et

Time: 00:00:00 Total: 00:16:02 Offs: 00:00:00 Cur: 7.524 s : ICA1 : -40.5 nAm Filters off Buffer: 1 View: Original

4. ICA will output 31 ICA components, the same number as EEG channels are present on the
current screen. Some of the channels will represent brain activity, and some will represent
artifact signal. Each ICA component is associated with a topography, and a source waveform.
Source waveforms can be estimated by assuming a spatial component at the center of gravity
of each ICA topography. Multiplying the data with the pseudo-inverse of the matrix containing

the ICA topographies will yield the ICA source waveforms.
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5. ICA2 seems to represent an eyeblink and
ICA4 seems to represent cardiac activity,

which we had not noticed previously.

Note: itis possible that in your case the ICA
components representing the blink/EKG
are not ICA2 and ICAA4. If this is the case,
locate the respective ICA components and
use their according label in the following!

Right-click on the label ICA2 and select
Map Topography.

7. The map confirms that ICA2 does indeed
represent blink activity. In the following, we
want to neglect ICA2 and create a new
dataset containing all ICA components but
ICA2. Close the mapping window.

BESA Research 6.1 Tutorial
Copyright © 2017
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany

(¥)] BESA Res 0-
File Edit View Filters Montage Process ICA ERP Artifact Search Tags Goto Options Help

-F|F+| wrs [ saw |[ 3D IMG | ERP | DSA [ ICA | Rec | Vir | Srysr | opt | E
source 1 d

IR e e e e e
IcA2 VAN I
ICAT e o et e e et~ e e
ICAA  wrmmme et i e P b e i it g et
ICA5
ICA6
ICA7
ICA8
ICA9
ICA10
ICA11
ICA12
ICA13
ICA14
ICA15
ICA16
ICA17

source 1

ICA1 g :

— Map Topography L
IcA3 Define As Artifact Topography -
ICA4 Send Topography To Source Analysis

ICAS Save Topography

ICAB Export ICA Reconstructed Data Without Selected Components: Current Screen

ICAT - Export ICA Reconstructed Data Without Selected Components: Whole File

ICA8

ICA9

ICA10

fme e mat a ke . ' . . ah U Ao adean
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8. Make sure to left-click on ICA2 only in e seenne0 Greea e neanpes v Ao ers s R

order to select it. Right-click and choose
Export ICA Reconstructed Data Without
Whole File.

BESA Research will now create a new file

Selected Components:

containing ICA-reconstructed data.

9. Save the file under the suggested name

Sl.ica.foc.

10. As segment comment, enter without blink

and press OK.

11. Press File/ Open. Change Files of type to
BESA Binary Files. Select Sl.ica.foc and

hit Open.
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File Edit View Filters Montage Process ICA ERP Artifact Search Tags Goto Options

F|F+|wrs [sAaW |[ 3D MG | ERP | DSA [ ICA | Rec | Vir | Src | usr | Of
source | : 1 :

ICA1T -~ -
- Map Topography L
IcA3 Define As Artifact Topography -
ICA4 Send Topography To Source Analysis

ICAE Save Topography

ICAB Export ICA Reconstructed Data Without Selected Components: Current Screen

ICA7 Export ICA Reconstructed Data Without Selected Components: Whaole File

ICAB 0t b g it e T o bt e
ICA9 MWMMWWNWMWWMMWM
ICA10 WWWMWWWWMWWW
IcA11 MMWMWWMMWWWMWWWMW

e e N e

Export I[CA Reconstructed Data Without Selected ComEnen‘Is: ‘Whole FiI_E
i Savein | | ERP-Auditory-Intensity ===
| o Name Date modified
~p No items match your search.
RecentPlaces
|
-
Desktop
u_d‘
Libraries
[ k
Computer
Network
< | i 3
File name ~| Save |
Save as type |Binary High Resolution (*foc) ~]| Cancel

Please Enter a Segment Comment

Segment Comment

|without blink

o |

Cancel

Lookin: | ). ERP-Auditory-intensity -] FrE@eEr |
(1l - Il
o Name Date modified |l
a “{I’ {0 SLicafoc 30.04.2013 14:09
ecent ?CES All_Subjects_cc-testfsg 04.032013 1405
- S1_av-testfsg 04032013 121
Deskiop All_Subjects_ccfsg 09.12.2009 13:35 =
== S4_avfsg 03.12.2009 12:09
uﬁi‘ $5_avifsg 03.12.2009 12:08
Libraries S6_av.fsg 03.12.2009 12:07
|k' S7_avfsg 03.12.2009 12:06
i
S8 avfsg 03.12.2009 12:04
Computer
S10_avfsg 03.12.2009 12:02
I $3_avfsg 03.12.2009 11:58 o
Network 4 11 »
File pame: [sticafoc ~| Open
Files oftype [BESA Binary Files (“foc. “fsg) ~] Cancel
Folders [Data Folder -]

)

Page 212 of 318

www.besa.de



BESA® Research 6.1

Tutorial 8 — Source Montages and Artifact Correction

12. We can immediately see that the eyeblink

13.

14.

that was present at the position of the tag is
no longer visible. Browsing through the
data will confirm that eyeblinks are no
longer present anywhere in the data. The
question remains, if creating ICA-
reconstructed data without the eyeblink
topography distorted our N100 topography.
To investigate, we will average the data

again to look at evoked potentials.

Press ERP / Open Paradigm. Browse to
the Auditory  folder  and
AEP_Intensity.PDG. Press Open.

select

Move to the Artifact tab and press Start

Scan to exclude artifacts from averaging.
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Libraries
A
Computer
@
Network < 3
File name: ~] Open |
Files of type: -l Cancel
Directories LI
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Tigger | Condsion | Epoch | Fiter  Amfact | Average | Coherence |

[~ Figed Thresholds |¥ AnifactScan Tool
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15. Move to the Average tab and press

Average.

16. Save the average file under the suggested
name Sl.ica.av.fsg. When prompted to
specify a segment comment, press Stop
Asking to use the suggested names from
the paradigm.

17. The new average file will be automatically
opened along with the TopView window.

Close the TopViewer.
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18. Double-click at the N100 peak in condition | .. . . . oy T

| Fo| virs | saw [ 30 WG | ERP | DSA| 1CA [ Rec W | Sec | Usr | Opt |Eam | Lr | be | 8

60dB to bring up the 3D window. Make sure 7|~ |

3

to move to 94 ms using the left and right

o1

arrow keys. Scale up the topographic view | | f |
to 0.63 pV / step. The N100 map appears |

T33a333

nearly undistorted. 4= e eus =T

P
Fo
F1
o2

fres |-

s

in

I |

fers

fees
o

H. Applying the Optimizing method when using ICA-reconstructed data
for source analysis

Despite the apparent lack of distortion of the N100 component in the example of ICA-reconstructed
data in section G, it is recommended to account for the artifact topographies that were subtracted
during source analysis. Whenever artifact correction is performed, a spatial dimension of the data
(the topography) is changed. This can distort the data. To prevent this distortion from affecting
source analysis, the same distortion should be applied to the leadfields. Alternatively, the spatial
dimension can be projected out of the leadfields. As BESA Research does not save any
information about the topographies that were subtracted when creating ICA-reconstructed data,
the artifact topographies need to be saved manually and later loaded in source analysis.

1. Follow steps 1 to 4 of section G in the [ClsARsensn; S0

File Edit View Filters Montage Process ICA ERP Artifact Search Tags Goto Options Hel

present tutorial to run ICA decomposition |5t el sanl so e | Ene | sa ok Ree | Vir | sre | Gor [ o0t |
ICA1 : ‘ T : :

on the first screen of . Locate the ICA |[EB > MepTorocreon N
ICA3 Define As Artifact Topography |-

. . Send Topography To Source Analysis
component reflecting the blink (usually | 7 serosesemn ’ [~
. R ICAG Export ICA Reconstructed Data Without Selected Components: Current Screen

ICAZ) RIght-ClICk on the Iabel and SE|eCt ICA7 Export ICA Reconstructed Data Without Selected Components: Whole File bt
JCAB At M hestesl B Loy i g T b A s

Save Topography_ ICAG b it i
ICA10 MWMWWW | MWMWW

ICAT Ayl 6 A0 i
ICAT2 i e iy
ICA13 . : frtin
JCATA oot A gt
ICAT5. ariumroram it bt
ICA16 MWWWWWWWMMWW

TCATT e P e 0 b i, el PN e
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2. Save the topography under the suggested

name S1.ica.

Open dataset S1.ica av.fsg we created in
section G of the present tutorial. It should
be

examples folder.

located in the Auditory Intensity

Send condition Low to source analysis by
left-dragging a block, right-clicking and
selecting Source Analysis. Use a custom
definition of -50 to 250 ms, a Low Cutoff
Filter of 0.5 Hz, 12 dB/Oct, zero-phase
and a High Cutoff Filter of 40 Hz, 24
dB/Oct,

Analysis.

zero-phase. Press Source
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5. Inthe Source Analysis Window press File /

Open Solution and select our source

model Lowlintensity 2RS.bsa.

Open.

6. Now we will append the

File / Append ICA Components. Change
Folders to Data Folder and select S1.ica

that we created in step 2. Press Open.

7. You will see the waveform associated with
the blink topography plotted beneath the
EEG butterfly plot. We want to utilize it in

our source model.
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A 4 N = DR _2RS bsa

8. Right-click onthe ICA waveform and press Bl ey =i sl
Add All ICA Components to Solution. |

I :
Save Solution As... + fl ‘
Image »
Display MRI A
ht
ICAZ’\/' Fit Enabled Sources over Whole Segment

ected ICA Compor
Add Selected ICA Component(s) to Solution
Add All ICA Component(s) to Solution
Delete Selected ICA Component(s)

D

| v Overplot Waveforms of All Channels a
Data (1-10f  Overplot Waveforms of Displayed Channels j
Time: -4.00 ms

Source locations

9. We will now see that the blink was added to [F= = aEERE R S e o

Data Model Res. | Order[LCA EEG T e >

. <] Low 185avs Fiers: 05-40Hz ~ RV 2384% (%FP head scalp bone osf
our source model as a spatial component. |o =" T R o ik [ e -sem o~
r |conductty mn%?%'a'—r“—ﬁ;‘; f—::ﬁﬁu'?

Lowintensity_2RS bsa (modified) EEG +

Its activity pattern for the current data can

be seen in the middle panel.

T

Data(1-1 of 31) Source wavetorms j Source locations j
4

[~ BEsA - CA,.« " 185 avs, Fi
file Condition1 Solution1 Fif [mage Options Help o ¥
D Model| Res. |Order| LCA EEG | Res. Var. | E Min. Dist. __Image AC_Left Hoc  y-oc . -
96 ms. The green source waveform is : L i
' ot s =]
(Model 4 shell elipsoidal
,,,,,,,,,,, + | » |Lowintensity_2RS bsa (modified) EEG +

5. /RS bsa

10. Double-click at the N100 peak at around

nearly O at this point, suggesting that there
was indeed no blink activity at the N100
peak.

Data_(1-1 of 31) jsomw wavelorms j Source locations j
—

Cursor. +96.00 ms, +4642 nAm
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11. Double-click in the red source waveform

Solution: C

- | Enerqy [ Min. Dist.
238

L6.
_Image | =
GFP| [=
o [ o

(AC_Left) and move the cursor to 52 ms

using the arrow keys on your keyboard.

Press O on the keyboard to orient the first
regional source approximately at the P50

peak.

Data (1-10f31) ~|source waveforms ~|Source locations
Time: +5200(000)ms | Cursor: +52.00 ms, +2189 nAm

12. Repeat for the blue source (AC _Right). |2 —
Data Model| Res. Order L.CA _EEG | Res Var. | Energy | Min. Dist. \mgge ac _Right x4c y-oc zdoc x-ori y-ori z-or
. . \- &LB s FmersJ dmﬂ\. 2‘334~ P | Tal (appr)| [ 35 [-124 [1a8 [0z [ 03 [ a8
Now both regional sources are oriented so - A e ]

that the first orientation optimally reflects
the P50 peak.

a2

Date (1-10f 31)

13. Use the arrow keys on your keyboard to
move the cursor to the peak of AC_Left at

60 ms. This coincides with the peak of the ITE i

blink component! No fit

on
Fit "ﬁ

When we created ICA-reconstructed data without the blink topography, we subtracted an ICA
component that was not correlated with the N100 topography. Thus, if we now tried to localize the
N100 activity in the present example, we would not make an error. However, the ICA component
we subtracted did correlate with the P50 topography! Thus, we subtracted part of the P50
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topography when creating ICA-reconstructed data. If we now tried to localize the P50 activity, we

would end up with a localization error caused by artifact correction with ICA. Therefore, it is vital

to use the subtracted ICA component in the source analysis window in order to prevent this error.

Adding the blink as a spatial component corrects the distortion of the P50 topography and allows

correct reconstruction of the underlying sources.

14. Press M on the keyboard to bring up 3D
mapping. Press the 6" button from the
right labeled M until the 3D window is
labeled Model (volt, all).

15.
middle panel by clicking on the On button.
Note how the map changes if the blink
component is left out of the model. This
difference corresponds to the distortion
imposed on the P50 map by subtracting the
blink topography.
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by using the arrow keys on your keyboard.

16. Move the cursor to the N100 peak at 96 ms Atetlaftistrtat ston ] eranv] @
DS
On e iy
~

Toggle between on and off for the ICA
component. Note that the N100 map is
barely influenced by the blink topography.

No fit

ACL2
sC

Source waveforms

Transparency: 100%
Fip [«[ ]« ]
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The above steps illustrate that creating ICA-reconstructed data will lead to some distortion of the

data. Therefore, the recommended strategy for performing source analysis on ICA-reconstructed

data is to use the subtracted topographies as spatial components in the source model.
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Tutorial 9 — Time-Frequency Analysis, Coherence, Beamforming

What does BESA Research provide?

Time-Frequency Analysis (Complex Demodulation)
Scalp Coherence

Source Coherence

Single-subject statistics (Permutation Test)

Multiple Source Beamforming

AN N N N IR

Dynamic Imaging of Coherent Sources (DICS)
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A. Principles of scalp and source coherence

Recently, an increasing number of papers on oscillatory coupling between brain regions in
animal studies and on time-frequency analysis of human EEG and MEG data has been
published. BESA Research features several tools for fast and user-friendly time-frequency

analysis including source and scalp coherence.
First, let us introduce some terminology for clarification of the concepts:

e Surface waveform: a time signal recorded from EEG-electrodes or MEG sensors

e Source waveform: a time signal calculated for a specified brain region or cortical

surface

e Source montage: transformation of the on-going EEG/MEG into the estimated

contributions or source waveforms of a set of brain regions

Source montages transform EEG/MEG back into the brain

i NED
ACtLeft —s™ e
Cd
ACERight —nr™S\ e
R DN

ACr-Left LAV/}J\,,_
ACIRight —o /N

wide distribution (overlap)

CG-Mid

i heo
ACt-Left *——w'i\/""‘

ACE-Right —er Syt
R YT
ACr-Left — )

_ scalp waveforms have mixed
ACr-Right . contributions from the sources
CG-Mid e )

separated sources & waveforms multiple sources (unmixing)

e Time-frequency analysis: analysis or display of the event-related time-locked or

induced activity in the time-frequency domain
e Time-locked activity: event-related signal with similar waveshape over trials

e Induced activity: oscillatory activity occurring in a certain event-related time window
with varying time lag and phase
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e Oscillatory activity: activity occurring with several oscillations in a narrow frequency

band; can be time-locked and/or induced

Oscillatory coupling between 2 brain regions

Coupling is assumed if oscillatory brain activities are correlated in
amplitude and phase. Binding: zero phase coupling (cat studies)

M, s =Asin(2rfted,)

region 1

region 2

Oscillations in the 2 regions must have a systematic phase relation

o TSE: temporal spectral evolution, change in power or amplitude over time

o ERD/ERS: event-related (de)-synchronization, change in power or amplitude over time,
used in equivalence to TSE

o ERSP: event-related spectral perturbations, change in power or amplitude over time.
This is the more general term and comprises ERD/ERS/TSE that are related to
baseline.

e Correlation: correlation between two time signals, i.e. scalar product of normalized time

signals in time domain
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Coherence measures correlation over trials

+ same frequency in coupled regions within each trial

* possible variation of frequency and duration across trials
+ similar phase difference across trials

+ similar amplitude fluctuations across trials

coherent trial 1 trial 2 trial 3 ... trial n

l
region 1 w\:\{\f\;\w WV\/\/‘ mf\%}\/\/\, MNL\N\/\*‘

region 2 ~AMARAA A A s u\/vv\‘/\j\(

incoherent  trial 1 trial 2 trial 3 ... trialn

) } | |
region 1 m{\{\f\ww ARARAS o~ ARAAA- MDAA,
region 2 wAfIAM AR~ V\/\/l‘d\/\/\/ W\/\m

e Spectral-temporal density function S(f,t): amplitude of a signal at a certain frequency f
and interval t relative to an event

e Coherence: correlation of two spectral density functions Si(f,t) and Sx(f,t) over trials,

i.e. squared scalar product of S;(f,t) and Sz(f,t) over trials, normalized across all trials

e Phase locking value (PLV): correlation of two normalized spectral density functions
Si(f,t) and S(f,t) over trials, i.e. mean of the scalar product of the normalized S;(f,t) and
Sy(f,t) over trials. Amplitudes are neglected, only phase relationships between two
oscillations are considered.
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Coherence: correlation in frequency domain

Time-frequency signal: S(f,t)= A(f.t) e
10 22n
Coherence: Coh(ft)= = ————
Z ‘31,n ) Z‘SZ,n
Phase locking value: PLV(f.t)= %Z ei'm"idﬁz"}
t, t; Amp. | Phase | Coh

L, t L, L, ideal | ideal | 1
L L, If t. corr. | corr. <1
L {3

/

rand. rand. 0

Pl g e

When coherence is calculated at the surface between 2 EEG channels or 2 MEG sensors,

activity from various brain regions is picked up in each of the surface channels. Oscillatory

activity in one brain region can already lead to a strong coherence between 2 surface channels

because of the wide distribution of focal brain activity at the surface. This is due to the nature

of the dipole fields when recording remotely and due to the smearing effect of the volume

conduction in EEG. As a consequence, a coherence measure between surface channels

cannot distinguish between coherence due to propagation and real coherence between the

oscillatory activities in two coupled brain regions.

Interhemispheric scalp coherence: problem

scalp propagation ! coherence ? scalp propagation !
S

2 AAS— L/\v JA .

left AC only bilateral right AC only
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Whether true coherence can be detected at the scalp, depends mainly on the relative
orientation of the source currents in the underlying brain regions and, to a lesser extent, on
their distance in location. In the case of the auditory cortex, for example, both the left and right
temporal planes produce vertical activity with strong bilateral contributions centrally (e.g. at
C3/C4 and F3/F4). The spatial correlation of the radial activities at the lateral surfaces of the
superior temporal gyrus is also very large between right and left scalp electrodes, e.g. at T3/T4.
A current-source density montage (CSD or Laplacian) can reduce the effects of propagation
on scalp coherence to a certain extent, because it enhances the radial current from the

underlying cortex relative to more remote sources to some extent.

Source coherence: hemispheres separated

scalp coherence 7

inverse spatial filter W W inverse spatial filter

using all channels P 4 using all channels

T

source coherence |

source waveform of \_m / source waveform of

left AC separated ' right AC separated

An optimal separation is obtain by a source montage derived from a multiple source model.
The model is used to create an inverse spatial filter, i.e. a source montage that separates the
different brain activities. Activities that are not accounted for by the model (e.g. from
background noise or EEG) are distributed amongst the sources, and may therefore lead to
noise coherence between source channels. This noise coherence can be large for sources
which have very similar spatial topographies. It can be reduced by increasing the regularization
constant of the inverse at the expense of a larger cross-talk between the sources or by

including specific sources accounting for the noise.

The principal steps to calculate a time-frequency diagram and source coherence are: A
multiple source model is created from averaged ERP data and/or sources in brain regions
known to contribute from fMRI/PET studies using a similar task. The source model is then used

to calculate a source montage and the source waveforms of the single trials. Next, each single
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trial is transformed into the time-frequency domain by selecting a certain temporal resolution
using complex demodulation (a principle similar to FM radio). From the single trials, time-
frequency displays are generated by averaging spectral density amplitude or power over trials.
Source coherence is calculated by averaging the cross-spectral density of one reference
channel with all other channels over trials and normalizing by the averaged auto-spectral
densities (cf. illustration above).
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B. Simulation of evoked and induced activity in the auditory cortex

The simulated data sets can be found in subfolder of
the BESA Research Examples folder. The data have been generated by superimposing a real
continuous 27-channel EEG-recording with the simulated activity of two pairs of bilateral
sources in the auditory cortex (AC). The purpose of this combination was to understand the
sensitivity of time-frequency analysis to reveal oscillatory activity and coupling in a realistic on-
going EEG. The figure below displays the underlying source configuration. Sources 1 & 2 were
simulated as simultaneous evoked monophasic activity with a time-locked onset of 50 ms after
a hypothetic auditory stimulus (trigger T1). The duration of this monophasic activity was 150
ms, and the amplitude was chosen to generate a signal of 10 uV at Cz. Dipoles 3 & 4 simulate
a more antero-lateral secondary area of AC with an orientation differing by about 30° from
dipoles 1 & 2. They reflect induced oscillatory activity (trigger T2) that jitters in latency (300-
550 after T1), duration (300-450 ms) and frequency (20-28 Hz). The envelope of this
oscillatory activity had the same amplitude in all 200 simulated trials. The amplitude generated
at electrode Fz was 5 pV (file AC_Osc5.foc) and 20 pV (file AC_Osc20.foc), respectively. The
oscillation of dipole 4 follows that of dipole 3 with a constant delay of 5 ms.

< @J\@ [ ‘
<=

Dipole 1
Dipole 2

. ph, ith i, iy,
Dipole 3 | i — —

. il m Ll
Dipole 4 EI"“"' ‘lI:" E‘I'H:"I g"||\|||||w‘

T1 T2 T1 T2 T1. T2 T1 T2
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We will now learn how to process these data to extract both the evoked time-locked and the

induced random-phase oscillatory activity. Next, we start with the data set which has a high

signal-to-noise ratio to learn the processing steps (AC_0Osc20.foc with induced activity of 20

MV at Fz, corresponding in size approximately to the background EEG amplitude). Then we

will explore the sensitivity in the data set with the smaller induced activity of 5 uV at Fz.

C. Inspecting and understanding the simulation with real EEG

background

1. Open file
in the

folder. Note that e.g.
at electrode C3 the evoked monophasic
response locked to trigger 1 is just visible
on top of the background noise. The
induced oscillatory activity following trigger
2 can be observed as well.

2. In order to better understand the properties
of the simulated activity, we load the

averaged evoked response file. Open file
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A= 4 = Ll r ﬂ
r — — —
e R ——_
Lookin: | | AC-Coherence o B
Pl Name Date modified
o "’-: AC_Oscs foc 13.03.2003 17:17
it
ecentriaces AC_OscS/fsg 12032003 19:11
| AC_Osc20.foc 13.03.2003 17:26 |
! Deskiop AC_Osc20.fsg 12.03.2003 19:08 i
0 o~ i
="
| Libraries |
| A i
Computer I
@ f
Il Network 4 1, 3 I
I il
File name: [ac_oscanssg = Open
I i
Files oftype: [BESA Binary Files (“foc, " fsg) ~ Cancel [
| Folders [Data Folder =] |
I
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3. The first segment contains the average
triggered by the stimulus onset, the second
averaged segment is time-locked to the
onset of the jittering oscillations. Relative to
stimulus onset, the induced oscillations
cancel out in the average. The jitter in the
frequency range of the oscillation (20-28
Hz) also reduced the signal average
relative to the onset of the oscillation. Note
that the waveshape of the monophasic

activity is altered by low cutoff filtering

applied to the average to reduce slow drifts

) StOn: 182 avs o
in the data. o p [ ] T
Tigme: 00:00:00 Total: 00:00:03 [ T T rE— R84
R ———
4. To see how the averaged surface activity is s i R G

transformed into brain space, we use the
source analysis module. Left-drag over the
first segment. Right-click and select
Source Analysis. For this segment, we

use an interval from -50 to 1000 ms and

choose a Low Cutoff filter of 1.6 Hz, »
12dB/Oct zero-phase and set the High P — : :
Cutoff filter to 40 Hz, 24 dB/Oct, zero- L —
P hase. Block Size and Posiion Filter Settings
 Whole Seagment Low Cutoft Status v Enabled
& Custom Dafiion Frequency [16 [Hz] Slope [12dbjoct v | Type [zero phase v |
- ;’;‘(r‘fﬁs High Cutoft Status [¢ Ensbled
,F(ms)pre{yem Frequency |40.0 [Hz] Slope ‘24 db/nctﬂ TMF'E‘zem phasaﬂ
1000]  (ms) postEvent
[~ All Conditions Source Analysis SetBlock Cancel
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5.

The source analysis window opens.
Minimize this window to load the second
segment as well, but now select an epoch
from -500 to +500 ms relative to the onset

of the oscillation.

Select File / Open Solution to load the
predefined solution AC9OD bsa.

The model contains the two pairs of dipoles
that were used for the simulation. In
addition, five probe sources are included
that pick up background EEG activation. In
condition OscOn (containing the oscillation-
locked averages), dipoles 3 and 4 show
small oscillatory activities. The evoked
activation in sources 1 and 2 is barely
visible, because of its large onset jitter with

respect to trigger 2.
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10.

Use the arrow buttons in the upper left

corner to switch to condition 1. The time-

locked evoked activity appears only in the
related sources 1 and 2. The induced
oscillations in source waveforms 3 and 4
cancel out almost completely. The five
probe sources show only small background
noise activity. Note the almost complete
separation of the activities in the different
brain regions as compared to their wide

distribution in the scalp waveforms.

We want to use our nine-dipole model as a
source montage for the continuous data.
Create a source montage from the
displayed multiple source model by
selecting File / Save Source Montage
As.... Note that the source montage not
only contains the source coordinates, but
also stores the selected regularization
constant (set to 1 by default).

When prompted for a name for the montage
to be saved, enter , to indicate that
a regularization constant of 1% was used.
Press Save. This will create the new source
montage and automatically apply it to the

current file in the main window.
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Append

Solution...

Save Solution
Save Solution As...

Save Source Waveforms
Save Source Waveforms As.

Save Source Montage

Save Source Montage As.

Save Source Analysis Window as Bitmap...
Save 3D Window as Bitmap...

Send to MATLAB..

1C) ... \Leam-by-Simulations\AC-Coherence\ACOD.bsa

2 C\ ... \Examples\ERP-Auditory-Intensity\LowIntensity_2RS bsa

3 C\ ... \Examples\ERP-Auditory-Intensity\HighIntensity_3RS_AEP-testbsa
4 C)\ .. \Examples\ERP-Auditory-Intensity\HighIntensity_3RS.bsa

5 C\ .. \Montages\SurrogateModels\AEP.bsa

6 C)\ .. \Montages\SurrogateModels\BR_Brain Regions_LR bsa

7 C\ ... \Examples\ERP-Auditory-Intensity\S1_av.bsa

8 C\ ... \Examples\ERP-Auditory-Intensity\S1.bsa

9 C\ .. \Examples\ERP-Auditory-Intensity\LowIntensity_2SD-test.bsa

More

Display Complete Paths.

Exit

Ctrl+0
Ctrl+A

Ctrl+S
Ctrl+W

Ctrl+G

s soucenonage U TRRE T N,

; SR

Name - Date modified
RCO.mtg 07.03.2003 10:23
RClmtg 12.03.2003 18:21
RC2.mtg 07.03.2003 09:53
RC4.mtg 12.03.2003 19:13

4| 1

File name: [Re1estmig ~]

Save as type [BESA Source Montages (mig) ~]

Folders [Data Folder ~]

Save |
Cancel

4
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11.

12.

Close the source analysis window. The
display now shows the averaged data
segments transformed into brain space by
the generated source montage. Note the
advantage of the source montage: instead
of the distributed overlap of the different
activities at the surface channels, we now
obtain largely separated activities of the
modeled brain regions with the evoked
time-locked activity in source 1 & 2 and the

induced oscillatory activity in sources 3 & 4.

Next, we want to apply this source montage
to transform the continuous data. Press the
-F button to switch back to file

. Press the USR button in
the push button bar to show all user-
montages that are available for this file.

Select the predefined montage RCO.
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13. The continuous 27-channel EEG data has "

been transformed to nine source
waveforms. We want to use the advantage
of having contrasted the activities of the
apply

frequency analysis to the nine source

different waveforms to time-
waveforms and analyze the coherence

between them.

D. Time-frequency analysis

1. Select ERP / Open Paradigm to load the
predefined settings in file
Auditory\AC_Osc.pdg in the Paradigm
directory.

2. Conditions StOn and OscOn were

predefined to represent triggers 1 and 2.
200 events are detected for stimulus onset
and oscillation onset.
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3. View the Epoch tab. The epoch settings "”fﬂ':f"‘ S —
have been predefined to span a sufficientl ' “ i
p p y Ster Posiion "m_ ms ’W ms ,W ’n_ ms ’uu—
long epoch including a baseline of 400 ms | === =0 B O om Emw
for TSE. Note the different settings for both gno | g ot | -

Current Assignments

conditions. The later oscillatory onset e

OscOn |800.. 800 ms -800..-500 s -800..800 ms 0.0ms
requires an earlier baseline prior to stimulus
Load
onset. Sewe s

[k | cancsl | hep |

! paradigm

4. In the Filter tab no filters are selected, in

Tgger | Cond#on | Epoch  Fiter | Adfact | Average | Coherence |

order to obtain undistorted results of the Lo o R —
time-frequency analysis. In the presence of owerey [T Swe [0 T] Teefer X
strong low frequency activity, it can be o e meme
Froquency 5500 (W Sioge [2idbjost =]  Twpe [rmmphese <]
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[~ Ensbled for Aweraging
Load
1.6 Hz. Froguency [FO00 (M) whdh [0 [ Sk

5. Select the Artifact tab and press Start _—
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. . Rejection Method 5 Th Channelz
Scan. Artifact epochs are automatically " FadTss 7 smos st || S Iu:m oo rpoc
identified and excluded according to the | ™ .f F oo 57T [T ]
ULl T B | T |
default thresholds displayed in the upper ,j, pecees 3] 77
, _ , il L oo me——
right corner. Sort by amplitude, gradient g;ﬂ'l‘,‘l‘-mxww;l; e o
. . Tl g
and low signal by checking the A i '-W“ |
A n - e e
corresponding item in the Sort by box. The DT b o ooy Came B || S2%
suggested threshold settings do not have to o | own | e |
be modified for the current file.
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Select the Coherence tab. The Condition
drop down menu allows choosing one
condition for event-related time-frequency
analysis. Time-frequency sampling is set in
the Settings box. A compromise has to be
made between high frequency and low
temporal resolution or low frequency and
high temporal resolution. Default time-
frequency sampling is intermediate with a
frequency sampling of 2 Hz and a time
sampling of 25 ms. Leave this and set the

frequency range to 4-50 Hz.

Press the button Start Time-Frequency
Analysis. Time-frequency analysis starts
and complex demodulation is performed for

each trial and each montage channel.

frequency display window pops up with the
TSE view. Each graph plots the spectral
amplitude density of one montage channel
over time (x) and frequency (y) normalized
relative to the baseline for each frequency.
Channel and montage labels are displayed
on top of each diagram. Induced activity
around 25 Hz appears in channels ACsL
and ACsR in the latency range of 400 to
800 ms. The short mono-phasic time-
BESA Research 6.1 Tutorial
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I Paradigm ==
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for Andact Stan Time-Frequency Anslysis |
oK Cancel \ Help
F ™
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|

number of trials
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condition name
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locked activity of the sources ACpL and
ACpR is revealed in the latency range of
50-200 ms.

i , istics Hel
9. Press the Options toolbar button 2l and e P

“fal G|a| m[-|E

Averaged Waveforms

select Averaged Waveforms. You may

also right-click into any of the panels to T res
select this option from the popup menu. Erafsle Mraes O ramTre
Statistics »

Disable Statistics
Start 30 Mode

Use OpenGL Hardware Acceleration

|

10. The display now shows the averaged -

evoked source waveform of each of the

¥z
stth o v v oo

nine sources below the time-frequency

) 1 AcsLgET i P e r Ay 5T v G O
E E I

diagram. Only the monophasic evoked

potentials of channels ACpL and ACpR are “

$he-veeh o v v o
7
Bovcvitho v v o

seen after averaging. The oscillatory indu- = === e s

ced activities are barely visible in the

average, but they dominate the TSE

[— - P

display. This is because the magnitudes of
the spectral density over the single trials
have been averaged irrespective of phase
differences.
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11. It is possible to remove the averaged '
is Statistics Help

evoked response signal from the single trial Wl@lf_l o4l f%II@“F_?J
; a1 K O Ph| < |l

time series before computation of the TSE. Suibimc Avege Sl FrL_RCO
Press the £ button. The button menu Lse Begnesiad
allows to subtract the averaged signal in 304
each trial or to use regression analysis to i
account for amplitude fluctuations between nAW_
trials before subtraction of the average. e
Select Subtract Average Signal.
Note that the evoked Ilow-frequency ¢ =i, o ——— ;
amplitude increases in source channels _Ji E |
ACpL and ACpR vanished, whereas the s — ;-.: - —
induced oscillatory activity is unaffected. 3 j ‘ _
Close the time-frequency window. i - G - *“ m M —
: g

12. Next, we want to look at the time-frequency 1 5 g
diagrams at the scalp for comparison. Use b 50 A e :w’“ M
the Vir button in the main window to change m %«l{i% mem e w
to the reference free montage with 27 ” M”Mﬁﬁ”;’: m«% r
standard electrode channels. In the ERP e

SAAANA N
L T Y R

menu select Coherence and press Start AR b

AuAnma i
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Time-Frequency Analysis. Implicitly the :

same artifact-free selection of epochs will

be used. Rescanning for artifacts is not -

necessary. Both evoked and induced
activities appear very widespread over the 7

scalp in contrast to the good separation in

the source montage.
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E. Coherence

[ T

1. To obtain the coherence display, press the = .

Coh button ﬂ This will display coherence

relative to the first channel in the montage.

Double-click onto the channel display of -

C3 to obtain the coherence diagrams EHH-HME

relative to C3. Due to the wide propagation

on the scalp, coherence of the oscillatory
activity can be seen almost between all
channels. A similar widespread coherence
can be seen for the low-frequency
monophasic activity.

The ring-shaped coherence effect that can be observed in channel T7, for example, is due
to the interference of the background noise and the oscillatory activity. Phases become
more random across trials while the spectral amplitude of the reference channels becomes
larger. This leads to a drop of coherence in the ring zone. In the regions where one signal
dominates coherence is larger, i.e. in the noise only zones outside and in the core zone of

the oscillatory activity. Close the time-frequency window.

2. Inthe main window, press the Usr button #
to select the user defined source montage e n;jé =¥ HF =
RCO. In the ERP menu select Coherence t?ﬂ;
and press Start Time-Frequency e MM
Analysis. In the TSE diagram double- L Egm
click on the panel of channel ACsL to o WW
calculate the coherence with this channel. . et ——
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As expected from the simulation, ACsL is
highly coherent with the corresponding
right-hemispheric oscillatory source ACsR.
There is practically no coherence with all
other channels in contrast to the scalp.

3. BESA Research can analyze the phase
difference between coherent sources and
compute the time delay between coherent
oscillations. Left-drag to draw a rectangle
around the time-frequency range of high
coherence in source ACsR. Release the
mouse button and select View Phase
Diagram.

4. The panel of source ACsR now shows the
phase difference relative to ACsL over the
selected frequencies. A constant time delay
between the oscillations results in a linear
phase-frequency-relationship. From the

slope of a straight line fitted to these data,

the time-difference between the two
sources is computed and displayed on top

of the graph. In our example, a delay of -5.1

+ 0.1 ms between ACsR and ACsL is

obtained (simulated: 5.0 ms).

BESA Research 6.1 Tutorial
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5. Next, we want to see if the coherence of the =i e — ——

oscillatory activity in the left and right

secondary AC areas ACsL & ACSR can . we = o0 o i

also be extracted if the amplitude of the w ' ] »

oscillation is smaller. Close the time- = === = e e

frequency window and open file

, set Usr source montage _. __— . e ”
RCO and load the file
from

the ERP menu. Run the Artifact Scan and
start the Coherence analysis with the

preset parameters. Scale up the TSE

display to +/- 63% using the kd button.

6. Double-click onto the panel of ACsL. RS

Coherence at ACsR is now weaker but

clearly emanates from the background. Use -
the scale buttons to increase the |

coherence scale to 0.5 and place the

cursor on top of the peak of the oscillatory

activity in ACsR. You can read a peak
coherence of 0.18 around 630 ms and 26
Hz in the status bar. Note the high noise
correlation between ACsL and the other left
hemispheric sources. Also, since the alpha
rhythm leads to high correlation amongst
sources because the occipital sources in
the model were not optimized to account for

the alpha activity.
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B

7. Double-click onto the left primary auditory ==

cortex ACpL. Some low frequency

coherence with ACpR can be seen early

post-stimulus when the monophasic time- |/

locked activity occurs synchronously in
ACpL and ACpR. Note again that there is

no cross-talk and coherence with other = ..
channels except for the noise coherence

with near and similarly oriented channels.

F. Regularization effects

1. Click on the TSE button to switch back to g
| Uy

TSE view. Observe that both the time-

locked low-frequency and the induced 25

Hz activity emanate from the spectral

background (oscillatory peak in ACsR : W . 1s

47.4% above baseline). Again, there is no

cross-talk between the channels as i :_ e :4 A m‘

opposed to the TSE display of the scalp
activity (see above). This is due to the
tuning of the inverse spatial filter to full
contrast between the 9 sources by setting
the regularization constant to 0 when

constructing the source montage RCO.
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To see how a change of this regularization
constant affects the emergence of TSE &
the influence of the
the

frequency window and press the Usr button

coherence and

background noise, close time-
to switch to montage RC4. This montage
uses the same source channels as RCO,
but was constructed with a regularization

constant set to 4%.

From the ERP menu, select Coherence

again, press Start Time-Frequency

Analysis and scale up to +/-63%. The r

stronger regularization leads to an
increased emergence of the oscillatory
activity (66.5% above baseline at ACsR
peak around 576 ms as opposed to 47.4%
without regularization). In this case
regularization resulted in a further reduction
of the background and baseline noise. At
the same time the signal was weak enough
that the cross-talk with other channels

remained below the noise level.

BESA Research 6.1 Tutorial
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4. Double-click on channel ACsL to
recalculate coherence using a
regularization constant of 4%. Scale up the oo
display to 0.5. Note that the 26 Hz |
coherence peak around 630 ms is now .

enhanced to 0.36. The noise coherence in

the left hemisphere is reduced. However, —
the stronger smoothing effect of the
underlying inverse filter has also enhanced
the noise background in the ACsR-ACsL

panel.

5. Close the time-frequency window and * "% ——
switch back to the file AC_Osc20.foc with 1] 1) i
the stronger oscillatory activity, load the [ pme o fn—r e —W— =
user montage Usr / RC4, and recalculate H ® & ‘ 1 a1
TSE. Scale up to +/-63%. Now the signalis | ﬁ“— e T 41

well above the noise and the cross-talk

between the sources due to the stronger

regularization is becoming more apparent.
However, it is still much less as compared

to the scalp.
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6. Compute the coherence with ACsL as =

reference channel and display the phase

diagram to analyze the time delay between ey, = == 7 == 7 T e
ACsR and ACsL. Now a delay of -3.90 ms {- ; o B

is computed instead of the simulated delay T

of -5.0 ms. The reason is the cross-talk due

to the regularized spatial filter. It causes a

fraction of the activity of source ACsL to be
mapped onto the activity of ACsR and vice
versa. This leads to an assimilation of the
oscillations and an apparent reduction of
the time delay.
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G. Scalp Coherence in the Auditory Intensity Experiment

1.

2.

Open file Sicnt in subfolder ERP-
Auditory-Intensity of the Examples folder.

Press the Rec button and select Original
Average Reference. Make sure the artifact

correction is switched on.

Press the |_E9F | toolbar button to edit the
filter settings. Disable all but the notch filter
that should be set at 50 Hz to reduce mains

interference.
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— Referential-Cz
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4. In a first step, we will perform time- [Bessrnsonsecpionic N ]

. | Lookin || Auditory ~| e®cEr i
frequency coherence analysis between P |eme ‘ Date maified
. RBC:;:ECES AC_Osc.PDG 23.11.2004 14:19
surface channels. Press ERP / Edit P e iemsings PXPPTPpeT
P300.PDG 23.11.2004 14:20
Paradigm. The paradigm-file “-*?f'i“i’
wul

AEP Intensity.PDG  should  still  be *

. Computer
available. “«
Network « m ] 3
File name: [nEP_intensity PDG ~| Open I
Files of fype [Paradigm Files (~PDG) ~| Cancel
Directories [Paradigm Directory ~]

5. Move to the Artifact tab and press Start | E.

Trgger | Condiion | Epoch | Filer  Adfact | Average | Coherence |

Threshoids and Bad Channels
UseforAv. @ EEG  LAG

[ Amgl  [sa0 | 0|[i20 -
¥ Gadient [300 |—0 750 -
1
" -
Al 1! ! colar
' | JimL I Bed Channels |—u
1

Count _Accepted Condition

Scan to re-run the automatic artifact scan e —

[+ Arifact Scan Tool

kil

with artifact correction switched on. om

(37%) BB A
(94%) 70dB
(97%) B0dB =
(97%) B0cE
(344) 1008 -
(36%) Low B
(9521 Hinh
Sonby
1 @ Ampliude
0 4] 3 © Gradien .
e Savehs
R e E e I Log Display 2% | € LowSignal
oK Cancel | Help ‘

6. Switch to the Coherence tab. In the [F=== T e

Trigger | Condion | Epoch | Fiter | Adifact | Average Coherence |

Condition drop down menu, select High.

@ Time Frequency Anslysis

To start time-frequency analysis with the T I e oo ot
A - o E
default sampling of 2.0 Hz, 25 ms in the FesioaSouces
Frequency and Time Sampling [comzzsms  +] @ Radial Qrientation
frequency range of 4-50 Hz, press the Start [ — B || came

i ) e e e [soore =]  First Drietation
Time-Frequency Analysis button.

Sesnfor Antacts Stan Time-Fraquancy Anslysis ‘

ok | concel | Help
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7. As expected we observe a similar activation ===

pattern across many scalp channels. 1 = } = ‘J‘i

4

ol i
L SINEE R R ) R R Tl

.....

; ‘::‘"'": }" : - ‘
:{ J.An—.{u—r_—ﬁ Tl Ul»* Llee 3

B T
T B TS S -
R SRl O IR

8. Display the averaged waveforms by right- <= =75 ..

clicking on a channel and selecting

Averaged Waveforms to see which

activity corresponds to the evoked signal. It

seems that the majority of the wide-spread
low-frequent activity is evoked.

9. Subtract the evoked signal by pressing the

@ button and selecting Subtract Average

) | 3 b " . b |
Signal. Switch off the display of Averaged ; ‘ .. ‘ """ : ‘ """ "1 S 3 { i 4 B
Waveforms and scale up to +/-63%. Apart D:% e 3 B
] L TR T e T 7 e g )
from some portion of the evoked activity =~ = aett £ % i
EA SR ERR A ET B L E LN R e ¢
that is less-stimulus-locked and thus i ] ~ i s S T

present in the “induced” display, no other

particularly strong induced activity can be

seen.

10. Undo the subtraction of the evoked signal «= === ..
by selecting Subtract Average Signal

again and double-click on channel Cz_avr
to display the coherence of all channels
relative to Cz. Note the high coherence

between Cz and almost all other channels

at lower frequencies.
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Whether these observed coherences are due to coherent activation of different brain regions

or to the wide-spread surface distribution of the activity of focal brain regions cannot be

concluded from the surface montage. Therefore, we will now transform the surface signals

into brain activation using our previously created source montage and repeat the time-

frequency analysis. Close the time-frequency window.

H. Source Coherence in the Auditory Intensity Experiment

1.

Press the _Ysr | hutton. Select montage
from the list of
predefined user-montages that are

available for this file. Press the E94M | putton
to remind us of the details about the current

montage again.

The montage consists of the sources we
fitted earlier on: 2 auditory regional sources
and a frontal source, which have been
converted to single dipoles. Close the

montage editor.
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3.

Select ERP / Coherence and press Start

Time-Frequency Analysis.

We can see now that the source montage
was constructed well as we see the main

activity in the first frontal and in the first and

second auditory components. The source .

montage has very good separation
properties and will thus be a good model for
investigating coherence between our

sources of interest.

Double-click on source AC_Left. It seems
that the low-frequent activity around 100 ms
in the left and right hemisphere is not
related.
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There is also some coherence at higher frequencies that can be observed in several channels.
It is very likely that this is the effect of noise that was not modeled specifically by a source and
is thus projected onto several sources in the montage. As a rule of thumb: it is very unlikely
that similar coherence across a large number of sources is meaningful. It is rather the

consequence of unmodeled activity/noise in the data.

6. Return to the TSE view and subtract the &= =&

evoked signal by pressing the @ button

and selecting Subtract Average Signal.

P

There does not seem to be strong induced |

activity. Close the Time-Frequency window.

7. Next we want to compare activity in the

High and Low condition. Press ERP /

@ Time Frequency Anslysis

Coherence again. Tick the box Use Control e — lf'“""'f"’""'“*'fé"'“"“a"‘ﬂ
Condition and select condition Low. Press e e s R
Start Time-Frequency Analysis. Lot Frequney cuot [  AlToces

Highes Fraquency Cutafi Er  Firs! Orignistion

Sean for Artfacts

g

8. Press the [ button to display the R
difference High-Low. The TSE display ] ' '

confirms that the High condition has a

stronger synchronization in the alpha-range [ fis e e e
between roughly 50 and 150 ms post - ‘ ‘

stimulus that is present in both auditory :

sources and the frontal source. e
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[. Multiple Source Beamforming

In discrete multiple source analysis, the best source model (i.e. source amplitudes, locations and

orientations) is one that minimizes a cost function (basically the residual variance).

Beamforming takes a different approach to image brain activity: Here, the whole brain is scanned
point by point. The brain activity at each voxel is estimated by applying a spatial filter to the data.
This spatial filter is designed to be fully sensitive to activity from the target voxel, while being as
insensitive as possible to activity from other brain regions. This is achieved by constructing the
spatial filter in an adaptive way, i.e. it takes into account the recorded data.

The BESA beamformer is a modified version of the linearly constrained minimum variance vector
beamformer in the time-frequency domain as described in Gross et al., "Dynamic imaging of
coherent sources: Studying neural interactions in the human brain", PNAS 98, 696-699, 2001. The
beamformer operator is computed using the cross spectral density matrix (the time-frequency
equivalent of the data covariance matrix) computed from the single-trial data. This allows to image
evoked as well as induced oscillatory activity in a user-defined time-frequency range, where time

is taken relative to a triggered event.

The output power P of the beamformer for a specific brain region at location r is then computed
by the following equation:

Pr) =trlL" () -t L)

Here, C/t is the inverse of the regularized cross spectral density matrix C in the time-frequency
range of interest; L is the leadfield matrix of the model containing a regional source at target
location r and, optionally, additional sources, whose interference with the target source is to be
minimized; tr[ ] is the trace of the [3x3] (MEG:[2x2]) submatrix of the bracketed expression that

corresponds to the source at location r.

In BESA Research, the output power P(r) is hormalized by the output power in a reference time-

frequency interval Pre(r):
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tr'[LT(lr)-c;l-L(r)}‘1
) LT ()l r-l_(r)}’1

-1 forP(r)=P . (r)

q(r) =

B [T o)-cd L]
1o |ref™l 4 L forP(r) <P ()
") L) Gt L)

Pt can be computed either from the corresponding frequency range in the baseline of the same
condition (signal-to-noise ratio) or from the corresponding time-frequency range in a control
condition. The beamformer image is constructed from values q(r) computed for all locations on a

specified grid.

Traditional single-source beamformers are known to mislocalize activity if several brain regions
have highly correlated activity. The BESA beamformer tries to overcome this problem by extending
the traditional single-source beamformer. The BESA beamformer can implicitly account for activity
from possibly correlated brain regions. This is achieved by using a multiple source beamformer
calculation that contains not only the leadfields of the source at the location of interest r, but also
those of possibly interfering sources. As a default, BESA Research uses a bilateral beamformer,
where specifically contributions from the homologue source in the opposite hemisphere are taken
into account (the matrix L thus being of dimension Nx6 for EEG and Nx4 for MEG, respectively,
where N is the number of sensors). This allows for imaging of highly correlated bilateral activity in

the two hemispheres that commonly occurs during processing of external stimuli.

In addition, the beamformer computation can be performed taking into account possibly correlated

sources at other specified locations by including them in the leadfield matrix L.

The following chapters illustrate the different properties and application examples of the BESA

beamformer.
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As a next step, we will fit the prominent

activity in the High condition. Release the

Iﬁ_ﬁ button to display condition High. Left-

drag a window around the strongest activity

- Targetlnteral —

Interval Start 50

Interval End 150

- Frequency Fange

Intersal Stgrt

Interyal End

IE Hz
|12 Hz

—Baseline Interval

[~ Compare Conditions

|n the |eft-hemISpherIC aUdItOFy source. Interval Start 100 Eug%eslinr;'_'l'hecl‘naseline m}:e::a\ shnhu\d
e adapted in order to match the number

of samples in baseline and target interval

Interval End 0

When releasing the left mouse-button

choose the option Image. If necessary

Important note: To obtain a reliable beamformer image, the number of samples in the target
and the reference interval should be equal. Therefore it is recommended to assign equal
duration to the Target Interval and the Baseline Interval

change the Target interval to 50 to 150 ms

If twar conditions are campared, they should hawe approximately the same number of ttials.

and the Frequency Range to 6 to 12 Hz. It

Go Cancel

is very important to choose approximately
the same length between the Target and
Otherwise,

the Baseline interval'?.

Beamforming results can be unstable.

Press Go.

3] BEsA - €1 \ERP-Auditory-Intensity\sL.cnt - High,Fiters off, 300 .. +1000 ms - Source analysis
[Eile_Condition1 Solution Fit_Image Options Help No solution available |
e Max. 1 of 10 - MSBF (TF) - Standard MRI - Val: 19.98 (100.0%) ol@R

8| $Q el 21518 =] 4 .

&

Loc: 152, 0,03, 110 (Cart/US)

2. Scale up the image to +/- 25%. Use the m
button to view the different maxima. The

first maximum localizes in the right auditory
cortex, the second and third maxima
indicate activity in bilateral frontal areas,
while the fourth maximum shows activity in
the left supra-temporal area. Close the

source analysis window.

12 It is also possible to compute beamforming images of the difference between conditions. Tick the box ‘Compare
Conditions’ for this purpose. Instead of using the baseline as reference interval, the same time-frequency range as
specified in the target interval will be used in the control condition as a reference.
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3. BESA Research uses a multiple source [Eseeene T e

i . Lookin | ). ACCoherence ~| emeiE-
beamformer by default. It is also possible to B |Neme e Date modified
. A REC::: N  AC Osc5.foc 13.03.2003 17:17
choose a classic single-source - - 12052003 1911
. esh AC_0sc20.fst 12.03.2003 19:08
beamformer. We will have a look at our f‘i’i’ ’
W
model coherence data to see the difference “:!4
between the multiple source and the single | ="
beamformer. Back in the main window Mook | : - :
File pame: AC_Oscb.foc - Open I
open file AC_ Osch.foc which is located in Flesofyper  [BESABmar Fles ('oc."g) El Cancel
Folders [Data Folder ~|

S

the examples subfolder Learn-by-

Simulations.

4. Change to the virtual reference-free
display using the Vir button and selecting

the top-most option.

5. Press ERP / Coherence to Start Time- @

Frequency Analysis of condition StOn

@ [[ime Frequency Anelysig
using the default settings. J— ‘““‘”" .

Sefings Regionsl Sources

Fraciuancy aind Tane Sampling [eorzosme =] & Radial Drientation

Lower Frequency Cutoff [aorve =] € Al T

‘Higher Frequency Canofl o =] " Fist Orientation

Scan for Artfacts Start Time-Freguency Analysis |
oK Cancel ‘ Help
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6. Subtract the evoked signal by pressing the

@ button and selecting Subtract Average
Signal. Now we only see the induced
activity that is not present in the evoked
potential. We want to fit this induced activity
by marking a window around the most

prominent activity.

7. In the Image setting dialog box specify a
time-range of 450 to 750 ms, a baseline
interval from -300 to 0 ms and a frequency
range from 22 to 30 Hz. Press Go.

8. Scale up the image to +/- 25%. Observe the
bilateral auditory activity. We know the
maxima are at the correct location from the

simulation.
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"ms| | 250 0 250 500 75  ms| | 250 0 250 500 750

Fz_rfr F4_rir

-

View Phase Diagram

104 Set Baseline...
: ey
ms -250 250 500 7 Image... 500 750

Cz_rfr Zoom In rfr

Hz

401

304

201

— Target Interval

Interval Start

—Freguency Range

Interval Start |22— Hz
in Hz

[~ Compare Conditions

Interval End Interval End

—Baseline Intensal

450 ms
750 ms
-300] ms
I[I ms

Interval Start Upaon start of editing, the baseline interval
as modified to match the number of
samples in baseline and target interval.
Interval End

Important note: To obtain a reliable beamformer image, the number of samples in the target
and the reference interval should be equal. Therefore itis recommended to assign egqual
duration to the Target Interval and the Baseline Interval

lttwo conditions are compared, they should have approximately the same number of trials.

Go Cancel

[ File_Condition 1 _Solution_Fit_Image Options_Help. No solution available

© Max 10t 3-MSBF (TF) - Standard MRI o [@]=]

8] [ Q| %]38] Yelow]¥] ilodl @l 8l
Sag

Loc: 057, -080,153 (Cart/US)
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9. Change the type of beamformer

by
pressing Image / Volume Image and select
Beamformer The

(single source).

beamformer image is re-calculated.

10. The single source beamformer mis-
localizes the bilateral auditory activity to the
middle of the head. The reason is that
single-source beamformers produces faulty
results if activation in two brain regions is

highly correlated.

11. Return to the multiple source beamformer
by pressing Image / Volume Image /

Beamformer.
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Image | Options Help

Volume Image 4 Beamformer B
Surface Image L4 Beamformer (single source)
Discrete Model Probing L4 CLARA
Smooth Image WAL
Hide Image LEREIS
SLORETA
Import Image sWLORETA
F_)(pc_:rtlmage As... SSLOFO
SEanigE- Settings...
User-defined Image
Settings...
PR
CHOR AEN - TEN paem 300 2000 L Tra |
(B34 - G ons\AC-ConerenceVACOscS foc - 1O, Low Fiter: 053 Hz, 400 - +1200 ms - Source

File Condition 1 Solution Fit Jmage Options Help
' Max. 1 0f 2- MSBF (TF) - Standard MRI - Val: 26.26 (100.0%)
0| Sl ZloH 8| il 4 .

]

No solution available

= (@]

Loc: 153,001, -044 (Cart/Us)

Image | Options Help

1 Volume Image 4 Beamformer B
Surface Image 4 Beamformer (single source)
Discrete Model Probing 4 CLARA
Smooth Image AL
Hide Image TURES
sLORETA

impoiimans swLORETA

Export Image As... <SLOFO

Settings... Settings...
User-defined Image
Settings...
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12. Minimize the MRI view by pressing the

button in the top-right corner. We now
want to use the beamformer image to seed
dipoles. Select the first maximum and press

the ﬁ| button. Move to the next maximum

and place another source.

13. We want to use the beamformer to see,
whether there is still some unexplained
activity if we model the auditory activity with
two regional sources. Press MSBF to re-
compute the beamformer on the residual

activity.

14. We need to scale up the image to +/- 10%
to start seeing some patchy left-over
desynchronization that is not modeled by
the regional sources. This activity is very

weak, so we can neglect it.
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J. Dynamic Imaging of Coherent Sources (DICS) — a short introduction

Dynamic Imaging of Coherent Sources (DICS) is a sophisticated method for imaging cortico-
cortical coherence in the brain or coherence between an external reference (e.g. EMG
channel) and cortical structures. DICS can be applied to localize evoked as well as induced

coherent cortical activity in a user-defined time-frequency range.

DICS was implemented in BESA Research closely following Gross et al., "Dynamic imaging of

coherent sources: Studying neural interactions in the human brain", PNAS 98, 696-699, 2001.

The computation is based on a transformation of each channels single trial data from the time
domain into the frequency domain. This transformation is performed by the BESA Research
Coherence module and results in the complex spectral density matrix that is used for the

construction of the spatial filter similar to beamforming.

DICS computation yields a 3-D image, each voxel being assigned a coherence value.
Coherence values can be described as a neural activity index and do not have a unit. The
neural activity index contrasts coherence in a target time-frequency bin with coherence of the

same time-frequency bin in a baseline.
DICS for cortico-cortical coherence is computed as follows:

Let L(r) be the lead field in voxel r in the brain and C the complex cross-spectral density matrix.
The spatial filter W(r) for the voxel r in the head is defined as follows:

Wr)=U"@r)-c L) - LT(r)-c?

The cross-spectrum between two locations (voxels) r; and r» in the head are calculated with

the following equation:

Cs(ry, ) =W(r) - C- W*T(Tz)

where T means the transposed complex conjugate of a matrix. The cross-spectral density can

then be calculated from the cross spectrum as follows:

cs(r1,12) = 11 {Cs(r1,12)},
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where A:{} indicates the largest singular value of the cross spectrum. Once the cross spectral
density is estimated, the connectivity’®> (CON) between the two brain regions r; and r; are

calculated as follows:

C:lg (ry,12) — Cgl(rp T2)

7 )
C:lg (r, 1) + Cgl(rp T2)

CON(ry,1y) =

where cjigis the cross-spectral density for the signal of interest between the two brain regions
rl and r2, and c2is the corresponding cross spectral density for the baseline or the control
condition, respectively. In the case DICS is computed with a cortical reference, rl is the
reference region (voxel) and remains constant while r2 scans all the grid points within the brain
sequentially. In that way the connectivity between the reference brain region and all other brain
regions is estimated. The value of CON(ry,1,) falls in the interval [-1 1]. If the cross-spectral
density for the baseline is 0 the connectivity value will be 1. If the cross-spectral density for the

signal is 0 the connectivity value will be -1.

DICS for cortico-muscular coherence is computed as follows:

When using an external reference, the equation for coherence calculation is slightly different
compared to the equation for cortico-cortical coherence. First of all, the cross-spectral density
matrix is not only computed for the MEG/EEG channels, but the external reference channel is
added. This resulting matrix is Ca. In this case, the cross-spectral density between the
reference signal and all other MEG/EEG channels is called cr. It is only one column of Ca.

Hence, the cross-spectrum in voxel r is calculated with the following equation:
Cs(r) = W(r)-cref

and the corresponding cross-spectral density is calculated as the sum of squares of Cs:

=) 0%

where n is 2 for MEG and 3 for EEG. This equation can also be described as the squared

Euclidean norm of the cross-spectrum:

13 Here, the term connectivity is used rather than coherence, as strictly speaking the coherence equation is
defined slightly differently. For simplicity reasons the rest of the tutorial uses the term coherence.
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cs(r) = lICsII% .
The power in the voxel r is calculated like in the cortico-cortical case:
p(r) = L {Cs(r, 1)}

At last, coherence between the external reference and the cortical activity is calculated with
the equation:

cs(r)
p(r) - Can(k, k)’

where Cai(k, K) is the (k,k)-th diagonal element of the matrix Ca.

CON(r) =

DICS is particularly useful, if coherence is to be calculated without an a-priory source model
(in contrast to source coherence based on pre-defined source montages). However, the
recommended analysis strategy for DICS is to use a brain source as a starting point for
coherence calculation that is known to contribute to the EEG/MEG signal of interest. For
example, one might first run a beamformer on the time-frequency range of interest and use the
voxel with the strongest oscillatory activity as a starting point for DICS. The resulting coherence
image will again lead to several maxima (ordered by magnitude), which in turn can serve as
starting points for DICS calculation. This way, it is possible to detect even weak sources that

show coherent activity in the given time-frequency range.

The other significant application for DICS is estimating coherence between an external source
and voxels in the brain. For example, an external source can be muscle activity recoded by an
electrode placed over the according peripheral region. This way, the direct relationship

between muscle activity and brain activation can be measured.

In the following, we will first examine cortico-cortical coherence in the model dataset
AC_Osc5.foc in the subfolder Learn-by-Simulations\AC-Coherence of the BESA Research

Examples folder. For a full description of the model data see chapter B of the present tutorial.

Second, we will estimate cortico-muscular coherence in an MEG dataset kindly provided by
Jan-Mathjis Schoffelen and Robert Oostenveld (Donders Institute). The dataset is also

available in the fieldtrip tutorial (http://fieldtrip.fcdonders.nl/tutorial/coherence), the results of

the experiment were published in Science in 2005 (Schoffelen, Oostenveld, Fries; Science

2005). This is the description of the experiment:
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The dataset used in this example has been recorded in an experiment in which the subject had to lift
her hand and exert a constant force against a lever. The force was monitored by strain gauges on the
lever. The subject performed two blocks of 20 trials in which either the left or the right wrist was
extended for about 10 seconds. A trial started as soon as the subject managed to get his force output
within a specified range from 1 to 2 N. If the force was not kept constant during the course of a trial,
the trial was terminated prematurely.

The bipolar EMG signal was recorded from the right extensor carpi radialis longus muscle in the lower
arm. MEG signals were recorded with a 151 sensor CTF Omega System (Port Coquitlam, Canada). In
addition, the EOG was recorded to later discard trials contaminated by eye movements and blinks.
The ongoing MEG and EOG signals were lowpass filtered at 300 Hz, digitized at 1200 Hz and stored
for off-line analysis. To measure the head position with respect to the sensors, three coils were placed
at anatomical landmarks of the head (nasion, left and right ear canal). While the subjects were seated
under the MEG helmet, the positions of the coils were determined before and after the experiment by
measuring the magnetic signals produced by currents passed through the coils. Magnetic resonance
images (MRIs) were obtained from a 1.5 T Siemens system. During the MRI scan, ear molds
containing small containers filled with vitamin E marked the same landmarks. This allows us, together
with the anatomical landmarks, to align source estimates of the MEG with the MRI.

Our data example (Cortico-Muscular_DICS.foc) consists of the data for the left EMG condition,
exported and compressed to a BESA binary (*.foc) file. Triggers with code 99 were added to
the data at 1 s intervals. A paradigm file (Cortico-Muscular_DICS.pdg) defines 1 s epochs
around these triggers. An artifact scan using an amplitude threshold of 3400 fT leaves 115 out

of 192 epochs for analysis.

K. Cortico-cortical coherence with DICS

1. Please open file
in the BESA
Research Examples folder. Please press
the [ Usr button from the button menu

and select the source montage RC1.
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Run time-frequency analysis by pressing
ERP / Coherence. Leave all settings at
default and press Start Time-Frequency
Analysis.

Left-drag a window over the induced
activity in the source ACsR_RC1, release

the left mouse-button and select Image.

the

Beamformer. Set the Target Interval to

Select Image to Compute to

450 to 750 ms, the Baseline Interval to -
300 to 0 ms and the Frequency Range to
22 to 30 Hz. Press Go.

Paradigm 0wl
Tigger | Condiion | Epoch | Fiter | Adfact | Average Coherenca
@ [Time Frequency Analysis|
Target Condition [~ Use Control Candition
[ston = =1
Saftings Regional Sources
Fraquency and Tima Sampling 20Kz 25ms - @ Radial Onentation
Lower Frequency Cutoff 40Hz -  All Traces
Higher Frequency Cutoff 50.0 Hz > " First Orientation
Scan for Artifacts Start Time-Frequency Analysis ‘
oK Cancel Help.
o Coreence N O3 o |
v FR_RCT
r et met | —T T m'j ‘ pan_gcs  — T *} )
- o View Phase Diagram
q q Set Baseline...
15 ot Ret Image...
ZoomIn
Ampitate = R oI - = s St (949 wiats)
Image X5
Image to Compute
(® Beamformer " DICS
Target Interval Frequency Range
Interval Start Interval Start 2 Hz
Interval End Interval End n iz

Baseline Interval

450 ms
750 ms
-300] ms
0 ms

-
Intersal Start
Upan start of editing, the baseline interval
was modified to match the number of
Intenval End

samples in baseline and target interval

Important note: To obtain a reliable beamformer image, the number of samples in the target
and the reference interval should be equal. Therefore itis recommended to assign equal
duration to the Target Interval and the Baseline Interval

If two conditions are compared, they should have approximetely the same nurber of frials.

Go

Cancel
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5. Scale up the resulting image by pressing

the ﬁl button several times. The first
maximum of the beamformer is located in
the right auditory cortex. We will use this
maximum (voxel) to probe coherence with

all other voxels in the brain.

6. In the middle panel of the source analysis
window, press the arrow key and select
DICS.
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7. In the Set Reference dialogue check the | cei Reference for DIC: =

option Use current cross-hair position.

— External reference channel

Please note that it is also possible to select

(" Reference is external channe!

a dipole or regional source as the reference

Reference channel:

in case one is working with a discrete

—Brain source

source model. Press OK.

/@ Reference is brain source

" Use location of currently selected source

(@ Use current cross-hair position

Cancel

File_Condition1_Solution _Fit

8. The resulting image suggests strong e
© OIS (19 - Standard MRI al@|[n)

8] 15 Qb+ 218 Lelel%¥ 3)56 08

coherence between the right and left |-
auditory cortices. You can use the |
button to jump through the DICS maxima
and use them as new starting points for A |

further DICS calculations.

g 1on
“‘i

0
% R

Loc: -324,-99, 1052 (Talairach)
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L. Cortico-muscular coherence with DICS

1. Please open file Examples\DICS Cortico-

J L | ve | W | ear | meo

Muscular\Cortico-Muscular_DICS.foc in
the BESA Research Examples folder. This

dataset contains 151 axial gradiometers ﬁ
and 2 polygraphic channels used for 7 2
recording the bilateral EMG signal.

Gl QY

2. Select ERP / Edit Paradigm to auto-load

. ) Look in | ) DICS ~| +BaE-
the file Cortico-Muscular DICS.PDG from —_— - Date modified
- | Cortico-Muscular_DICS.PDG 14.02.2013 13:44

the data folder. The paradigm file specifies ”
a condition containing the triggers with
code 99 that were added to the data at 1 s !&!‘
intervals. Epochs are defined to last 1 s @'

epochs around these triggers.

File nam - Open |
Files of type: [Paradigm Files ("PDG) Ea| Cancel
Directories [Paradigm Directory -

3. Move to the Artifact tab and run the artifact (oo e | M s (oo
scan by pressing Start Scan. Using an o | I [ erogrip e
o o [o[fow =]

 Gadent [0 [ 050 <]

151

amplitude threshold of 3400 fT and a | =
gradient threshold of 800 fT leaves 115 out
of 192 epochs for analysis.

I Lowsig [0 [0 /feso0 ~]
| color
i|  BadChannels |'_o

Count Accepted Conddion

192 115 (59%) 99

Sortby Eile

.
||| @ oo kosa
 Gradient —J

2 Lowsignal famse]
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4. Move to the Coherence tab and make sure
the Frequency and Time Sampling to be 1.0
Hz, 50 ms, the Low Frequency Cutoff to be
4.0 Hz and the High Frequency Cutoff to be
40.0 Hz. Start Time-Frequency Analysis.

5. In the resulting TFC window, please locate
the EMGLFT channel, right-click and
specify Show only this channel. (This
might take a few seconds!)

6. Pressthe ™ button to display the absolute
amplitude in the given time-frequency

range. Scale up the image by pressing the

@l button until the scale ranges from 0.0
to 2.4 pV. It becomes apparent that there is

an increase in amplitude around 15 Hz.
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7. Left-drag a window over the 15 Hz activity,

and select Image from the popup menu.

View Phase Diagram
Set Baseline...
Image...

Zoom In

8. Select DICS under the section Image to |image

Compute, a Target Interval from 0 to 500 Fm”e‘”mp“‘e ‘

~ Beamformer @ DICS
ms, a Baseline Interval from -500 to 0 ms || [ Tewstinenal—————————— -Fregquancy Range
Interval Start 0 ms Interval Start l]D— Hz

and a Frequency Range from 10 to 20 Hz.

Interval End 500 ms Interval End |20 Hz

Press Go. Please note that the baseline

—Baseline Interval

interval is relevant only for cortico-cortico I Gompere Gancitions

Intersal Start 500 ms

Suggestion: The baseline interwval should
be adapted in order to match the number
of samples in baseline and targetinterval

DICS computations. It is not used in the

Interval End 0 ms

T

cortico-muscular computations, as the one

Important note: To obtain & reliable beamtormer image, the number of samples in the target

H H H and the reference interval should be equal. Therefare itis recommended to assign equal
shown in the following points. 4 e

duration to the Target Interval and the Baseline [nerval

If two conditions are compared, they should hawe approximately the same number of trials.

Go Cancel
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9. After calculating the cross-spectral density | cet peference for DICS

matrix in the given time-frequency range,

— Bxternal reference channel

the Set Reference for DICS window pops ® Reference is external channel

up. Select the option Reference is an reference channel:  [EmGLET

external channel and choose channel

— Brain source

EMGLFT to calculate coherence between

(" Reference is brain source

the left EMG channels and all brain voxels.
Press OK.

¢ Use location of currently selected source

& Use current cross-hair position

10. The resulting image indicates the maximum [F= e ———

1§ Max 10110 - DICS (TF) - Standiard MRI = @R

8] 2l 28| wlwlww ¢ .
Sag

coherence between the left EMG channel

and the right somato-motor area. This is to
be expected as the subject was pressing a
lever with the left hand, which is
represented in the right

motor/somatosensory area.

w0’ R L

245,-1261,64.1 (Talakrach)
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Tutorial 10 — Cross-Subject Statistics

What does BESA Research provide?

v Export of individual results from BESA Research via batch scripting
v Cross-subject statistics using BESA Statistics

o ERP/ERF data

o Source Waveforms

o Image Data

o Time-Frequency / Coherence Results
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In a previous step (Tutorial 4), we created a source model for conditions high and low based
on the grand average data. We now want to compare conditions high and low statistically. I.e.
we want to know, whether a particular source is more or less active in the high compared to
the low condition. For this purpose, we will first create a batch that applies our source model
to the individual datasets and extracts the source waveforms per person. We will then export
the individual source waveforms and analyze them statistically with BESA Statistics.

We will also investigate the differences between more than two conditions in the same
experiment, and apply statistics to a different experiment where we look at correlations

between measured MEG data and an external covariate of interest.

A. Applying a source model to individual datasets using batch scripting

The grand average model explains the data variance in all conditions. Therefore, it can serve
as a master model to calculate the source activity of each individual subject in all 5 conditions.
The hypothesis is that the mean source location of the grand average provides a sufficiently
good model for each individual data set since a change in source location of 1-2 cm has little
effect on the temporal course of the source waveforms. Generally, fitting in individual data
results in a large uncertainty of source location, especially in depth, due to poorer signal-to-

noise ratio. We therefore want to stabilize the individual solutions by using

a) a model with fixed sources and individual orientations (locations from grand average or

mean Talairach coordinates, cf. Hoechstetter et al., Neuroreport 11: 2461, 2000)
b) a model with fixed sources and orientations (same as grand average model)

c) a model with fixed regional sources (same as grand average model, calculating mean
amplitude of each regional source as an orientation-independent measure (cf. Weisser
et al., Neuroreport 12:3303, 2002)

The orientation of the different components (N100, N150 and frontal source) differs
considerably between subjects according to individual gyral anatomy and functional
representation. Since orientation differences have a larger effect on the EEG scalp topography
than small changes in location (in the order of 1-2 cm) we should try to define the individual
orientation of each component to obtain robust source waveforms (cf. Scherg, M. and von
Cramon, D. Evoked dipole source potentials of the human auditory cortex. Electroenceph. Clin.
Neurophysiol. 65: 344-360, 1986).
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Therefore, we will use strategy a) with the mean sources defined by the grand average model

and set the orientations of the 3 regional sources individually for each subject in order to obtain

appropriate source waveforms. These individual source waveforms will then be used to

perform cross-subject statistics. Strategies b) and c) are alternatives for more noisy data.

We could apply all required steps manually to each individual data file. This is not necessary,

however, and it saves a lot of time to use the source analysis batch functions. In the following,

we will create a script that performs all steps automatically.

We will then use BESA Statistics to quickly and conveniently analyze our source waveform

results across all 10 subjects.

1. SelectProcess/Batch Scripts inthe main
window to open the Batch processing
window. We will now create a batch that
applies the grand average master model to
all individual datasets, orients the regional
sources individually and exports the

individual source waveforms for further

statistical analysis.

2. Inthe File List tab, click on Load File List,

Source Analysis

Source Image

Veoltage Maps
CSD-Laplacian Maps
MEG Maps

Density Spectral Array

FFT-Spectrum

Mean FFT-5pectrum...
Previous FFT-5pectrum
Load FFT

Linear Correlation

MNonlinear Regress.

Movie

ile Edit View Filters Montage Process

ctrl-5
|

M

T

select

and press Open. This file list
has already been used in Tutorial 3 Step B
to create the grand average. It specifies

individual average files of all subjects.

Batch Scripts... Shift+R
Run Batch... R
& Load File List X
Lookin: || | FieLis | £k B~
z} MName - Date medified Type

Quick access

| | ERP-Auditory-Intensity.flist

3/13/2008 2:03 PM FLIST File

T ERP-Auditery-Intensity-Merge.flist

127972008 12:59 PM _ FLIST File

. || PreviousSettingsBatch.flist
Deskiop || PreviousSettingsCC flist

Libraries
La
This PC
w
Netwokk <

File name:

Files of type

Directories

5/24/2017 409 PM FLIST File
3/20/2017 443 PM FLIST File

|ERP-Audnory—\rvtenslty-Merge.ﬂlst

Open

[File List (fist)

Cancel

Led Lo Lo

|Hle List directory
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3. Switch to the Batch tab. As a first command in this batch, apply appropriate filters to each
data set. Press Add Command and select Filter (Main Programs group). Select a low cutoff
filter of 0.5 Hz, zero-phase, 12 dB/oct, and a high cutoff filter of 40 Hz, zero-phase, 24
dB/oct. Click OK twice to confirm these filter settings.

setect Command X Variable Filter Settings x
General commands: Main Program: Important note:
Source Analysis and Time-Frequency Analysis are for research use |
patchermor artfactautoComect only. Results may not be used for diagnostic purposes! IV Low Cutoff Filter
ngw :;ggi?g:ﬁ BRI S i e aoa Cutoff Frequency [Hzl: 0s Type: |zaru phase | Slope: |12 dBloct
MATLABcommand AuxiiaryFies (AddSource ~ Seamformer
MATLABwaitForVariable Average ChannelTypeForfit CLARA
Pause Baseline ConvertSource Clip
RunProcess EditDefaultEpoch CorticalClara DICS
Wi Corticalloreta Export
[Eventitrite Delete GotoMax Cutoff Frequency [Hz]: 40 Type: |zer0 phaze | Slope: |24 dBioct =
Export DisplayMRI Import
FFT Exit LALRA
& FFTmean Fit LORETA
SESEs FrTsave FitConstraint SetCrosshair ™ Motch Filter

i Fitinterval sLoreta
R L L~

[Minimumnorm Smooth =] ,—2
GoTo MewsSolution SSLOFO

¢ Apply atend of batch 1A (Opensolution UserDefined
ICAsave RC»'-\ " N
ICAselect eqularization 3
_— ImportASCIT SaveBitmap ™ Band Pasz Filter
Current Seection Marklock Saveleadficiis
" Montage SaveModeliaveforms an 5
MAINFiter Paradiom SaveResidual\aveforms
PatternTaTrigger SaveRVandGFPWavefor TimeFrequency Analysis:
SendToMATLAB SaveSalution B
TriggerDelete SaveSourceMontage isplay ) )
TriggerSelect SaveSourceWaveforms Image Sampling Rate: 250 Hz oK. Cancel
SendToMATLAB Save
|SetCursor SendToMATLAB
SetDefaultSourceType StartTFAnalysis

|SetOrActivateSource
cancel setonentaton

4. As a next command, specify the epoch that will be sent into the source analysis window to
extract the source waveforms. Press Add Command and select EditDefaultEpoch (Main
Programs group). Specify an interval from -50 to 250 ms.

Select Command % Default Block £ . v
General commands: Main Program: Important note: p
- Source Analysis and Time-Frequency Analysis are for research use
BatchEnor tfsctautoComect anly. Results may not be used for diagnostic purposes!
EndFor ArtifactOn/off Source Analysis: Source Analysis Imaging: P 5':'
For ArtifactSean . i
MATLABcommand AuxdiaryFles AddSource ~ Beamformer e Curear: mz
MATLABwaitForVariable Average ChannelTypeForfit CLARA
Pause Baseline Convertseurce clip
RunProcess EU’:@:LC'E'BG oS
WindowPosition EventRead orticalloref por .
e oot cotatex Past cursar: 2500 ms
Export DisplayMRI Import.
Exit LAURA
& Apply to all ik FFTmean Fit LORETA
peiy o slies FFTsave FitConstraint SetCrosshair 3 C |
Fieopen Fitinterval sLoreta
" Apply at beginning of batch [P Minmumtlorm Smooth dNCE
GoTo hewSolution SSLOFO
" Apply at end of batch 1cA Opensoluton UserDefined
ICAsave
IChselect Reguiarization
ImportASCIT SaveBitmap
Current Selection ke SaveLendbuds
Montage SaveModeliaveforms
LOIEAS paradigm SaveResidualWaveforms
PatternToTrigger SaveRVandGFPWavefarm TimeFrequency Analysis:
SendToMATLAB Savesolution e ——
TriggerDelete SaveSourceMontage Display
TriggerSelect SaveSourceWaveforms Image
SendToMATLAB Save
SetCursor SendToMATLAB
SetDefaultSourceType StartTFAnalysis
, SetOrActivateSource
[ ok ]| _ca SetCrientation
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5. The next command marks the default block in all 8 conditions, and sends these data blocks
into the source analysis window. Press Add Command and select MarkBlock (Main
Programs group). In the upcoming window, select Default block size. Instead of specifying
a single segment label or segment number, write all in the entry Segment number. Note that
this will automatically set the checkmark behind Send marked block to SA at the bottom of
the window. Thus, all conditions from 60dB to All will be loaded in the source analysis window

simultaneously.

Select Command x Mark Data Block Task b4
General commands: Main Program: Important note: -
Source Analysis and Time-Frequency Analysis are for research use lock. size
gatchirror ArtfactAutoCorrect only. Resuits may not be used for diagnostic purpases!
Comment ArtifactMethod @
EndFor ArtifactOn/off Source Analysis: Source Analysis Imaging: Default block size
For ArtifactScan gl
MATLABcommand AuxiliaryFiles AddSource A Beamformer  \h
ole segment
MATLABWaitForVariable Average ChannelTypeForFit CLARA al
Pause Baseline ConvertSource Clip )
RunProcess EditDefaultEpoch gur:ta:flarata EEDICS . tark block around cursor or [if cursor off] from
WindowPosition EventRead orticall ore xpor g8 .
i Celete CoroMiax beginning of file
Export DisplayMRT Import.
T Exit LALRA
& FFTmean Fit LORETA .
Ayl rreme FitConstraint SetCrosshair Block location
i Fitinterval sLoreta p
" Apply at beginning of batch :}:EO[DE” inimomMorm ot If no Iaba_l iz da_f\ned, segment number nis the nth segment.
caTe NewsSalution SSLOFO I a label iz defined, segment number r is the nth occurrence of the label
" Apply at end of batch 1ca OpensSolution UserDefined [ho. of averages in the Iabel ignored!]
IChsave PCA Segment number = 'all' will mark and send each segment to 54,
IChselect Reguizrization
ImportASCI Savebitmap
Comentseecten [ S [SaveLeadiks
Montage SaveModelWaveforms
BRESaad Paradign SaveResidualWaveforms Segment label ‘
patternToTrigger SaveRVandGRPWavefarm Time-Frequency Analysis:
SendToMATLAB gavegn\uﬁm;‘ - T E—
TriggerDelete aveSourceMontage -
Triggerselect SaveSourceWaveforms lsmage Segment number or "all all
SendToMATLAB
SetCursor SendToMATLAS
SetDefaultSourceType StartTFAnalysis Send marked block to 54 [V Send marked block to Top Yiew [~
i SetOrActvateSource
cance Setorantaton

6. Now apply the master model that was generated from the grand average. Press Add
Command and select OpenSolution (Source Analysis group). Select file
Highintensity 3RS.bsa that contains the two regional sources in the auditory cortex and the

frontal source. Press Open and OK.
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Select Command X n Load Selution b4
General commands: Main Program: Important note: . . " _
Source Analysis and Time Frequency Analysis are for research use Look in: | || ERP-Auditony-intensity =l i g
BatchErnor rtfacthutoCorrect only. Results may not be used for diagnosti purposes!
EndFor ArtifactOn/off Source Analysis: Source Analysis Imaging: Name Date modified Type ~
F ArtifactScan i e
MATLABcommand AudliaryFiles ource ~ =amiormer All_Subjects_cc-2Dtest.bsa 3/21/201710:23 AM  BSAFil
MATLABwatForVaricble [average ChernelTypeFarFit cLara Quick access L] All Subjects. !
Pause Easeline Convertsouce e | ] Highintensity_3RS.bsa 12/9/2009217PM  BSAFil
orticalClara i s 5
rAkeasd e 7" Corscatorcte Eapert 7 [ ] Highlntensity_3RS-test.bs 2/9/20175:36PM  BSAFil
Eventirite Delete GotoMax ar .
Eentd Dol HRI ot Desktop [7] Lowintensity_2RS.bsa 12/9/20092:17PM BSAFil
FFT xt LAURA . [ Lowintensity_25D.bsa 2/27/2012414PM BSAFil
& Apply to all fles FFTmean Fit LORETA s )
FFTsave FitConstraint SetCrosshair m [ ] LowlIntensity_25D-testbsa 2/3/2017438PM  BSAFil
.- FilzOpen Fitinterval sLoreta Lbrar ; -
pply at beginning of batch |, Minimumiorm Smooth ries | ] statf 6/2/2017 2:36 PM ATFFil
GoTo SSLOFO - e 5 -
" Apply at end of batch 1ca UserDefined 2 LI 51.bsa 3/29/20053:32PM  BSAFil
iCasave = []51_avbsa 2/22/2017212PM  BSAFil
1CAselect Regularization This PC i
e oS E i [7]51_av-test.bsa 2/16/2017 11:42 M BSAFil
. Montage SaveNodelWaveforms @ []51-AChsa 3/29/2005 404 PM  BSAFil
BRI Paradign SaveResidualWaveforms . n R, o
PatterToTrigger SaveRVandGFPWaveforn, Time-Frequency Analysis: Network < >
SendToMATLAB gaVEgﬂhﬂm:ﬂ " T
ITriggerDelete aveSourceMontage "
Trogerselact Savesourcaiavefarms image File name: [Highintensity_3RS bsa = ﬂ
SendToMATLAR ga‘d; MATLAS
SetCursor endTol i P - m
e ourceTyps puiuliiativrd P [ Solution Files (*bsa.” par.” atf) -~
| SetOrActivateSource
Cancel ot Actate® v Directories: [ Data directory k1|

7. To obtain correct source waveforms for each individual subject, adjust the master model to
each subject’s cortical folding by adjusting the orientations of the regional sources. First, we
will reorient the auditory cortex sources in condition All that contains the average of all five
conditions. Press Add Command and select SwitchCondition (Source Analysis group). As
Condition Label, enter All. Press OK.

Select Command * i .
S8 Switch Condition Task -
General commands: Main Program: Important note:
Source Analysis and Time-Frequency Analysis are for research use
BatchErnor o ifacthutaCarrect orly. Results may not be used for diagnestic purposes!
EndFor ArtifactOn/off Source Analysis: Source Analysis Imaging:
For ArtifactScan I_ A N
F— il g [ Presvious Condition Ok
MATLABWaItForVariable Average CorticalClara CLARA
Pause Baseline Sﬂlrhslwreta Slllgs
RunProcess EditDefaultEpoch ele -
wi DisplayMRL E t
idososton EreniRed Depiar et Mext Condition Cancel
Export Fit Import
FFT FitConstraint LAURA
@« FFTmean Fitinterval LORETA
Apply ta al fles FFTsave Minimumiorm SetCrosshair
Fio) NewSolution sLoreta HH .
€ aoply stbegiming ofbatch [120%" Ope-Solon Snocth Condition Number:
GoTo PCA SSLOFQ
¢ Apply at end of batch 1cA Reguiarization UserDefined
ICAsave B :"“dﬁ "
ICAselect aveleadfields g b
curent selecs Impertascl Savevodeliaveforms Condtion Label: |2
LTRSS ERT MarkBlock SaveResidualWaveforms
; Montage SaveRVandGFPWaveforn
SASwitchCondition i SaveSolation
patternTaTriager saveSourceMontage Time-Frequency Analysis:
SendToMATLAB SaveSoura
TriggerDelete SendToMATLAB Display
Triggerselect SetCursor mage
SetDefaultsourceType Save
SetOractivateSource SendToMATLAB
SetOrientation StartTFAnalysis
SwitchCondition
- = — .

8. To adjust the N100 orientation, we need to specify the corresponding latency. Since N100
latencies will differ slightly from subject to subject, we define a time range rather than a
fixed latency. Press Add Command and select Fitinterval (Source Analysis group).

Specify a latency range of 80 to 105 ms. Leave all other options unchanged and hit OK.
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SA Fit Interval Task =
General commands: Main Pragram: Important note:
. Source Analysis and Time-Frequency Analysis are for research use
BatchEnor ArtfsctautoComect anly. Results may not be used for diagnostic purposes!
EndFor ArtifactOn/off Source Analysis: Source Analysis Imaging: (* Set the following interval:
For ArtifactSean s 5 = C |
MATLABcommand AuxiliaryFiles OUrCe -~ eamformer ance|
MATLABwaitForVariable Average ChannelTypeForfit CLARA From [ms] To [ms]
Pause Baseling ConvertSource Clip
RunProcess EditDefaultEpoch CorticalClara DICS
WindowPosition EventRead Corticalloreta Export a0 105
EventiWrite Delete GotoMax
Export DisplayMRL Import.
Exit LAURA
& Apply to all files FFTmean Fit LORETA . N .
pely FFTomve FitConstraint SetCrosshair [ Define baseline, then clear fit interval
L FicOpen sLoreta
¢ Apply at beginning of batch Fiter MinimumMorm Smooth
GoTo NewSolution SSLOFO
 Apply at end of batch 1cA Opensolution UserDefined -
ICAsave PCA ; g .
Dt Requiarization Set previously saved interval from buffer:
ImportASCIT SaveBitmap
Current Selection M;kﬁ‘u & caveLeadfields - )
SAFitinterval Montage SaveModeliiaveforms Stare cument interval bo buffer number:
nterva paradign SaveResidualWaveforms
patternToTrigger SavERV‘andGFP\"tavEfurrr Time-Frequency Analysis:
SendToMATLAB savesolution R 3 q q .
TrigerDelete SaveSourceMontage Display " Setinterval aszociated with source number:
Triggerselect SaveSourceWaveforms Image 1
SendToMATLAB Savg.r ) } ]
SetCursor SendToMATLAS (" Agzociate current interval with zource no.:
SetbefaultSourceType StartTFAnalysis
) SetOrActivateSource
&3 Cxc SetCrientation

Note: At this point in the batch, we could insert a Pause command (General group). It would
cause the batch to interrupt at this stage and allow us to modify the marked fit interval to
match each subject’s data before it continues on our OK. In this tutorial we pass this step,
but generally it is recommended to keep an eye on what the batch is doing when working

with your own data.

9. Now the first and second regional source in the model (representing the bilateral auditory
cortices) can be oriented. Add Command and select setOrientation (Source Analysis
group). In the upcoming parameter window, specify Source label AC_Left. As operation
select Orientation 1 at cursor or at maximum in interval. BESA will automatically
determine the latency within the fit interval at which the total power of the regional source is

maximal and perform source orientation at this latency. Confirm with OK.

Select Command x . .
SA Set Orientation Task h:4
General commands: Main Program: Important note:
Source Analysis and Time-Frequency Analysis are for research use
BatchErrer e tfactutoCarrect only. Resuts may not be used for diagnostic purposes! g
EndFor ArtifactOnjoff Source Analysis: Source Analysis Imaging: aurce
For ArtifactScan
MATLABcommand AudliaryFiles ConvertSource ~ Beamformer G
MATLABwaitForvariable Average CorticalClara CLARA aurce no.
Pause Baseline CorticalLoreta Clip EanCEI
RunProcess EditDefaultEpach Delete DICS
WindonPosition EventRead EISS‘BVMN Ex:;r:
Erentints B [mport AC_Left Source label
FFT FitConstraint LAURA
& FFTmean Fitlnterval LORETA
Apely to al fies FrTsave Minimumiorm SetCrosshair '_
. FieO; NewSalution sLoreta
(" Apply at beginning of batch F:,:E,DE" OpenSolution Smooth LaSt FOUrce
GoTo PCA SSLOFO
" Apply at end of batch ICA Reqularization UserDefined
= Readeriat [ All sources
ICasclect savel eadfields
ImportASCIL SaveModelWaveforms
ErETER T Marigionk SaveResdualiaveforms
Montage SaveRVandGFPWaveform -
sasetOrentaton o S2veSolition Dperation
patternTaTrigger SaveSourceMantage Time-Frequency Analysis:
SendToMATLAB aveSoura g g g o o
ekl candTMATLAS Display * Orientation 1 at cursor or at masimun in intereal
Triggerselect SetCursor image
SetDefaultSourceType SEVST ATLAS
SetOrActivateSource endTof - -
Setcrieniztion StarTr Ay " Orientation 2 at cursor
SwitchCondition
Cance v
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10. Repeat the previous command setOrientation with Source label AC_Right, the auditory
cortex source in the other hemisphere.

Select Command x . .
SA Set Orientation Task =
General commands: Main Program: Important note:
Source Analysis and Time-Frequency Analysis are for research use
BatchErrer e tfacutoCarrect anly. Results may not be used for diagnostic purposes! g
EndFor Artfactonoff Source Analysis: Source Analysis Imaging: ource
For ArtifactScan
MATLABcommand Audliar yFiles ConvertSource A Beamformer
WATUABitFor varicble sversg Cartisicara cLsa Source no.
Pause Baseline orticall ore P
RunProcess EditDefaultEpach Delete DICS I:anCEI
WindowPosition EventRead EISS‘BVMM Ex:;r: -
et e ot AC_Right  Source label
FFT FitConstraint LAURA
& FFTmean Fitinterval LORETA
Apely to al fies FFTsave MimimumNorm SetCrosshair '_
) FileOy NewSolution sLoreta
€ Aoply atbegiming of batch |[1E0°%" fevsalten cloreta Last source
GoTo CA SSLOFO
" Apply at end of batch ICA Regularization UserDefined
N oozt [ All sources
CAsclect Savel eadfields
ImportASCIT SaveModelWaveforms
ErETER T MarkBlock saveRresidualWaveforms
Montage SaveRVandGFPWaveform -
ssetOnentaton o SaveSolaton Operation
patternTaTrigger SavesourceMontage Time-Frequency Analysis:
SendToMATLAB aveSourc . . . P
TriggerDelete SendTOMATLAB Deply (* Orientation 1 at cursor ar at masirmum in inteneal
| TriggerSelect SetCursor mage
SetDefaultSourceType SEVST ATLAS
SetOrActivateSource endTof - -
Sctcrienizion StarTr Ay " Orientation 2 at cursor
SwitchCondition
Cance v

11. To set the second orientation to account for the N140 component, press Add Command,

select setCursor (Source Analysis group) and specify a latency of 135 ms.

Select Command *
SA Set Cursor Task >
General commands: Main Program: Important note:
Source Analysis and TimeFrequency Analysis are for research use
BatchEror ArtifactAutoCorrect 5
Camment ArtfactMetood only. Results may not be used for diagnostic purposes!
EncFor ArtifactOn/off Source Analysis: Source Analysis Imaging:
For ArtifactScan
MATLABcommand AuxliaryFiles AddSource ~ Beamformer
MATLABwaitForVariable Average ChannelTypeForFit CLARA |_ EItErIC_'r' [|T|S]
pause Baseline ConvertSource Clip
RunProcess EditDefaultEpoch CorticalClara DICS
indowPosition EventRead Corticalloreta Export Eanc El
EventiVrite Delete GotoMax
s DisplayMRE Import | 135
T Exit LALRA
5 Fit LORETA
B Lt mean FitConstraint SetCrosshair
FieOpen Fitinterval sLoreta
(" Apply at beginning of batch | ' MinimumMorm Smoath
GoTo NewSolution SSLOFO
¢ Apply at end of batch 1A OpersSolution UserDefined I_
e e e oo Diraw map
IChselect Reguizrization
SaveBimap
Current Selection mﬁﬁé‘tﬁicn ool eodfelds
SaveModelWaveforms
SN r;”;;g; SaveResidualiaveforms I_
PatternTaTrigger PWaveforr Time-Frequency Analysis:
SendToMATLAB SaveSolution
TriggerDelete SaveSourceMontage Display
TriggerSelect SaveSourceWaveforms Image
SendToMATLAB Save
Fm SendToMATLAS
SetDefaultSourceType StartTFAnalysis
SetOrActvateSource
e Cancel SetOrientation v

Note: Again, at this stage it could be advisable to insert a Pause command (General group)
to adjust the cursor position to the individual N140 latency, if required, before the batch

continues.
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12. As in steps 10 and 11, add the command setOrienation twice. First, specify Source

AC_Left and select Orientation 2 at cursor as operation. Then repeat the command and

specify Source AC_Right, again with operation Orientation 2 at cursor.

Select Command

General commands:

Main Program:

BatchEror

Comment

EndFor

For

MATLABcommand
MATLABwaitForVariable
Pause

RunProcess
WindowPosition

& Apply to all files
" Apply at beginning of batch

€ Apply atend of batch

Current Selection

SASetOrientation

Cancel

ArtifactAutaCorrect
ArtifactMethod
ArtifactOn/off
ArtifactScan
AuxiliaryFiles
Average
Baseline
EditDefaultEpoch
EventRead
Eventilrite
Export

FFT

FFTmean
FFTsave
FileOpen

Filter

GoTo

1CA

ICAsave
ICAselect
ImportAsCII
MarkElock
Montage
Paradigm
PatternToTrigger
SendToMATLAS
TriggerDelete
Triggerselect

Important note:

x

Source Analysis and Time-Frequency Analysis are for research use
only. Results may not be used for diagnostic purposes!

Source Analysis:

Source Analysis Imaging:

SetOrActivateSource
SetOrientation
SwitchCondition

v

CanvertSource ~ Beamformer

Corticallara CLARA

Corticalloreta Clip

Delet= oIcs

DisplayMRIT Export

it GotoMax

Fit Import

FitConstraint LALRA

Fitinterval LORETA

MinimumMorm SetCrosshair

hewSolution sLoreta

Opensoluton Smooth

CA SSLOFO

Reguiarization UserDefined

SaveBitmap

saveleadfilds

SaveModelliaveforms

SaveResidualWaveforms

SaveRVandGFPWavefarm

SaveSolution

SaveSourceMontage Time Frequency Analysis:

SaveSourc

SendToMATLAB Display

SetCursor Image

SetDefaultSourceType Save
SendToMATLAG
StartTFAnalysis

SA Set Orientation Task x

Source

Source no.
AC_Left Source label

I Last source
™ Al sources

Cancel

Operation

" Orientation 1 at cursor or at makimum in interval

& Orientation 2 at cursar

SA Set Orientation Task X

Bource

Source no.
Cancel
AC_Right  Source label

I Last source
™ Al sources

Operation

" Orientation 1 at cursor or at makimum in interval

& Orientation 2 at cursar

13. Finally, we need to set the orientation of the frontal source. Its amplitude is largest in condition

High. Therefore, add a command switchCondition (Source Analysis group) and specify

condition label High.

Select Command

General commands:

Main Program:

BatchEror

Comment

EndFor

For

MATLABcommand
MATLABWaitForVariable
Pause

RunProcess
WindowPosition

& Apply to ll files
€ Apply at beginning of batch

£ Apply atend of batch

Current Selection

SASwitchCondition

ArtifactAutoCorrect
ArtifactMethod
ArtifactOn/off
ArtifactScan
AuiiaryFiles
Average
Baseline
EditDefaultEpoch
EventRead
Eventirite
Export

FFT

FFTmean
FFTsave
FieOpen

Fiter

GaTo

ICA

IChsave
ICAselect
ImportASCIT
MarkBlock
Montage
Paradigm
PatternToTrigger
SendToMATLAS
TriggerDelete
TriggerSelect

Important note:

*

Source Analysis and Time-Frequency Analysis are for research use
only. Results may not be used for diagnostic purposes!

Source Analysis:

Source Analysis Imaging:

5S4 Switch Condition Task -

[ Previous Condition

SetOrientation
SwitchCondition
v
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ConvertSource ~ Beamformer
CorticalClara CLARA
Corticall oreta Clip
Delete DICS .
DisplayMRI Export I_
e Bt Mext Conditian Cancel
Fit Tmport
FitConstraint LAURA
FitInterval LORETA
MinimumNorm SetCrosshair
NewSolution sLoreta NN .
Opensoiston et Condition Mumber:

A SSLOFO
Requiarization UserDefined
SaveSitmap
Saveleadfields . .
Sovenogelviayeforns Condtion Label:  |High
SaveResidualWaveforms
SaveRVandGFPWaveform
SaveSolution
SaveSourceMontage Time-Frequency Analysis:
SaveSource
SendToMATLAB Display
SetCursor Image
SetDefaultsourceType Save
SetOrActivateSource SendToMATLAS

StartTFAnalysis
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14. To orient the frontal source, we will again mark a fit interval that includes its maximum activity.
Add command Fitinterval (Source Analysis group). Specify a latency range of 90 to 130 ms.

Leave all other options unchanged and hit OK.

Select Command X -
SA Fit Interval Task ¥
General commands: Main Program: Important note:
Source Analysis and Time-Frequency Analysis are for research use
Batchinor ATscautoCamect Nt Bt [Fx ety = B apEest
EndFor Artifacton/off Source Andlysis: Source Analysis Imaging: (¥ Set the following interval:
For ArtifactScan e Er C |
MATLABcommand AuxiliaryFiles ource L EAmTormer ancel
MATLABwaitF orVariable Average ChannelTypeForFit CLARA From [mz) To [me]
Pause Baseline ConvertSource Clip
RunProcess EditDefaultEpoch CorticalClara DICS
ViindowPosition EventRead Corticalloreta Export 90 130
EventWrite Delete GotoMax
Export DisplayMRL Import.
FFT Exit LAURA
& Apply to all fies FFTmean Fit LORETA ) ) N
e FFTsave FitConstraint SetCrosshair [T Define bazeling, then clear fit interval
FileOpen Fitlnterval sLoreta
(" Apply at beginning of batch | ' MinimumNorm smooth
GoTo NewSolution SSLOFO
" Apply atend of batch 1A OpenSolution UserDefined -
ICAsave PCA i H .
s Requzrization Set previously saved interval from buffer: ;
ImportASCII SaveBimap
Current Selection M;kﬁ‘u & caveLeadficlds ~ ) ]
S Montage SaveModeliaveforms Store current interval to buffer number:
{HntervE paradigm saveResidualWaveforms
patternToTrigger SBVERV‘andGFP\’VavEfWW Time-Frequency Analysis:
SendToMATLAB SaveSolution —— ‘. B H i -
TrggerDelete SaveSourceMantage Display Set interval associated with source number:
Triggerselect SavesourceWaveforms Image 1
SendToMATLAG gavEr MATLAG oA X . Lwiith
SetCursor oaliby szociabe curment interval with zource no.:
SetDefaultSourceType StartTFAnalysis
] SetOrActivateSource
& E= SetOrientation

15. Add the command SetOrienation (Source Analysis group). This time specify source Frontal
and Orientation 1 at cursor or at maximum in interval. Because no cursor is set anymore,
BESA Research orients the source at the latency of maximum source power. This completes

the adjustment of the master model to the individual subjects’ brain gyration.

Select Command x - -
SA Set Crientation Task *
General commands: Main Program: Important note:
Source Analysis and Tme-Frequency Analysis are for research use
patchEnar AfsctautoCamect only. Results may not be used for diagnostic purposes!
EndFor ArtifactOn/off Source Andlysis: Source Analysis Imaging: Source
For ArtifactScan
MATLABcommand AusdliaryFiles ConvertSource: ~ Beamformer
MATLABwaitForVariable Average gﬂf:(a:flamta EIU*RA S Qunce no. I: |
Pause Baseline orticall oref p
RunProcess EditDefauitEpach Delete DICS SNCE
viindowPosition EventRead E'ST‘BVMRI Eklésprqt
e e vt Frontal Source label
FFT FitConstraint LAURA
I FFTmean FitInterval LORETA
Apply to al fles FFTsave MinimumMorm SetCrosshair I_ L
FileD) NewSalution sLoreta
€ Apply atbegnring ofbatch | oo™ rentcluson s azt s0LICE
S Feguarat Ceerbefned r
" Apply atend of batch 1CA ‘egularization iserDefine
(Chsave Savesimap All sources
ICAselect saveLeadfields
ImportASCIT SaveModelWaveforms
CREp s Mok SaveResidualiaveforms
Montage SaveRVandGFPWaveform -
SR B peracdim Savesoluton O peration
PatternToTrigger gavESDur[EMuntagE TimeFrequency Analysis:
SendTOMATLAB aveSour . . . o
TrgseDelets SendToMATLAB Display * Qrientation 1 at cursor o at masimum in interal
Triggerselect SetCursor Image
SetDefaultSourceType sawér MATLAS
SetOrActivateSource endTof - -
St StarcTranalyss " Orientation 2 at cursor
SwitchCondition
Cancel v
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16. We will now save this model for later re-use. Add the command SaveSolution (Source
Analysis group). As a file name, specify . The string %basename% will
be replaced by the basename of the individual data file. This makes sure that the solution is
saved under different names for each subject and is not overwritten during the repeated
execution of this command with different datasets. Note that you can specify the coordinate
system in which the solution is to be saved. If the solution is opened with the same data set
later on, the coordinate system is irrelevant. However, for comparison of different solutions

across subjects, a standardized coordinate system like Talairach or Unit Sphere is

Select Command X :
SA Save Solution Task =
General commands: Main Program: Important note:
Source Analysis and Time-Frequency Analysis are for research use .
BatchError ArtifactAutoCorrect n
Batehere o ifactiutoC only. Resuits may not be used for diagnostic purposes! Inst.luctlons : : i
Encrer Artfacton/oft Source Analysi: Source Analysis Imaging: Define target file name; It can include a subdirectoy name, and
MATLABCommand AuiliaryFies e - Beanformer the file bazename [Zhazenama’). If no directory is specified in
MATLABwaitForVariabls A annelTypeForF -1 - .
Pause e Jainticiy ConvertSonce i the: file narme, the data dirsctory is used.
RunProcess EditDefaultEpoch CorticalClara DICS
indowPosition EventRead CorticalLoreta Export.
Eventitrite Delete GotoMax
Export DisplayMRT Import
Exit LAURA o .
jaill o = File name: Browse...
& Apply to all files FFTmean !
FFTsave FitConstraint SetCrosshair
FileOpen FitInterval sLoreta
€ Apply atbeginring of batch g™ vinimumiiorm Smooth %bazename’-test.bea
GoTo NewSolution SSLOFO
¢ Apply at end of batch ICA OpenSolution UserDefined
ICAsave PCA
ICAselect Regularization
ImportASCII Savebitmap
Current Selection ek ool eodfields " Head
Montage SaveModelWaveforms
BBz paradion SaveResidualWaveforms Taget ¢~ Devi
PatternTaTrigger SaveRVandGFPWaveform Time-Frequency Analysis: - aQ EWICE
SendToMATLAS ve - Py Coordinate
TriggerDelete aveSourceMontage .
TriggerSelect SaveSourceWaveforms Image System ™ Talairach j
SendToMATLAR Save
SetCursor SendToMATLAB
SetDefaultSourceType StarfTFAnalysis i+ Units phere Cancel
| SetOrActivateSource
&3 = SetOrientation ©

B. Exporting individual source waveforms via batch scripting

Next, we want to save the individual source waveforms of conditions High and Low, which we
will later load in BESA Statistics.

1. Add the command SaveSourcewaveforms (Source Analysis group) to save the source
waveforms to an ASCII file (*.swf). In the file name include as a placeholder
for the datafile, and add the exension “ ”in order to be able to associate each *.swf file

with the corresponding subject and condition.
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Select Command X
SA Save Source Waveforms Task *
General commands: Main Program: - Important note:
BaichEiror ArtfactAutoCarrect e e e s
Comment ArtifactMethod I nS"uCtanS
EndFor ArtifactOn/off Source Analysis: Source Analysis Imaging:
For ArtifactScan . g X . .
MATL ABcommand AdioryFies Ridsource ~ [Beamiomer Define target file name: It can include a subdirectory name, and
MATLABwaitForvariable Average ChanmnelTypeForFit CLARA g =, ., - . P
paue Baceling Comertsource op_ the file basename [*bazename?). If no directory is specified in
RunProcess EditDefaultepach orticalClara . : B
Windowpasition Eventhiead Cortcalorets Export the file name, the data directory iz uzed,
[EventWrite Delete GotoMax
Export DisplayMRI Import
FFT Exit LAURA
. FFTmean Fit LORETA
Qe FrTsave FitConstraint SetCrosshair .
] FitInterval sloreta 3
© npply atbegining of batch [F1S0P" Fimerial loreta File narme: Browse... |
GoTo MNewSolution SSLOFO
¢ Apply at end of batch 1cA Opensolution UserDefined
ICAsave 'CA - = .
ICAselect Reguarization %bazename®_High. swf
Current Selection ImportASCIT Savebitmap -
MarkBlock Saveleadfields
SaveModelWaveforms
SasaveSourceWaveforms porase SaveResidualWaveforms
Time-Frequency Analysis:
SendToMATLAB SaveSolution —_—
TriggerDelete SavESuur[EMumaE [Dr:;\;ey
T sauesmrcewaue forms. I-
iggerSelect e Bk Send to MATLAR
SetCursor SendToMATLAB
cetDefaultsourceType StartTFAnalysis Cancel
SetOrActivateSource
) {Orientati v

2. Add a command SwitchCondition (Source Analysis group). As Condition Label, enter Low.
Hit OK.

Select Command < Switch C —
— o p— 5A Switch Condition Task x
Source Anslysis and Time Frequency Analyss are for research use
BatchError ArtifactAutoCorrect n
patcherro [rtfactatoCo orly. Resuls may not be used for dagnostic purposes
EndFor ArtifactOn/off Source Analysis: Source Analysis Imaging:
% i Gnss e [ Previous Caonditio ak.
MATLABcommand AuxiliaryFiles onvertSource S eamformer
IMATLABwaitForVariable Average CorticalClara CLARA
pause Easeine CorticalLoreta Cip
RunProcess EditDefaultEpoch ge\e‘m et DICS
WindowPosition EventRead isplay Export oy
Erentiree at ot Mewxt Condition Cancel
[Export Fit Import
FeT FitConstraint LAURA
& apply to al files FFTmean Fitnterval LORETA
FFTsave MinimumMNorm SetCrosshair
) FileOpen NewSolution sLoreta .
€ Apply stbeginning of batch | : .
Filter OpenSolution Smooth
e e ) Condition Murnber:
" Apply atend of batch 1CA Regularization UserDefined
1CAsave SaveBitmap
ICaselect Sovet eadfelds
| ImportASCIT SaveModelwaveforms . L
S MariBiock SaveRescualiueforns Condtion Label: L
T Montage SaveRVandGFPWavefor
SN T Paradigm SaveSolution
PattermTaTrigger SaveSourceMontage Time-Frequency Analysis:
SendToMATLAB - ur
| TriggerDelete. SendToMATLAE Display
TriggerSelect SetCursor Image
SetDefaultSourceType Save
SetOrActivateSource SendToMATLAB
setorientason StartTFAnslyss
—
v

3. Repeat Step B1 for condition “Low”.

4. Add command Exit (Source Analysis I ;

General commands: Main Program: Important rote:

Source Anslyss and Time Frequency Ansiyss are for research use:

Group). This will close the source analysis B [ e
window af ' = T B =1
dow after each subject to prevent data . F = =
remaining when processing the next s (557 == =3
subject. e = =
sen ] f.:.ﬁmv‘,.m _
— | P
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5. The script is now ready to be applied to all data files in the file list. You may save the script
to disc for later reuse by pressing the Save Batch button. At this point you may open the
predefined batch script using the button
Load Batch (then navigate to folder ). This script contains all commands as
described above. In addition, a script comment has been added in the first lines using the
command Comment. These lines (preceded by a semicolon) are not evaluated during script
execution. Note that the batch scripts are stored in ASCII files (*.bbat) that can also be edited

with a standard text editor.

Batch Processing x
File it Batch |

Instructions

Add Command | Press Add Command to add new commands.
Right click on & command to edit or delete existing command.

Load Previous ‘ Save Batch ‘ Press OKto start the batch.

Clear Al | View Log File | Logging to "C:\UsershPublic’Documents BESA\Research_6_14Scripts'og'\Batch bd"
Command

:This script is part of the "Tutorial on AEP Intensity Dependence”. It ilustrates how batch scripts can
‘be employed to apply a master model to individual data files to extract individual source waveforms.

MAINFitter{LC:0.50-12dB-z HC:40.00-24d Bz, MF .off, BP :off)
EditDefault Epoch(-50.000,250.000)
MAINMankBlock{Default Epoch - All Send To S4)

SAopen Solution(C:\Users\Public\Documents"BESA%Research_&_1"\Examples\ERP-Auditony-Intensity Highlntensity_3RS bsa,Open)
SAswitchCondition{Label . All)

SAfitimterval (80,108, FitInterval)

SAsetOrentation(Label. AC_Left, 1)

SAsetOrentation(Label: AC_Right.1)

SAsetCursor{135 NoDrawMap)

ShAsetOrentation(Label: AC_Left 2)

SAsetOrentation(Label: AC_Right.2)
SAswitchCondition{Label:High)

SAfitinterval (30,130, FitInterval)

SAsetCrentation(Label: Frortal . 1)
SAsaveSolution(*:basename %4est bsa,Unit Sphere)
SAsaveSource Waveforms(ibasename % _High swf)
SAswitchCondition(Label: Low)

SAexit()

[w Single step mode [w Changes in batch written to Database [~ Leave files in the file list open after running the batch

oK | cancd | Hep |

6. Select the option Single step mode at the bottom right — this will cause the batch to pause
after every single command. This helps us in this tutorial to visually follow the processing

steps and understand how the batch works. Press OK to start the batch.
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7. BESA Research starts applying | e s s e
F |F+|WrS | SAW |[ 3D IMG | ERP | DSA || Rec _Vir | Src | Usr | Opt [EdM | LF | HF | NF | EdF | EEG |
the batch commands to the first | » |ttty I T s i W v £
3 L B B A e e BV A T S - .)
data file in the file list & ——— - e L
. ol o gt I AN Nty St I /AR A i Ayt VA W
(S1_av.fsg). It loads the file and o |- oo Wv«; m:% m:w
. . . A A I AN RN 3?‘:5]1
applies the specified filters. At | [ oo mevmzw:m;@
the bottom right, a small window i E@E“ﬂwwx:m m:zﬁmfﬁ '1'\“’
1 PT AU et et e TR ey 4\/\/\/w\,~ Fe -
il A i A s/ At s A Lot s /ARl s LA
appears that indicates the next |» [ I W At R
PP R e e
batch command to be executed. | [~ Y o]
) S B B et B o s Bttt 0 St WA A
Proceed step by step by hitting |7 [ Ao e e e
. sEn e A
the Slngle Step bUtton and “ 60dB: 64 avs 70dB: 59 avs Eﬂﬂﬁw;:rﬁwgﬂﬂﬂl\;\a\v:wmﬂd:fﬁ;\a::/w_smg‘ﬁﬁw ‘E‘
‘ ‘ [ ’ | * | * " || ‘ ] 1 ] ] Mext: EditD efaultE poch(-50.000,250.000)
Observe hOW BESA ResearCh Time: 00:00:00 Total 000010 (Ofls:000000 _ Cur Filt Sirgelien Cortinue wihoutSinge Step_ | Concel |
processes the different
commands
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BESA - C:\...P-Auditory-Intensity\S1_av.fsg - All: 320 avs, Filters: 0.5 - 40 Hz, -48 ...+248 ms - Source analysis o=
8. Note for example how the oo e ———
| Data Model | Res. | |ID|| | P.C.A | EEG | Res.Var. | Energy | Min.Dist. _ Image [l\iogel [ shell slipsoidal ~
. . ﬁ 320 avs Fiters- 05 - 40 Hz <R V. 0.825% GFP| = =h  bo -
orientation Of the N100 Org| 48,00 ms e [ty i RC Mg ickn | o500 | oo | Foom | 1@
5%\ o brain scalp bone csf
- All e— — . Conductivity: 0.3300 0.3300 00042 1.0000
components (the first i | e =

FC2 o/ L

Components of AC_Left and For =L Aot A i

Startfit| _MSPS ||| Buinv-. | @ @
AC_Right) takes place in the m Q

marked fit interval. If the marked > =

fit interval would not include this

subjects N100 latency, we could

manually adjust the fit interval

Single Step =]

while the batch pauses before

Net ShastDiientation(LabetAC_Right 1)

Data (1-16 of 31) | Source waveforms

continuing. For the data in this

Single Step Contirue without Singls Step_ | Cancel |

tutorial, the fit intervals have
been defined appropriately for
each subiject, therefore you can
hit Continue without single
step at any time to make the
batch proceed automatically

without interruption.

9. When the batch processing has | gatch Completed =] = =
completed, a notification window File: 1: C:AU.umentzs\BE SAME xampleshE R P-Auditory-Intensityt51_av.fzg

will appear. Task:  Batch Completed

Wiew Log
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10. BESA Research keeps track of
all steps that have been carried

- Windo

SRR ==

nts\BESA\Scripts\Log\Batch.ml

elp

<[4 x |4 coogte »

‘
‘

»

e | o5 @ s

ites ] Web Slice Gallery

[ R SR 5 v Pagev Safetyv Tookw @v

# To help protect your security, Intemet Explorer has restricted this webpage from running scripts or ActiveX controls that could access your

(& Ci\Users\Public\Documents\BESA\Scripts\LoghB.

computer, Click here for options.. x

out and documents them in a log
file. After

batch, you can press View Log

BESA batch protocol

completion of the

+ run: 2009-12-11 17:59:08
o file: 1: C:\Users\Public\Documents\BESA\Examples\ERP-Auditory-Intensity\S1_av.fsg

= MAINFilter(LC:0.50-12dB-z,HC:40.00-24dB-z,NF:off BP:off)
» EditDefaultEpoch(-50.000,250.000)
= MarkBlock(DefaultEpoch,-.All.SendToSA)
= Marked 8 block(s)
= SAopenSolution(C:\Users\Public\Documents\BESA\Examples\ERP-Auditory-
Intensity\HighIntensity_3RS.bsa.Open)
= RV%: all: 1.422 (best 0.739), range: - (best -), cursor: -
= SAswitchCondition(Label:All)
= Command ignored: condition already activated
= SAfitlnterval(80,105,Fitlnterval)
= RV%: all: 1.422 (best 0.739), range: 0.825 (best :0.739), cursor: -
» Pause(Adjust fit interval to match this subject's N100 latency range.)
= SAsetOrientation(Label:AC_Left,1)
= SAsetOrientation(Label:AC_Right,1)
= SAsetCursor(135,NoDrawMap)
= RV%: all: 1.422 (best 0.739), range: - (best -), cursor: 7.186
»_Panse(Adiust enrsor nosition to match the subiect's N140 latencv.)
0] B Computer | Protected Mode: Off B v R1B% -

in the Batch Completed window
to view this log file. Then press
OK to Batch

Completed message window.

close the

Batch scripts like the one shown above allow for simple and fast analysis of a complete EEG or
MEG study. Output of our example script are individually adjusted source model files (*.bsa) and
individual source waveforms for each condition, containing the brain responses to the different
auditory stimuli in each subject.

9 9 90 e
EIEIEIIE

The plot above illustrates the necessity to model the orientations individually. Shown are the ten

different orientations obtained for the N100 component as stored in the individual solution files
(*.bsa). The large variation of the N100 orientation between subjects is a correlate of the inter-
subject variability in the orientation of the auditory cortex. Without adjusting the orientations
individually, the first components of AC_Left and AC_Right would not optimally reflect the

individual N100 component.
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C. Introduction Cluster Permutation Statistics

Before we get started with BESA Statistics, it is important to understand the background of cluster

permutation statistics. The following paragraphs will give a brief overview.

Preliminary parametric test

The preliminary parametric test is the first step in the analysis of data in BESA Statistics. The
type of test that is applied depends on the experimental design that was chosen.

t-Test: Comparing two groups or conditions

For the comparison of two groups or two conditions, as a first step, BESA Statistics calculates a
preliminary Students t-test (Hays 1988) between groups / conditions per data point. A t-test is
computed to determine whether there is a significant difference between the mean of two groups
/ conditions. A t-test is associated with a t-value and a corresponding p-value which indicates the
significance of an effect. P-values smaller than 0.05 are generally considered significant. The p-
value becomes smaller if the t-value becomes larger. t-values are influenced by the size of the
difference between the group / condition means and the size of the variance in both groups /
conditions. Generally speaking, the difference between two group / condition means can be small
for the test to become significant if the variance in both groups is also small. On the other hand,
a large difference between two group / condition means does not automatically imply a significant
effect. It is also required that the variance in both groups / conditions is not too large. Apart from
the t-value, the p-value is influenced by the degrees of freedom (DF) for the specific test
computed. DF are dependent on the number of subjects. The more subjects constitute the groups
/ conditions, the larger the DF. Larger DF are more likely to be associated with a significant test

result, as variance can be estimated more precisely with a larger number of subjects.

A t-test can be paired or unpaired. A paired t-test is appropriate when there is a dependency
between the two conditions that are compared. This is generally the case if two conditions in the
same set of subjects are compared (e.g. subjects listening to high intensity vs. low intensity
tones) or if the same subject is measured twice for the same task (e.g. listening to 1000 Hz tones
before and after a training period). An unpaired t-test is appropriate when there is no dependency

between the two groups that are being compared. This is generally the case if two different
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groups of subjects are compared for the same condition (e.g. motor response in left-handed
subjects vs. right-handed subjects). The selection of the correct type of t-test is important: in a
paired t-test smaller differences between conditions are necessary for the test to become

significant in comparison to an unpaired t-test.

Generally speaking, the likelihood of obtaining significant results is higher if a specific hypothesis
about the data is tested. When there is no specific hypothesis as to whether one group / condition
has higher or lower values than the other group /condition, a two-tailed t-test should be selected.
When there is the hypothesis that the first group / condition has higher values than the second
group / condition, a one-tailed-right t-test should be calculated. When there is the hypothesis that
the second group /condition has higher values than the first group / condition, a one-tailed-left t-

test should be calculated.
F-Test: Comparing more than two groups or conditions

If more than two groups or conditions need to be compared, the t-test is no longer feasible. For
this scenario, the preliminary test of choice is the F-test. Here, an F-value is computed that
corresponds to a p-value. The F distribution is not symmetric — there are no negative F values -
and so there is no scope for choosing a one-tailed or two-tailed test as in the t-test scenario.
Similarly to the t-test, the p-value is a measure for the likelihood that all groups / conditions were
drawn from the same underlying distribution, and are thus interchangeable. In other words, a
significant p-value (e.g. p < 0.05) points to a high probability that at least one of the groups /
conditions differs from at least one of the other ones. It is, of course, also possible, that more

than one pair of conditions differs from each other.

Permutation Test (non-parametric)

When computing a large number of t-tests or F-tests, the probability of obtaining a significant
result by chance is high. Typically, an a-error of 5% (p-value = 0.05) is assumed when calculating
statistical tests. Thus, if a significant result is achieved, there is a 5% chance that this result is
considered significant although in truth it is not. The more tests are computed, the higher the

probability those statistically significant results are obtained by chance.

Statistically analyzing EEG / MEG data usually involves computing a large number of tests, as

two conditions are compared for a large number of electrodes over a time interval containing
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many data samples. Therefore, the multiple comparisons problem is particularly prominent when
running statistics on EEG / MEG data.

There are different ways to address the multiple comparisons problem. The easiest is to apply
the Bonferroni correction (Abdi 2007), in which the significance level (e.g. p = 0.05) is divided by
the number of tests computed and only those tests are assumed to be significant with p-values
smaller than the corrected value. For example, if 100 tests are computed, the corrected p-value
would be 0.05/ 100 = 0.0005. This approach is very conservative and the chance is high that
significant results are wrongfully rejected.

BESA Statistics uses an alternative approach to deal with the multiple comparisons problem:
Permutation testing in combination with data clustering. The main idea is that if a statistical effect
is found over an extended time period in several neighboring channels, it is unlikely that this
effect occurred by chance. Thus, the initial step is to define data clusters that show a significant
effect between groups / conditions. For each cluster, a cluster value can be derived consisting of
the sum of all t-values of all data points in the cluster. Then it is tested if the initial data clusters
survive permutation. Permutation means that the data of subjects (i.e. unpaired tests were used
for t-test, or between-group measures were taken for F-test) or conditions (i.e. paired t-tests, or
repeated measures within the same group were used) get systematically interchanged.
Depending on the number of subjects per group / condition and the type of test, a certain number
of permutations are possible. For example, if 10 subjects are compared for two conditions using
a paired t-test, 1024 (2", where n is the number of subjects) permutations are possible. If 10
subjects are compared with another set of 10 subjects for the same condition using an unpaired
t-test, 184756 ("), where n is the number of subjects in the larger group, and k is the number
of subjects of the smaller group; NB: in this example, the groups are the same size!) permutations
are possible. For each of the calculated permutations (default: 1000%%), a new test is computed
and a new cluster value is derived for each of the initial clusters. Thus, a new distribution of
cluster-values is determined for each of the initial clusters. Based on this new distribution, the
significance of the initial cluster value can be determined. For example, if only 2% of all cluster
values are larger than the initial cluster value, the initial cluster can be considered significant with
a p-value of 0.02. Thus, based on the computed cluster-value distributions, the significance of
each initial cluster can be determined directly (see the following

14 Drawn randomly without repetitions from all possible permutations. If there are not enough subjects to select
1000 permutations, the number is automatically adjusted to the maximum possible number of permutations.
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Figure C-1).

Positive distribution for 5000 permutations
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Figure C-1: A realistic distribution of cluster values based on 5000 permutations is displayed. The figure
indicates that a cluster value of 200 is associated with a probability value of p=0.01, meaning that only

1% of all clusters have values larger than 200.

Depending on the direction of a statistical effect (i.e. condition 1 can have larger or smaller values
that condition 2), negative and positive clusters can be found. If a negative cluster is tested for
significance, it will survive permutation testing if the initial cluster value is more negative than

95% of all cluster values generated by permutation.

Since in permutation testing the distribution of cluster values is computed from the input data,
and p-values are derived directly from the computed distribution, permutation testing is
considered non-parametric, or parameter-free. This is a great advantage, since it is not required

that data are normally distributed, as would be the case if classic parametric tests were used.

For more details on the implementation of the permutation test as implemented in BESA Statistics

please refer to the following publications: (Bullmore, Suckling et al. 1999; Maris and Oostenveld
2007; Ernst 2004).
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Cluster neighborhoods depend on the type of data: The figure below shows an overview of
neighborhood connectivity with the data types supported by BESA Statistics.

Time Data ERP / ERF

domain type

Images

Conne 2D+time Separate sources: 3D+time

ctivity time
Time- Data ERP/ERF SWF
frequen- | type N 7
cy
domain Sh=le r

: e
- =T
Conne | 5D +time+frequency Separate sources:

ctivity

time+frequency

Post-hoc testing

In the case of F-tests used in univariate ANOVA, it is highly desirable to investigate which pairs
of conditions / groups were responsible for the significant effect. For this purpose, a post-hoc test
is available. BESA Statistics uses a Scheffe test with subsequent Bonferroni-Holmes correction
- after all, the problem of multiple testing applies for post-hoc tests as well: If, for example, 4
conditions are part of the test, 6 different combinations of pairwise comparisons need to be made.
The Scheffe test ensures that the pairwise clusters do not grow outside the boundaries of the
previously established F-test clusters. The Bonferroni-Holmes correction is less conservative

than the pure Bonferroni correction but still provides a valid correction for multiple comparisons.
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D. Analyzing source waveforms statistically using BESA Statistics

In the following, we will load the source waveforms we created in BESA Research and run a
cluster permutation test in order to identify time-regions and sources, which show reliable

differences between conditions High and Low across all subjects.

1. Start BESA Statistics by double-clicking its icon on your desktop.

.4
BesaStatistics.exe

2. When BESA Statistics is opened for the [ see e sesa st beis ose SN S

first time, the project folder needs to be Al pragsc dats wil bo soved b th folger

Mote: If needed, you may switch between different BESA Statistics Data folders using the menu item

defined. This is the folder where BESA e = Select Data Folder

. . . C:\Users\Public\Documents\BESA Statistics\Projects\
Statistics stores and reads all project and
result data. A dialog box appears. Press
OK to confirm the pre-selected folder.
3. Please close the natification box by () BESA Statistics =
pressing OK. We can now start W|th The BESA Statistics Data Folder has been selected successfully.

Project data will be written to and read from folder
C:\Users\Publich

setting our project targets. Update Data Folder Info
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955 s 2 - o0 =

4. Press Start New t-test Project in the ~«=ww

Select Project

interaction window on the right-hand side.

5. As we want to analyze the source ’} BESA j BESA

waveforms we created in the previous

steps, please select SWF in the  Siiiaeme "™ o i o
v t-Test
i i I B e v Paired t-Tes!
interaction ~ window.  Press  Next.  r img Al
. . L RSNy ™ One-tailed-left
We will use a paired t-test for preliminary S ™ Onetailedight

™ Unpaired t-Test

statistics as we compare two dependent
samples, i.e. two conditions within the
same set of subjects. We will use a two-
tailed t-test as we do not want to test a

specific hypothesis.

6. Press Next or hit the space bar to

continue to the next workstep.

PTST——
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7. Press Load Data for Condition 1 in the
interaction window. (Please note: Had we
selected an un-paired t-test, we would be
prompted to load data for Group 1.)

' 1MBESA

| Load Data for Condition 1 |

Load Data for Condition 2

8. Specify the Group name to be “Control
Subjects” and the Condition name to be
Set name for group and condition.
ngh and press OK. Group: Control Subjects
Condition: High|
9. Please browse to the folder | convol subjecsi
. l Lookin: | ERP-Auditory-Intensity - @& @
C:\Users\Public\Documents\BESA\Res - — - PT———
) —z | | s1_av_Highswf 17.02.2012 12:04
earch_6_1\Examples\ERP-Auditory- RecentPlaces | 51av Lowswt 170220121204
— -\ | | 52_av_High.swf 17.02.2012 12:04 E
Intensity and select the 10 swf-files we o, flg e EE
i . . '-T--| SS_av_Lurw‘swf 17.02.2012 12:04
previously created for condition “High”. o [stavhighom 170220121204
ibraries S4_av_Low.swf 17.02.2012 12:04
Press Open. e Hos010 008
Computer | | s6_av_High.swf 17.02.2012 12:05 i
) ) @, < [ ] 3
Note: Depending on the data selection e o #5710 aw_ighs 51 v Highsnf"S2_av_High = Spen
. . Files oftype [Source Waveform Files (" sw) - [ cance |
under Set Project Targets, Files of Type RecentFolders. G aisies Example Dataimage Exanplelcond ) <

will be automatically set to the expected

file format.
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10. A summary of the files we selected will be
displayed in the main window and a green
tick-mark will appear next to the first load-
button. Press Load Data for condition 2

(or press Next or hit the space bar).

11

Specify the second Condition name to be

“Low”. Note that Group cannot be edited
Set name for group and condition.

anymore, as the paired t-test expects two

Group: Control Subjects

different conditions the same set of Condition: Low

subjects. Press OK.

12. Now select all 10 swi-files with the [Bcmsuc R
. Lookin: | ERP-Auditory-intensity >~ @F r@E-
extension “_Low” and press Open. B [Name 2 Datemodiied -
. -~y | ] 55_av_Low.swf 17.02.2012 12:05
Important note: If a paired t-test was RecentPlaces | (156 av Highawt 17022012 1205
-w \ S6_av_Low.swf 17.02.2012 12:05
selected under Set Project Targets, the | oewr oo T
s | S8_av_High.swf 17.02.2012 12:05
number of files loaded in both conditions . e 0220121205 | |
ibraries S9_av_High.swf 17.02.2012 12:05 =
. . . . v \ S9_av_Low.swf 17.02.2012 12:05
needs to be identical. This is not the case A $10_av High.uf 17022012 1205
Computer 17610 av Low.swf 17.02.2012 12:05 P
for un-paired t-tests. @ ‘ '
Nework  Filensme *S10_av_Low.swP "ST_av_Low.snf' "S2_av_Low.s ~
Files oftype [Source Waveform Files (swi) - [ cancel |
RecentFolders: | Ci\.search_5_3Examples\ERP-Auditory Intensiyl |
)
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13. Again, a summary of all files loaded for the ®
second condition will be displayed in the j BESA

main window and a green tick-mark will

| LoadDataforCondition1 | of

appear next to the second load-button.

| LoadDataforCondition2 | «f

Press Next or hit the space bar to

continue.

14. The three sources that are part of our

source model are now displayed in the

main window. They have the same colors
as in the source analysis window in BESA
Research. Press Run Preliminary t-Test Ay Bel A

or Next to see point-wise t-test results.
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File Edit View Help

Set Parameters — f} BESA

DS Ew A
Run Preliminiary t-Test «

‘Workflow Overview

Set Project Targets +
Starttime [ms]
Statistical Analysis 48.000 D
Load Data + Endtime [ms] 0
248.000
Set Parameters

Statistical Settings

Cluster Alpha 0.060
Number of

Permutations (<] 1000
[] Average over Time

High Low Difference
E 50 E
x - < 20 Display Left Display Right
© ° 0 Condition 1 Difference
I g Condiion 2 || tValues
;Q :a ~20- Mask Mask
£ -25 £
< ! . : < 40 ! ! i Select Source

0 50 100 150 Latency [ms] 0 50 100 150 Latency [ms]

Current Latency [ms]
Preliminary statistics computed successfully
o (€L

For more information about this Workstep see the Set Parameters section in the description of the BESA Statistics Workdflow.

=

15. Results for the first orientation of the first source in the source model (AC_Left) are displayed
in the detail windows. It appears that “Low” has smaller amplitudes than “High” in the
baseline, and “High” has smaller amplitudes then “Low” over an extended time-range starting

roughly at 150 ms.

Important note: These are preliminary results that are not corrected for multiple
comparisons! They should not be interpreted. They only serve as an initial orientation for

what is in the data and for defining regions of interest.
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16. Different sources and orientations can be selected in

) ) ) Display Left Display Right
the drop-down menu of the interaction window. Under Condition 1 Difference
“y: T . Condition 2 | t-Values
Display Right” a selection can be made between Mask Mask

Difference (i.e. in this case “High” minus “Low”) or t-
Select Source

values (point-wise). The according selection will be AC Left-01 -
AC Left-01

displayed in the right detail window. A mask indicating Current Latency [ AC_Left-02
Y [ Ac(ef-03
significant time-periods can be switched on or off for 0.000 EAc:Right-m
o AC_Right-02
both detail windows. AC_Right-03
[FrnntaI-O‘] A
Frontal-02
Frontal-03
17. It is possible to restrict further analysis to a region of
P Y g Run Preliminiary t-Test ] v
interest by changing the Starttime and Endtime. This
can increase the chance that a cluster survives ]
48000 (€[}

permutation as the distribution of cluster values is T
estimated based on a restricted sub-set of data- 248.000 U2
points. For example, one might only include the post-
. . . . . . Statistical Settings
stimulus period in the calculations. We will not restrict
the time-window now but see what happens to the Cluster Alpha 0.050

MNumber of

cluster in the baseline after permutation. Permutations 1000
[] Awverage over Time

Under the section “Statistical Settings”, a Cluster Alpha value needs to be set. This value
refers to the significance level that is the threshold for a data-point to enter a cluster. The
default value — which we will use now —is p = 0.05. However, it can also be a value larger or
smaller than 0.05, larger p-values leading to larger clusters. Please note that the Cluster

Alpha value does not equal the significance level of the permutation statistic!

The number of permutations also needs to be set. The default level — which we will be using
—is 1000 in order to get a reliable estimate for a significance level of p = 0.05, i.e. if the test
is run multiple times, the same clusters will stay significant. The possible number of

permutations is restricted by the number of subjects and the type of preliminary t-test (paired
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or unpaired, see above). If 1000 exceeds the number of possible permutations, BESA

Statistics will automatically reduce the value to the number of possible permutations.

Press Next or hit the space bar to continue.

18. Press Run Statistics to start the permutation
process and all according calculations necessary
for determining the probability of our initial

clusters.

19. An information window appears summarizing the
settings for the cluster permutation test. Press
OK to continue. Please note that the following
calculations can be time-consuming depending
on the type of data and the number of data-

points.

BESA Research 6.1 Tutorial
Copyright © 2017
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3 The settings for running the permutation test are as follows:
,J; The cluster alpha used for cluster building is 0.05.
The number of permutations is 1000

Press OK to accept the settings or Cancel in order to modify.

oK ] [ Cancel
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Perform Statistics
DEdE e a

Workflow Overview

Set Project Targets v - = : .

/S O\
Statistical Analysis / \1
Load Data L4 /

Set Parameters 4

Perform Statistics N

High Low Difference

50
25

20-

~20-]

-25- )

Amplitude [n&m]
o
Amplitude [n&m]

Statistical calculation finished successfully.

Note: These results are corrected for multiple comparisons.
For more information about this Workstep see the Perform Statistics section in the description of the BESA Statistics Worklow

Er—rrr e el e o BT

50 100 150 Latency [ms] 50 100 150 Latency [ms]

File Edit View Help

11BESA

E——

Permutation Test Results

Val | Cluster +-[Vis | a
Jokck 001[p=0.00000] — [
Jok 002[p=0.00100]  +
*  003[p=0.01000] + E
+ 004 [p=0.04200]
005 [p=0.05300]  + B
006 [p=0.06500]  +
007 [p=0.10500]  —
008 [p=0.46900]  —
009 [p=0.57900]  + L
00 fn=n GNEANL &
Display Left Display Right

Condition 2 t-Values

Condition 1 Difference
O
Mask Mask

Select Source

e or—)3)

Current Latency [ms]

184.000 i}

J)

20. Once permutation statistics are computed, the cluster with the largest cluster value (and

smallest p-value) is automatically selected and displayed. Up to 100 clusters are displayed

in the interaction window and significant clusters are marked with stars according to their

significance level. Clusters that do not reach p = 0.05 but are smaller than p = 0.1 are marked

with a “+”.

The biggest cluster is the one we saw previously (see step C 15) in source AC_Left in the

first orientation. We can now be certain that “High” does indeed lead to a more negative

amplitude than “Low” in an area of the left auditory cortex associated with tangential activity.

This effect lasts from 144 ms to 216 ms. It is noteworthy that the preliminary cluster that could

be seen in the baseline did not survive permutation!
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..} BESA Statistics

=X
File Edit View Help
Perform Statistics ) ’w BE S A
DETEw a 3
aWDrkﬂow Overview } PN Run Statistics v,
Set Project Targets v - — ~ j o~ \\\\ / g \
Statistical Analysis N \ / @ \\ / / \
/ /
peadial v /[ ® o \\ \ [/ \ ([ » ? ® |
\ ey \ L f
Set Parameters "4 ‘: ‘\\7( J ;‘ \f: l .\v/' ,‘ “\\ AL A J },j
Perform Statisti Ny ) AN /S L — /)
erform Statistics D ! \ \ // ) OX J O [/
/ | \ \ /
{ |‘ \_ A~ / \ |
\ | - I
_—— A S
/ — \\ Y \k\\ / - \\\\
/ \ / \ / T \\ Permutation Test Results
/ @\ A R\ /{ \
[/ \‘ \ [/ \/\/ \ 4 )\ Val - | Cluster +-[Vis |~
[ ~ ) | ([ [} ® |pn | o | Jock 001[p=0.00000] - [
|\ \7 = )] A / J‘ A ) ok 002[p=0.00100] +
\ = - U\ \\ // N VA N— ~—//) % 003[p=0.01000] + v |=
‘ <4 \ / \) U/ + 004 [p=0.04200]  +
\ A\ / \ | 005 [p=005300]  + I
| ~ ~_A_—" [ 006 [p=0.06500]  +
l / R | 007 [p=0.10500] -
008 [p=0.46300]  —
High Low Difference 29??’?2&:9231 : -
T 60 T 60
< 404 < 45 Display Left Display Right
oy a0 @ Condition 1 Difference
2 1 = 20 Condition 2 [ t-Values
=] = Mask Mask
g g 0
& = Select Source
0 50 100 150 Latency [ms] 0 50 100 150 Latency [ms]
uuuuuuuu pvau an = gl Current Latency [ms]
Cluster 1 0 13.0407 253121 @ 116.000 ) B
Cluster2 0001 43882  0.756319
Cluster3 001 260748 82521 -

21. The second significant cluster is found in the first orientation of the frontal source. “High”

leads to larger amplitudes than “Low”. This effect starts at 68 ms and ends at 136 ms.
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() BESA Statistics 1.0 - New Statistics proj
FEile Edit View Help

|| Perform Statistics
DESBw e

‘Workflow Overview

Set Project Targets v :‘\\
Statistical Analysis ™\
Load Data v { i “‘-
( \
Set Parameters v | /-‘ |
\ — =
Perform Statistics A _
1%

/ \ /_/ N\ Permutation Test Results
/I \ / \
/ \\ Jé by Val - Cluster - [Vis | -
[ B [ e @® | Fokk 001 [p=0.00000] - v [ |
\ _) AN ) . 5 Hok 002(p=0.00100]  + v |
\ - Y Wi\ S=— o / *_ 003[p=001000] *+ « |=
\ g ) + 004 [p=004200]  *
I‘ \ A 005 [p=0.05300]  + 7
| - A 006 [p=0.06500]  +
=
- 007 [p=0.10500] -
008 [p=046900] -
009 [p=0.57900]  +
High Lo Difference o1 ?-n an nnl . =
E 50 E a0
Z z Display Left Display Right
- o 204 Condition 1 Difference
R = Condiion2 [ tValues
2 = Mask Mask
E E -204
<< << Select Source
0 50 100 150 Latency [ms] 0 50 100 150 Latency [ms] [€)lac Rancoz ]3]
uuuuuuuu e T ma N Current Latency [ms]
Cluster 1 0 13.0407 253121 B 132.000 o
Cluster2 0001 43882 0756319 m
Cluster3 0.01 260743 82521 -

=)

22. The last significant cluster can be found in the second orientation of AC_Right, i.e. the

auditory cortex region associated with radial activity. Again, “High” has larger amplitudes than

“‘Low” from 100 ms to 144 ms.
23. A summary of cluster statistics containing
the cluster p-values and the condition
means are displayed®® in the information

window below the main window.

Summary of cluster statistics:

Clusters p-values Mean 1 Mean 2
Cluster1 0 -13.0407 25311
Mt ne M oAnd A2 DOy N FCCW4AN0

15t is also possible to export all statistical results as well as group/condition and individual means as csv-files.

Likewise, it is possible to export all images as png or eps-files.
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24. Press Finish to end and save the current e . ==

Group [ TPect
v Example

project. Save it under an appropriate name.

sae |

[ cancel |

E. Comparing more than two conditions or groups with BESA Statistics

In the following, we will explore the possibility to compare more than two conditions or groups
using the ANOVA workflow. We will continue using our auditory intensity data set, however this
time we will work with scalp data and will be asking if there is a significant difference between
the conditions: 60dB, 70dB, 90dB and 100dB. Additionally, we will consider a variable of no
interest, in this case the number of trials per average per condition per subject, and will thus be
using the ANCOVA workflow.

1. Start BESA Statistics by double-clicking its icon on your

BESA

desktop. Then start a new ANOVA project by selecting
the Start ANOVA project button.

[ ————
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2. Please select the data type to be analyzed. In this

case it will be an ERP/ERF experiment and we will be 1 BESA
looking at EEG data directly. Press Start to proceed B st
to the next step.

- o x

e ESL Sem Emed to
Sat Projact Targats BES A

3. As we are dealing with different conditions within one
group of subjects we select the Within Group

(repeated measures) option. We wish to consider

the number of trials per condition per subject as a
covariate of no interest and thus select the option
With Covariate of no Interest (ANCOVA). Please

press Next. —
4. Our example auditory intensity experiment has 10
subjects and we are considering 4 conditions (60dB,

70dB, 90dB and 100dB) and our covariate of no

interest is the number of trials. Please enter the

values in the respective fields and press Next.

5. Load all covariates of no interest and conditions for all subjects. The respective files are

located in the BESA examples folder:

. Please note that as we will be permuting over the conditions
(whose difference we are probing) the order of the subject files must be the same for all
conditions. If this was an in-between group case instead, the order of the subject files would
not matter. Check that the order is indeed the same. In case that it is not, the order can be

changed by clicking into the respective cell and using the arrow button that appears. When
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you have confirmed the order please select Accept Data Order and press Next.

8 BESA Statistics 2.0 — [m] x
Eile Edit View Export Help

e 1 1BESA

5 = X o ‘ Load Data for number of trials 60dB «
Subject number of trials Condition 1 £
N 5008 B00E \ Load Data for 60dB vy
1 64 D:\BESA_Statistics_2.0_Examples\Examples\ANOVA ANCOVA Correlation Example Data\ERP 4 Conditions\60dB\S1_av-60dB.avr
2 84 DABESA_Statistics_2.0_Examples\Examples\ANOVA ANCOVA Correlation Example Data\ERP 4 Conditions\60dB\S2_av-60dB_avr ‘ Load Data for number of trials 7048 s’
5 110 D\BESA_Statistics_2.0_Examples\Examples\ANOVA ANCOVA Correlation Example Data\ERP 4 Conditions\60dB\S3_av-60dB.avr ‘ J
4 6 DBESA_Statistics_2.0_Examples\Examplas\ANOVA ANCOVA Corralation Example Data\ERP 4 Conditions\60dB1S4_av-60d5.avr f oadilata for b
5 70 D-\BESA_Statistics_2.0_Examples\Examples\ANOVA ANCOVA Correlation Example Data\ERP 4 Conditions\60dB\35_av-60dB avr
= = = P! P P = Load Data for number of trials 90dB J
6 94 DABESA_Statistics_2.0_Examples\Examples\ANOVA ANCOVA Correlation Example Data\ERP 4 Conditions\60dB\S6_av-60dB.avr
7 88 D-\BESA_Statistics_2 0_Fxamples\Examples\ANOVA ANCOVA Carrelation Example Data\ERP 4 Conditions\60dB\S7_av-60dB an ‘ Load Data for 90dB «
8 54 D\BESA_Statistics_2.0_Examples\Examples\ANOVA ANCOVA Correlation Example Data\ERP 4 Conditions\60dB\S8_av-60dB.avr
9 97 D-\BESA_Statistics_2 0_Fxamples\Examples\ANOVA ANCOVA Carrelation Example Data\ERP 4 Conditions\60dB\S9_av-60dB awr Load Data for number of trials 100dB
= 2.0 p p p _
10 51 D-\BESA_Statistics_2.0_Examples\Examples\ANOVA ANCOVA Correlation Example Data\ERP 4 Conditions\60dB\S10_av-60dB.avr
- 20_Exampl P P - \ Load Data for 100dB vy
I Accept Data Order | «
| »

Data were loaded successfully.

For more information about this Workstep see the Load Data section in the description of the BESA Statistics Workflow.

Previous || Mlext ]

6. Once you pressed Run Preliminary F-Test you can recognize several regions where
significant results were found. Change the Current Latency to 100 ms. Using the map of F-
values you can pick the channel with the peak of the map (C4). Click on this channel in the
Top View to see the F value and amplitude distribution displayed in the selection window.
You can choose to visualize each of the conditions via the Display Top/Right drop down
menu. Note the maximum around the C4_avr channel that corresponds to a preliminary
cluster as is evidenced by the red shading in the right display window. In the left detalil

window, the amplitude plot for the 60dB condition is shown. The Display Left drop down
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menu can be used to display the other conditions including an overlay of several conditions.

Eile Edit View Export Help

Set Parameters ) B ESl
3 dw 2

Workflow Overview Run Prefiminary F-Test Y]
Set Project Targets v —

Stantime [ms]

Fooo00 €| F—— 3
Endtime [ms]
[w6000 <} 3]

Statistical Analysis
Define Experimental Design
Load Data v
Set Parameters

Statistical Settings

Neighbor Di
ook e T >
Cluster Alpha <Jos00 >|
Number of s
Pomaions <7000 3
™ Average over Time.

[~ Average over Channels

(
10

o Display Let Display TopRight
104 [Condtions  +] [Stats /Data ]
Select Channel

20
F-Values <Jow 1>

Current Latency [ms]

£ 209Ca on T 00000 <j— f—— 3|

n W, & 2 15 Sat Scale
R e | <— >3]
| Display Settings
4 y [ms] 10 ( 4 L Scalex 10
>
Preliminary statistics computed successfully Zoomx 1.0
—
For more information about this Workstep sea the Set Parameters section i the description of the BESA Statistics Workflow < 2
Previous. — Next

7. In the menu Statistical Settings, we should choose a
neighborhood relation for the channels. Please select 6 cm for ~ Statistical Settings
neighbor distance. Larger values would produce more ’[‘ii']'i}hh‘” Distance <[5 3
spatially extended clusters. The cluster alpha should be set  Cluster Alpha <[ 0ot 3|
to 0.01. Please note that, as previously mentioned, the cluster Eﬁ?.}fji;ﬁfm ﬂlﬁﬂ
alpha is not the significance level of the permutation test. [ Average over Time
Instead, it determines the threshold for which points will be I Average over Channels
part of the same cluster in each permutation. The number of

permutations should be set to 1000.
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8. Please click on Next and on the ensuing screen [ ese statistics x
un Statistics. i Wi u B The chamme rtance 1 sinesuling i an avrage f £ 09677
ress R St t t A d alo ” 0 ‘ Th hbn gs fi : ‘glh permutation test foll
. . . . . neighbors per channel. o
requesting to confirm the statistical settings. Press it
Ok to proceed Wlth the Computatlons_ Press OK to accept the settings or Cancel in order to modify.
o

9. Onthe Permutation Test Results ANOVA list the
clusters, that now also have a spatial dimension, are shown in order of smallest p-value
first. The clusters marked with stars or plus signs (the latter is not present in the
screenshot) have p-values smaller than 0.05. Note that contrary to our previous source
waveform example the interpretation of the clusters of scalp recordings might be more
challenging. Different clusters might actually be due to the same physiological effect and as
such should be interpreted together.

) BEsA Statistics 20 o b
Fle EGt View Export Hep
Perform Statistics S
saue BESA

Workflow Overview = i |
Set Project Targets v S =3

Statistical Analysis = .
Define Experimental Design v/
Load Data v
Sel Parametars v
Perform Statstics

) 10008 F-Values

v

¥l

it A (“\\"\.\ /Q Yo enamtan |

10. While browsing through the clusters we might already recognize that the signal from the
green source we analyzed earlier in section D is part of one of the star marked clusters.

Press Next to proceed to the post hoc evaluation.

11. In the post hoc workstep we can determine which pairs of conditions actually differ from
each other. Select the Run Post-Hoc Tests button to start the computations. In the
Pairwise Comparison menu choose which two conditons are to be compared. By default

we start with the first conditions 60dB vs 70dB. The Permutation Test Results for
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Selected Pairwise Test menu shows that all clusters were discarded by the post-hoc test.
Hence we conclude that the conditions 60dB and 70dB are interchangeable. Note that all
clusters that were discarded by the post-hoc test are set to p-value = 1.0.

B 6sA Statistics 20 o x
Eile Edt Vew Expont Help

Po_st-l_-w: itatistics B ESA

Workflow Overview Run Post-Hor Tests ¥4

<

Set Project Targels
Statistical Analysis

Define Experimental Design
Load Dala

Pairwize Comparison
(6048 va. 7008 il

Set Parameers Parmutation Test Results for

Selected Painiss Test

AR Y

Perform Statistics

Post-Hoe Statislics

001 [p=1.00000]
162 (p=1.00000]

Display Lot Display TopRight

Condtions =] [Stats /D 7|

Cunent Latency [ms]

Zw  <—F———23|

Set Seale

Resat | < it |

0 Select Chiamel
{ L[ aw =13

Display Seftings

Latency [ms] -200 200 400 &0 atency [ms] Preous | Finish |

12. When comparing 60dB to 100dB instead a number of clusters survive the post-hoc test.
These conditions are therefore significantly different. This goes in line with our earlier
findings with the source space data set where we find a frontal activity at high intensities to
be significantly different from that at low intensities. The cluster highlighted below as well as
the third cluster suggests the same interpretation for early latencies. The clusters 1 and 2

are active at later latency ranges.
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1B BESA Statistics 20
Eile Edt View Export Help
Post-Hoc Statistics
I dw
Workflow Overview
Set Project Targets 4
Statistical Analysis
Define Experimental Design
Load Data
Set Parameters
Perform Statistics
Post-Hoc Statistics

004 [p=6
005 [p=100000]  +
006 [p=100000]  +
007 [p=100000]
0

Display Let

5 Right
[Condtions =] [Gits /0wta =]

H Saitien
; <o 2>
- (oo <— —— 3|

S Scae

F-Values ) _Reset | <F—— )|

B A~ g« Dispiay Settings

[ / R O N Scatex 1.1

% XN = 1 <+ >|
Y X | A A Tl 2
/\_/\_"_/'»\./J‘ \./’\.J = = .Af \__f “_,_/\/\ux_.n_‘\ ﬂ ] ﬂ
2 ) B ] o : 0 200 e prodoos | Finiah

F. Analyzing the correlation between physiological response and a
covariate of interest

The data we will use for the following example were kindly provided by Peter Schneider,
University of Heidelberg, Germany. Part of the data was used in a publication by Schneider
et al. (2005) in Nature Neuroscience®.

The experiment involved measuring MEG data while playing tones (instrumental sounds) to
professional musicians. Subjects listened passively. Between 500 and 1000 stimuli were

recorded and averaged for each subject.

For each subject, a musicality index was also established using the AMMA test for musical
aptitude (Advanced Measurement of Music Audiation by E.E. Gordon, 1989). The tonal score
was used for this experiment. It can lie in a range between approx. 20 points (random
guessing) and 40 points.

16 p_ Schneider, V. Sluming, N. Roberts, M. Scherg, R. Goebel, H.J. Specht, H. G. Dosch, S. Bleeck, C. Stippich & A.
Rupp (2005). Structural and functional asymmetry of lateral Heschl’s gyrus reflects pitch perception preference.
Nature Neuroscience 8:9, 1241-1247
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We want to find out whether there is a correlation between the strength of source activation

following the musical stimulus and the musical aptitude.

1. Start BESA Statistics by I
double-clicking its icon on ) BESA

your desktop. Then start a

Start New t-Test Project ‘

new Correlation project by o e MOVA Pt |
. i Start New Correlation Project i
selecting the Start New Open Pret \

Correlation Project button.

2. Select type SWF. Press the

Select data type for which statistics
Start button. shall be performed

[ TFC

[ Image

M SWF

[~ ERP/ERF

3. Enter the Number of Subjects:
Selected Data Type

18, and names for the and Statistical Test
covariate of interest and data .7
Correlation

(AMMA tonal and Musicians).

Then press the Next button. Define Experimental Design

MNumber of Subjects 18

Factor Names

Covariate of liAMMAmnal

Interest

Data Musicians
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4. The next step is loading the
data for the covariate. Press
the Space key on the
keyboard or the button Load
Data for AMMA tonal. Then
browse to the file
AMMA _MusAlphabetical.txt
in the folder AMMA MEG that
should be on your desktop.

Open the file.

5. Now load the MEG data.
Press the second button or
the Space key on the
keyboard. Browse to the
folder Mus SWFEF300 and
select all files in the dialog

box. Then press Open.

Check that the files are sorted
alphabetically (the AMMA
scores were given in
alphabetical order). If not,
click into a row to re-sort
using the arrows that appear.
Once finished, press the
button Accept Data Order.
Then press Next.
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7. The plot shows the
approximate position of the
dipoles. Press the button Run
Preliminary Correlation. The
widgets below the head
symbols show the zones
where an initial correlation
was found for source SD-1 in

the right auditory cortex.

8. Select the source SD-2 and
change the display of the right
widget to show r-Values and
the Mask. The oscillations of r
values in the baseline and
early post-stimulus and a
more steady behavior at later
latencies are apparent. Note
that for SD-1, there is some
significant correlation in the

baseline, too.

9. Change the cluster alphato
0.01. Leave the number of
permutations and the time
interval unchanged. Press
Next, then Run Statistics.
Press OK when the dialog
box appears.
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The settings for running the permutation test are as follows:
The cluster alpha used for cluster building 1s 0.01.
The number of permutations is 1000.

Press OK to accept the settings or Cancel in order to modify.

oK

Cancel
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10. The Correlation test finds one

Eie Edt yiew Export Hep
Perform Statistics
' H e

significant cluster in SD-1,

Workllaw Orrviow
Set Project Targats v

and three trends. (Note that s

St Paramators v
Periom Statistics

<

the trends have p-values <
0.05, but are not deemed
significant since we can have
positive or negative
correlation, i.e. we are running 0

a two-sided test).

1'BESA

Pun St oies v

Formuatin st Results

The right-hemispheric cluster
starts just after 50ms post-
stimulus, and extends to
about 85 ms. It ends well
before the N100 response

takes place.

11. Select cluster 2. This cluster

P —
is in the left hemisphere, and e

is in a similar interval between | T2

Sel Paramelers v
Pertorm Statistes

approximately 60 and 80 ms.

12. The other trends also appear

in early processing intervals.

13. Press Finish and save the

project.

003 [0 04300]
201 [p=0 pa00]
5 -0 096001

i‘ ‘Sat Scade Datal Window

R | €—— — 3]

E| e

This experiment shows that for professional musicians, there is a (positive) correlation

between the auditory response and the musical aptitude, which manifests itself in the early

auditory processing stages between 50 and 90 ms after a tonal stimulus. There is no
significant correlation at later stages of the processing (N100, N150).

BESA Research 6.1 Tutorial
Copyright © 2017
BESA GmbH, Freihamer Str. 18, 82166 Graefelfing, Germany

Page 315 of 318

www.besa.de



BESA®

Tutorial 10 — Cross-Subject Statistics

Now let us see if we can get similar results for non-musicians. We will follow the same steps.

14. Start a new Correlation project by
selecting the Start Correlation
Project button. Then select SWF as
data type. Press Start. In the step
Set Project Targets, set Number
of Subjects to 15, and name the
factors as AMMA tonal and Non-

musicians. Press Next.

15. Load the data. The covariate is

in the text file

The SWF data are in folder

. Select all files
and open. Then accept the data
order and press Next. On the Set
Parameters workstep, press the
button Run Preliminary
Correlation. The initial

significance plot appears.
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16. Switch to r-Values for the right
widget and activate the mask.
Toggle between the two sources.
We can see that there is some
preliminary correlation around
the P50 latency similar to the
previous example, and also
around the stimulus latency.

17. Let us proceed as before. Set

the cluster alpha value to 0.01.

Then press Next and Run

Statistics on the next screen.

Accept the settings in the dialog.

A message box appears to
inform that no clusters emerged.
The result is a question mark
beside the Run Statistics
button, and a notification at the
bottom that the calculation failed.

18. The reason for this is the
problem that not a single cluster
could be built with the stronger

condition of a 0.01 alpha value.

Press the Previous button to go
back to the workstep Set
Parameters. Increase the alpha
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F i) The current settings yielded zero clusters!
Permutation testing could not be performed!

OK

FRun Statistics

For more information about this Workstep see the Perform Statistics section in the description of the BESA Statistics Workflow.

sy The settings for running the permutation test are as follows:

The cluster alpha used for cluster building is 0.05.
The number of permutations is 1000.

Press OK to accept the settings or Cancel in order to modify.

OK | Cancel |
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value back to the original of 0.05.
Then advance and re-run the
Statistics.

19. With this setting, clusters are
found. However, none of them is
significant or shows even a

trend.

0
Eio £t Mew Expod Hop
Perform Statistics

" BESA

Woekfiow Crvessiow

We can conclude that contrary to professional musicians, for non-musicians, there is no
significant correlation between the tonal musical aptitude and the amplitude of the auditory
response to musical tones in the primary auditory cortex.
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