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Part 1: Introduction



What Is neuroimaging ?
99% of the time
(example)

-Measure BOLD signals in two groups of subjects

-At each voxel In the brain, compare the BOLD
signals by computing a t-test (millions of t-tests, one
for each voxel)

-Set an appropriate threshold (correct for multiple
tests), and report significant voxels (hot -spots or
cold-spots)



Example: comparing Schizophrenic patients
with normal control subjects

¢+ Human Brain Mapping 25:60-69(2005)

Beyond Hypofrontality: A Quantitative
Meta-Analysis of Functional Neuroimaging
Studies of Working Memory in Schizophrenia

David C. Glahn,"?" J. Daniel Ragland,? Adir Abramoff,* Jennifer Barrett,’
Angela R. Laird,” Carrie E. Bearden,” and Dawn I. Velligan'




Figure 2.

Volume rendering of between-group contrasts where relat u

increased activity for healthy subjects is presented in red-yellow
(DLPFC; BA9) and relative increased activity for patients with
schizophrenia is shown in purple-pink (anterior cingulate; BA32).
Although patients with schizophrenia engaged the DLPFC less than
comparison subjects, they overactivated a portion of the anterior
cingulate. Evidence of reduced DLPFC activation and increased
activity in the anterior cingulate may be consistent with the notion
that schizophrenia disrupts or reverses the normal functional

>chizophrenic patients
)ntrol subjects

¢+ Human Brain Mapping 25:60-69(2005)

ity: A Quantitative
tional Neuroimaging
nory in Schizophrenia

Hypometabolism In

'schizophrenia: is it

localized only here???

connectivity of prefrontal and limbic structures.




There Is nothing wrong with classical
neuroimaging

However, it gives very limited
Information

Canbehavioral disorders, therapy
effects, or cognition be assigned to

some few hot-spots in the brain ?

NO



Alternative approach: from hot -spots to
distributions (networks)

Different parts of the brain work in a certain
relationship to each other

Break the relations , and you have an
emergent behavioral disorder
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U Wakeful rest

U Mind -wandering

U Spontaneous thoughts

U Daydreaming

U Retrieving memories

U Stimulus independent thoughts

U Absence of goal-directed neuronal action and external input

U REST = Random Episodic Spontaneous Thoughts

U EEG: resting, eyes closed, awake
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Resting brain _ Inactive brain

NEUROSCIENCE

The Brain’s Dark Energy

Marcus E. Raichle
SCIENCE VOL314 24 NOVEMBER 2006

it 1s estimated that 60 to 80% of the
energy budget of the brain supports communi-
cation among neurons and their supporting
cells (2). The additional energy burden associ-
ated with momentary demands of the environ-
ment may be as little as 0.5 to 1.0% of'the total
energy budget (2).




The resting state Is important

tisthe AUT Al EA OOAOOOAOA 1
momentary state of the brain, and determines

the fate of iIncoming Information



Resting state, first observations: EEG, Hans Berger, 1929
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Resting state, first observations: EEG, Hans Berger, 1929
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Resting state, first observations: EEG, Hans Berger, 1929
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New definition (less than 10 years old), old ideas

&EOOO AAIT OO0 1T AOxi OEd OAAEAOI (
| ATU OOAOOEI C OOAOA 1T AOxI OEOO
Default mode network (DMN): a set of brain regions that are

jointly active during rest, and that jointly deactivate in any
task.



Default mode network example

BRAIN CONNECTIVITY
Volume 1, Number 1, 2011

© Mary Ann Liebert, Inc.

DOI: 10.1089/brain.2011.0019

The Restless Brain

Marcus E. Raichle

REVIEW ARTICLES




De

BRAI
Volun
© M3
DOl

R 2R 4R A8 4R 4% AR AR AY

% BOLD Fluctuations

-d
(&)

—
(&)

~1 minute/row ———»

HAH I 1 1 1
R A8 Aa 42 A8 A% A 2272 AR 2R AR 2R A% AR AR A% KX AR AR AR 2R 2% A% 2X
R 28 4x 28 2R X8 X2 27 AL AL L AT ATAR 28 28 24X A2 4R 22 A% 28 A2 A%
HH

LES




TEAO AOA OOAOOEI C OOAOA 1T AOxI

A network Is composed of a group of brain regions, with i
OAl OOAI AOCAAG OEI A OAOUEIT ¢ AAOE
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Different networks work independently of each other.
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Default mode network example

[Posterior cingulate/precuneus - 0, -52, 27~
Medial prefrontal -1, 54, 27
R%éh‘ﬁt o paneta! 1‘3' ﬁ gg
Left inferior temporal - 81,24 -9 | Default Mode
Right inferior temporal 58, -24, -9 Network
Medial dorsal thalamus 0,-12, 9
Right posterior cerebellum -25, -81, -33
Left posterior cerebellum- 25, -81, -33-
Left frontal eye field" -29, -9, 54
RO ot postaror 169 26, 66, 48
Right posterior IPS | 26, -66, 48 | Dorsal Attention
anterior IPS -44, -39, 45 Network
Right anterior IPS 41, -39, 45
Left MT -50, -66, -6
Right MT- 53,63, -6-
Or et EEe S
Right anterior PFG - a4 45 0| Executive Control
Left superior parietal -50, -51, 45 Network
Right supenor parietal 50, -51, 45.
Dorsal anterior cingulate - 0, 21, 361
Left anterior PFC -35, 45, 30
Right anee PFS -3? 42' 32 Sali N rk
nsula |- v 8k
Right insula 41, 3, 6 G Pt
Left lateral parietal -62, -45, 30
Right lateral parietal 62,45 30
Roghtmotor oortex - 38 -26, 48 | Sensorimotor
SMA 0,-21, 48J  System

T8 2} Visual System
-62, -30,
59, -27, 15]‘ Auditory System




Resting state networks

Most of the recent literature, based on fMRI experiments, use
many different methods of analysis such as ICA (independent
components analysis), correlation analysis, clustering
techniques, all with converging results
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The resting state Is important

) O EO OEA AUl Al EA OOAO
momentary state of the brain, and determines
the fate of iIncoming information

During rest, the brain goes through all
working modes: sensory, attention , executive
AT T OOT I h |A|QOAQAh 8 A

E.g.: Attention deficit = abnormal attention
network, decreased time, weak

ET OAOAT T 1T AAOET T Oh 8
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Intracranial electric

neuronal activity
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In words, the procedure for the discovery of brain
networks (intuitive, exploratory method):

1.

2.

Stick needles into the brain, cover the whole cortex (non -
Invasively, virtual electrodes, LORETA).

Take each distinct pair of intracranial electrodes, and

Al i DOOA OEA OOEIEI AOEOUS AAO
If two signals are very similar, i.e. highly correlated z
coherent z synchronized, then assign them into the same
network.

If two signals are very dissimilar, make sure they belong to
different network.

Scan all distinct pairs of intracranial signals.



Exploratory analysis using this intuitive method is

not feasible

6239 cortical grey matter voxels
6239*6238/2 =pwbtuvwotTtp DIT OO

For each EEG frequency band of interest, e.g.:
Delta: 1.5-6 Hz

Theta: 6.5-8.0 Hz

Alphal: 8.5-10 Hz

Alpha2: 10.5-12.0 Hz

Betal: 12.5-18.0 Hz

Beta2: 18.5-21.0 Hz

Beta3: 21.5-30.0 Hz

At least 40 seconds of EEG



ICA (independent components analysis)



Published in final edited form as:
Neuroimage. 2009 March ; 45(1 Suppl): S163—S172. do1:10.1016/j.neuroimage.2008.10.057.

A review of group ICA for fMRI data and ICA for joint inference of

Imaging, genetic, and ERP data X — Ai

Vince D. Calhoun@:P:", Jingyu Liu@.P, and Tiilay Adah®
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ICA (independent components analysis)

If brain activity is organized and structured in such a way that
there are several different groupings (networks) of regions,

where within a group (network) all activity is correlated, but
between groups (networks) there is mdependence then ICA

OEI O A POl AOAA OPAOEAI OATI DBII

networks.



ICA (independent components analysis)

If brain activity is organized and structured in such a way that
there are several different groupings (networks) of regions,

where within a group (network) all activity is correlated, but
between groups (networks) there is mdependence then ICA

OEI O A POl AOAA OPAOEAI OATI DBII

networks. L B

blue2 blue

red @ red




Part 2: Tutorial on using software

Run / open the main LORETA program

Open the Utilities module

Make electrode coordinates (skip if already made)
Compute transformation _matrix (skip if already made
Create frequency bands file

Compute cross-spectra (skip if already made
Compute sLORETASs(skip if already made

Compute Brain Networks
Statistical Analysis of Resting State Networks



Run / open the LORETA software

SLORETA
2008:11-04

Utilities
Viewer
Statistics
Help
Tutorial

\ Connectivity viewer
K Connectivity tutorial

Check for new version

Restore program

Exit
» [T 2

2012-01-12 J



Open the Utilities

LORETA

Utilities | Explorer | Statistics =~ Connectivity v Setup v Tutorial v sueomns O ko™ Eyit | ‘

v Resolution Brain

L e

omagnetic Tomography
(LORETA)

Functional
localization




Make electrode coordinates for EEG data (skip next slides if already made!)

LJ utilities = | B e

Adjust for screensize « | Help | DragDropUtl | WindowsExplorer

~ EElectrode names to coordinates - | Electrode names to coordinates
- Registering real electrodes

wErhmisE T Electrode names to coordinates

- Electrode coordinates to transformation matrix File with electrode names
- EEG/ERPs to sSLORETA | Clear names ‘
- EEGs to cross spectrum

- Cross spectra to sSLORETA
P Output file with electrode coordinates
- Averager

- Merge files | Change output file name ‘
- EEG to epochs

- Scaling and Baseline
- Filtering Time [Electrodes

View output file with electrodes

m

- Format converter

- ROI maker 1 co
- ROI maker 2

- ROI maker 3

- sLORETA to ROIs

- Connectivity 1

- Time-varying ross-spectra

P tirne-.'uarying TTEFTEEEI Alternatively, you can open the "Electrode Maker™ program, using as
- Time-varying cross-specira to sSLORETA templates the 10/20, 10/10, or 10/5 % systems. Click this panel to
- Connectivity2 execute the program. When you're finished, you can dose it

- Microstate segmentation
- ICA for EEG/ERP

-+ BRL sLORETA norms

- Global connectivity

- Scores for fICA

- Regression z-scores

- Comjunction

- Hilbert transform 1

- Microstates (BatchMode)
- Single trial covariance

... HilhTr cinala trial rovariance

-

Make Talairach electrode coordinates from a list of electrode names




Make electrode coordinates for EEG data (skip next slides if already made!)
DragAandAdr“op the text file with electrode names (List19e.txt), from the desktop folder witl
0KS SEI YLX S 9 9 The fitel(List19e.sxyis dre@tgd. a D2 £ ©

LJ utilities = | B e

Adjust for screensize « | Help | DragDropUtl | WindowsExplorer

~ EElectrode names to coordinates - | Electrode names to coordinates
- Registering real electrodes
d d ) Electrode names to coordinates
- Electrodes viewer
- Electrode coordinates to transformation matrix File with electrode names
- EEG/ERPs to sSLORETA | Clear names ‘
- EEGs to cross spectrum k
- Cross spectra to SLORETA K
spe Output file with Electro:ﬂ; coordinates
- Averager »
- Merge files | . Change output file name ‘
*
- EEG to epochs .
- 5caling and Baseline i
Wiew t file with electr
- Filtering Time [Electrodes 3 e output file witn ele Ed’fs
- Format converter &
”: ¥
ROL maker 1 ( IF Drag/Drap files/folders to PPRETA =55
- ROI maker 2 I 4 AR
- ROT maker 3 @le ] EEGdata(Peter.. O |
- sLORETA to ROIs ' = -
- Connectivity 1 Organize « MNew folder o == = @]
. *
L TR R | 01-VigCtrlEEG % “ Name } Type Si
- Wiew time-varying cross-spectrum Al . o °
_ t | 02-VigCtrlEEG . .
- Time-varying cross-spectra to sSLORETA te o3CoeeL . | RestEEG_OId : File folder
- 1 -lrsslor
C?"'HE'-'W'W- _ oalcA “‘ | RestEEG_Young 2011-12-17 11:49 File folder
Pl TR ElE SRRl : ’ | VigCrIEEG_OlId 2011-12-1711:49  File folder
lsite L %, |l VigCrIEEG. V. 011-12-17 11:4 File fold
JER 2011-12-17 11-49 )
- BRL SLORETA norms | 06-Tfica s, % VigCHritkG Young e e
i *. | Infoixt 2006-07-08 01:21 Text Document
Global connectivity b Projections =1 ) -
- fICA L . ® Listl9etet 200 -04 05:14 Text Document
. test b~
- Scores for fICA = _ 7] RoisHarrison sz 2008-11-0421:37  SXYZFile
- Regression z-scores s 07-NetworksTuteral
- Conjunction =4 BD-RE Drive (Dt)
- Hilbert transform 1 == Removable Disk (E:)
- Microstates (BatchMode) == Removable Disk (G:) ~ [T m P
- Single trial covariance
- HilhTr ginala trial coosarianee File name: 15-cumd-freqw-zScoresHyperndpndntFICs-011.slor -
Make Talairach electrode coordinates from a list of electrode names
Open |vl l Cancel




Make the transformation matrix (skip next slides if already made!)

Drag and drop the fil€List19e.sxyzvith electrode coordinates, from the desktop folder witf

G§KS SEI YLX S 9 9 The fitdiStLo®spinv) is datedd D 2 € @

g es

Adlust for screensize v | Help | DragDropUti | WindowsExplorer |

-¥lectrode names to coordinates

istering real electrodes
odes viewer
rode coordi

tot

--EEG/ERPs to SLORETA
- EEGSs to cross spectrum
- Cross spectra to SLORETA
- Averager

--Merge files

--EEG to epochs

- Scaling and Baseline

- Filtering Time /Electrodes
- Format converter

- ROI maker 1

- ROI maker 2

- ROI maker 3

- SLORETA to ROIs

- Connectivity 1

- Time-varying cross-spectra

- View time-varying cross-spectrum

- Time-varying cross-spectra to sLORETA
-~ Connectivity2

- Microstate segmentation

- ICA for EEG/ERP

-~ BRL sSLORETA norms

- Global connectivity

- fICA

- Scores for fICA

-~ Regression z-scores

- Conjunction

- Hilbert transform 1

- Microstates (BatchMode)

... Qimnala #rizl FAvarianca

< | n

- II Electrode coordinates to transformation matrix

File with electrode coordinates

-~ Electrode coordinates to transformation matrix

Output file with transformation matrix

IC: \Users\roberto\Desktop \sLORETA-ExampleDataSets\ExampleEEGdata(PeterAnderer) \List 19e.sxyz

Clear names

IC: \Users\roberto\Desktop\sLORETA-ExampleD.

\ExampleEEGdata(PeterAnderer) \List19e.spinv Change output file name I

. Choose regularization method
(s None

m

IF Drag/Drop files/folders to LORETA

e

TE ST 2

. » sLORETA-ExampleDataSets » ExamplegFEGdata(PeterAnderer) »
Il e sl e S

(~ Specify SNR (SignalPower .
Organize v New folder -
" Specify relative regulariza - —
| |, LORETA workshop - NEme
., Matlab .
AR = RestEEG_Old
1 g M:;ne - = RestEEG_Young
K cro
== N = VigCtrlEEG_Old
) "
2 S = VigCtrlEEG_Young
.. SharePod_3.98 :
. ; | a Info.bxt
| Xilisoft Audio Converter Pro v6.1.3.1026 ? i1
istl9e.sxyz
(13 SharePod_3.98.zip = e
| List19e.

.. Paint stuff
|, sLORETA-ExampleDataSets
| ExampleEEGdata(PeterAnderer)

|| RoisHarrison.sxyz

Date modified

2012-01-06 07:54
2011-12-1711:49
2011-12-1711:49
2011-12-17 11:49
2006-07-08 01:21
2012-01-12 11:59
2006-03-04 05:14
2008-11-04 21:37

= v b0 @

Type

File folder
File folder
File folder
File folder
Text Document
SXYZ File
Text Document
SXYZ File

', RestEEG_Old - < T

File name: List19e.sxyz

(o=

Cancel

M

Siff




Create a text file in the notepad with the following text:  — )

7bands.txt - Notepad

7 File Edit Format View Help
Lse 13 o
oo oo 0.1,

. 12.5 18
D e _
18.5 21 )
21.5 30
CKA&d Aad | a! &SN RSTAYSR FNBIljdzSyoe ol y
AYUSNBaldoe LY UKAA Ol asSsz aSgSy 610 oty
GSYRé FTNBIljdzSyOesx aSLI NIXY¥aGSR o6& aLl OSo

full band (1.5 30). Save this text file with name:

7bands.txt
Save to the EEG folder!

'9- m< m<
A Q¢

ry . N



Compute the crosspectra for vigilance controlled EEG, for old and young subjects. (skip r
af ARS&a AT If NBFR& YIRSHUOU b23S SOSNE RSO
02E GCAtS 6A0GK dzaSNJ RSTFAYSR ol yR&E

DEE' S BN o 4 of 2l

Adjust for screen size v | Help \ DragDropUtil \ WindowsExplorer \

- Electrode names to coordinates - I EEGs to cross spectrum
fll - Registering real electrodes i

Electrodes viewer Fiioiobatin niaictinn
--Electrode coordinates to transformation matrix | EEG folders/files ~ | Folder/File mode
J EEG/ERPs to SLORETA - & Each folder to 1 CRS
- EEGs to cross spectrum
- Cross spectra to sLORETA L
- Averager (" Each file to 1CRS
fil Merge files (" Each BIG file to 1CRS
- EEG to epochs

: " (" Each BIG file to many CRS
||| Scaling and Baseline S

' - Filtering Time /Electrodes

m

- Format converter
' --ROI maker 1 ~ | File mask Number of lines
--ROI maker 2 . .asc 0
I R | < » | o I
--ROI maker 3
| Number of elgftrodes ~ Mumber of time frgfles per epoch | Sampling rate ffiz)
SLORETA to ROIs | / 20/ per ep: pling = Gear al items l
- Connectivity 1 l19 l51 2 |102.4
- Time-varying cross-spectra | |
--View time-varying cross-spectrum L -
i b L  Force average reference I Drag/Drop files/folders to LORETA -'F
Cf)nnectnv:tyZ . . Frequencies 7 e
- Microstate segmentation { ;U ~ ‘ . » sLORETA-ExampleDataSets » ExampleEEGdata(PeterAnderer) »
- ICA for EEG/ERP " 8,6.01,02,61.62,83.Q =
--BRL SLORETA norms " 3.6.0.51.82.83.2 Organize ¥ New folder
- Global connectivity D . -
e Discrete frequency range File with user defined bands LORETA workshop - NaFiie
. Scores for fICA " all discrete frequencies IC: \Usershroberto\DesktgphsLOB Matlab
i X Rl = RestEEG_Old
--Regression z-scores + User defined bands & IRRETN Movie stuff = 5
- Conjunction : \ waas i .. RestEEG_Young
- Hilbert transform 1 W S | VigCtrlEEG_OId
--Microstates (BatchMode) Go I .. Music stuff e, : 7
.... Ginala trisl Favarisnca = "tag, . .. VigCtrlEEG_Young
< n , .. SharePod_3.98 "rag,
- — — o ) | 7bands.txt
| . Xilisoft Audio Converter Pro v6.1.3.1026
i . Infoixt
3 SharePod_3.98.zip ; :
: | Listl9e.spinv
Paint stuff - .
3 || List19e.sxyz
.. sLORETA-ExampleDataSets 3 3
| Listl9e.txt

. ExampleEEGdata(PeterAnderer)
. RestEEG_Old - <

|| List19e-EI2SlorTM-Runinfo.bd

File name: 7bands.txt




Compute the crosspectra for vigilance controlled EEG, for old and young subjects. (skip r
slides if already made!) Note every detail marked with arrows. Finally, drag/drop the 20

folders for old and 20 folders for young, vigilance controlled EEG. Note that there must be
G20Ftf 2F nn tAySa 00ftdz2S NNRPgOZI AYRAOL G

-
IF Drag/Drop files/folders to LORET,

@Ov .« ExampleEEGdata(PeterAnderer) » VigCtrlEEG Young »
== et

s

Organize v Mew folder = ~ [ EEGs to cross spectrum
. Books i Name . Date modified Type | FE TSR
i . Books&Graphs&Webcam = ; EEG folders/files Folder /File mode
| | Japanese IEEGHIRY EIR A RATEY filefokley ktopsLORETA-ExampleDatasets \ExampleEEGdata(Peter Anderer) WinCtrEEG_Young WEEGL1_Y % Each folder to 1 CRS
. VEEGD2_Y 2011-12-17 11:49 File folder ktopsLORETA-ExampleDatasets\ExampleEEGdata(PeterAnderer) WigCrEEG_Young\WEEG12_Y Al
. LORETA workshep - " § ktop'sLORETA-ExampleDataSets \ExampleEEGdata(PeterAnderer) WigCtrlEEG_Young\WEEG 13_Y s to 1CRS
T . VEEGD3_Y 2011-12-1711:43 File folder ktopsLORETA-ExampleDataSets \ExampleEEGdata(PeterAnderer] WinCtrIEEG_Young WEEG 14_Y ~ Each fle to 1 CRS
i Matial VEEGDA ¥ 2011-12-17 11:49 File folder ktopsLORETA-ExampleDataSets\ExampleEEGdata(Peter Anderer) WigCrEEG _Young \WEEG 15_Y
1 | Movie stuff = = - ktoplsL ORETA-ExampleDataSets\ExampleEEGdata(Peter Anderer) WigCtrIEEG_Young\VEEG 16_Y " Each EIG file to 1CRS
. VEEGOS5_Y 2011-12-17 11:49 File folder ktop'sLORETA-ExampleDatasets \ExampleEEGdata(PeterAnderer) \WigCrIEEG_Young\WEEG17_Y {~ Each BIG fie to many CRS
. MRIcro VEEGUS V¥ 20111217 1149 File folder ktop\sLORET! mpleDataSets\ExampleEEGdata({PeterAnderer) \VigCtrlEEG_Young\WEEG 18_Y
Music stuff . - s 11 Tolder Igop wL@OREPAGREmpleDatasets\ExampleEEGdata(PeterAnderer) WigCrEEG_Young WEEG19_Y |
. . VEEGOT ¥ 2011-12-17 11:49 F”EfCI'iEE guunnst® " ktop\sLORETA-ExampleDataSets\ExampleEEGdata({Peter Anderer) \VigCtrlEEG_Young\WEEG20_Y |~
SharePod_3.98 - L e )
Yilisoft A_d c Prov6.1.31026 . VEEGDB_Y -2}]@4}3?!!49 o -Fi\r: folder File mask Number of lines
J Xilisoft Audio Converter Pro v6.1.3. L o T +
T Shrepot 358 VEEGOY __ gammsttt "% 201112171149 File folder [*.asc %0
arePod_3.98.zip = - -
. VEEGI0_Y 2011-12-1711:49 File folder Number of electrades Number of time frames per epach Sampling rate [Hz]
) G VEEGIL ¥ 2011-12-171149  Filefolder Clear all tems
| sLORETA-ExampleDataSets ' = — : 1 12 1024
VEEG12_Y 2011-12-17 11:49 File folder
. ExampleEEGdata(PeterAnderer) = -
. VEEG13Y 2011-12-17 11:49 File folder |# Force average reference
. RestEEG_Old -
. VEEG14_Y 2011-12-17 11:49 File folder
. RestEEG_Young - Frequencies
. . VEEG15Y 2011-12-17 11:49 File folder
| VigCtrlEEG_Old - - " 58,01,02 B1,B2,p3.00
: . VEEG16_Y 2011-12-17 11:49 File folder
. VigCtrlEEG_Young - - " 56.0,p1.62.53.0
T T e . VEEG17 Y 2011-12-17 11:49 File folder p——
. Examplel ata(Michaelaksslen = iscrete frequency range i
Litiliti ’ i RAEEGIS 2127149 File folder . ; s FI‘:‘E\UMH" u\serthﬁ:‘;d b:nd: LORETAE leDataSetshE leEE Gdata[Petertnderer])t 7band:
tilities All discrete b AU sershrobertohD esktopsl ~E xamplel)ataSetshE xamplel ata[Petertnderer]\ 7hands. bt
Vo e ds | VEEG19Y 201112171149 File folder B EGNEEES P P P
J VirtuaWin_portable_4. o i
e - | VEEG20_Y 2011-12-17 11:49 File folder O W el et
I - 4 1 +
File npame: Thands.bd v
I [ Open |vl [ Cancel ]




Compute sLORETA from crag®ctra (skip next slides if already made!)
First drag and drop the transformation matrix (List19e.spinv) as indicated

‘ Adjust for screen size ‘ Help ‘ DragDropUtil ‘ WindowsExplorer ]
--Electrode names to coordinates -~ " Cross spectra to SLORETA
- Registering real electrodes Bl = T
- Electrodes viewer sread
- Electrode coordinates to transformation matrix ~ Cross spectrum files
- EEG/ERPs to sSLORETA
o e B For St RestEEG_Old 2012-01-0607:54  Filefold
- Cross spectra to SLORETA § he 2 AL 2 leralaey
|, sLORETA-ExampleDataSets
: P |, RestEEG_Young 2011-12-1711:49  File folder

e ExampleEEGdata(PeterAnderer)
3y amplel atal ErAnderer,

-~ Merge files - 2 || VigCtrlEEG_OId 2012-01-1212:37  File folder
P boaie I REEr oM VigCtrlEEG_Y. 2012-01-121237  File fold
Scahng and Basehne ReStEEG Youn 9 Ig Tl o oung T = =} e foliaer
- Filtering Time /Electrodes = 3 7 ) | 7Tbands.bt 2011-05-13 15:56 Text Document
- Format converter 1. VigCtrlEEG_Old ; : s
e =i Info.txt 2006-07-08 01:21 ext Document

Aol maz’ - i o = Listl9.spinv 201201121206 SPINV File
~~ROI maker 2 | ExampleERPdata(MichaelaEsslen) o T —— .
T e i + Listl9e.syz 2012-01-1211:59  SXYZFile

] nities n

- SLORETA to ROIs : u_ | Listl9e.txt 2006-03-04 05:14 Text Document

»-‘-Connechv!ty 1 ., | List19e-EI2SlorTM-Runlinfo.bd 2012-01-1212:05 Text Document ¥
- Time-varying cross-spectra ||l m | 4

- View time-varying cross-spectrum
.- Time-varying cross-spectra to SLORETA File name: List19e.spinv
- Connectivity2

- Microstate segmentation
- ICA for EEG/ERP

- BRL sLORETA norms

- Global connectivity

. fICA File with transformation matrix \:1
- Scores for fICA [c:\Usersioberto\Desktop\sLORETA-Examplet \ExampleEEGdata(PeterAnderer) List19e.spinv ¥
- Regression z-scores
- Conjunction

- Hilbert transform 1 £ I
- Microstates (BatchMode)

... Ginnla #rial Favarianca

n »

F Drag/Drop files/folders to LORETA

@Ovl IWlC:\Users\roberto\Desktop\sL ORETA-ExampleDataSets\ExampleEEGdata(PeterAnderer)|
5 o —

Organize v New folder 4=z

@ SharePod_3.98.zip = Name Date modified Type P

m

m

1. VirtuaWin_portable_ 4.3

Ll

L]

L]

L]
.: [ Open lvq [ Cancel
L]




Compute sLORETA from crag®ctra (skip next slides if already made!)
Finally, drag and drop the foldevdgCtrlIEEG_OmhdVigCtrilEEG_ Youmg indicated. These
folders contain the crosd LISOGNF @ b2GS (KS G BddEDS NI 2F /

Adijust for sceensize v | Help | DragDropUtil | WindowsExplorer

- Electrode names to coordinates \z, I Cross spectra to SLORETA
--Registering real electrodes e = o -
- Electrodes viewer oSS Sccia
--Electrode coordinates to transformation matrix - Cross spectrum files 0
- EEG/ERPs to sSLORETA =rto\Desktop\sLORETA-ExampleDataSets\ExampleEEGdata(PeterAnderer) \VigCtrlEEG_OId\VEEG19_O.crss | #|| [ Indude subfolders 4
- EEGSs to cross spectrum =rto\Desktop\sLORETA-ExampleDataSets\ExampleEEGdata(PeterAnderer) \VigCtrlEEG_OId\VEEG20_O.crss =
- Cross spectra to SLORETA =rto\Desktop\sLORETA-ExampleDataSets \gxampleEEGdata(PeterAnderer) \VigCtrIEEG_Young\VEEGO1_Y.crss File mask
i =rto\Desktop\sLORETA-ExampleDataSets mpleEEGdata(PeterAnderer)\VigCtrlEEG_Young\VEEG02_Y.crss g
aa =rto\Desktop\sLORETA-Examplel Sets\Exa:aneEEGdata(PeterAnderer)\VigCtrIEEG_Young\VEEGOS_Y.crss 088
- Merge files =rto\Desktop\sLORETA-Example hSets\ExangeEEGdata(PeterAnderer)\\ﬁgCh'IEEG_Young\VEEGM_Y.ass Nomber oF
- EEG to epochs =rto\Desktop\sLORETA-ExampleData®pts\ExamBleEEGdata(PeterAnderer) \VigCtrlEEG_Young\VEEGO5_Y.crss 2
--Scaling and Baseline =rto\Desktop\sLORETA-ExampleDataSets \ExampBEEGdata(PeterAnderer) \VigCtrIEEG_Young\VEEGO6_Y.crss 40
- Filtering Time/Electrodes = E:E‘\I:)es!(bop}sLOREl'A-Examp!eDataSets‘Examp! Gd.ata(PeterAnqererz.\VigCtrIEG_Young_\VEEGO7_I.crss
- Format converter Z oy . S— — - "
ar Drag/Drop files/folders to LORBJA s - i )
--ROI maker 1 ar F i — ‘I‘.‘" Lpe—— . — W ‘
~~ROI maker 2 ! Q (@)= IDC:\Use =\ oberto\Desi top\sLORETA-ExampleDatasets\BxampleEEGdata(Peteranderer) g Red | s et A i e s
-ROI maker 3 -: SO - : =
2 * AJ
""SLORED? tn G ar Organize ¥ New folder % =~ [l ®
- Connectivity 1 ar P
8| i-Time-varying cross-spectra ar . Music stuff ’o‘ 6 Name Date modified Type &
- View time-varying cross-spectrum ar Sh * 0%
; ar .. SharePod_3.98 o .
- Time-varying cross-spectra to sLORETA [ " ) *s s . RestEEG_Old 2012-01-06 07:54 File folder
- Connectivity2 - ! .. Xilisoft Audio Converter Pro v6.1.3.1026 ¢, °*, :
; . =rig i s s . RestEEG_Young 2011-12-1711:49 File folder
--Microstate segmentation iE) SharePod_3.98.zip o iE =7 w o 5
- ICA for EEG/ERP - L Paint stuff o VigCtrlEEG_Old 2012-01-1212:37 File folder |
--BRL sLORETA norms L ’ T m———— . VigCtrlEEG_Young 2012-01-1212:3 File folder 3
a2 sl -ExampleDataSets
 Global connectivity - . || 7bands.bxt 2011-05-13 15:56 Text Document
- fICA File 1 |% . ExampleEEGdata(PeterAnderer) Inf 2006-07-08 01: Te
- Scores for fICA | ) BaitEG O8 || Info.bt 2006-07-08 01:21 ext Document
--Regression z-scores : R EEG_Y |_| Listl9e.spinv 2012-01-1212:06 SPINV File
RS .. RestEEG_Youn = = : ¥
--"CT;JU"mnfo S e 0|: _ 7] List19e.sxyz 2012-01-12 11:59 SXYZ File
- Hilbert transform 1 . VigCtrlEEG_ .
! = | Listl%e.txt 2006-03-04 05:14 Text Document
- Microstates (BatchMode) 3 1. VigCtrlEEG_Young g :
... Ginnla trial ~rvarianca Red | | i | | List19e-EI2SlorTM-Runlnfo.bd 2012-01-1212:05 Text Document Y
m | » .. ExampleERPdata(Michaelaksslen) .|| E4m 0 | »
Compute sLORETA from cross-spectra .
e S File name: \VigCtrlEEG_OId -
[ Open Iv] [ Cancel




Computing brain networks



Computing brain networks

Resting state networks in EEG are computed in a very similar way to fMRI, using
independent components analysis (ICA). An excellent review paper on fMRI -ICA
IS: Calhoun VD. Liu J.Adali T. Neuroimage . A review of group ICA for fMRI data and ICA for joint inference

of imaging. genetic, and ERP data. 2009 Mar:45(1 Suppl):S163-72.

The papers describing LORETA-ICA are:

Pascual-Marqui RD and Biscay-Lirio RJ. Interaction patterns of brain activity across space,
time and frequency. Part I: methods . arXiv:1103.2852v2 [stat.ME], 2011 -March-15,
http :// arxiv.org/abs/1103.2852

RD. Pascual-Marqgui. K Kochi, D Lehmann,. M Koukkou ., T Kinoshita. Functional _independent
components: revealing cortico -cortical. cross-frequency interactions. Japanese Journal of Pharmaco-
EEG 2011, Vol 12 : 53-58



23-GroupIcaReview1.pdf
23-GroupIcaReview1.pdf
23-GroupIcaReview1.pdf
23-GroupIcaReview1.pdf
23-GroupIcaReview1.pdf
23-GroupIcaReview1.pdf
23-GroupIcaReview1.pdf
23-GroupIcaReview1.pdf
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02-fICA-HyperConnectivity.pdf
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02-fICA-HyperConnectivity.pdf
02-fICA-HyperConnectivity.pdf
02-fICA-HyperConnectivity.pdf
02-fICA-HyperConnectivity.pdf
02-fICA-HyperConnectivity.pdf
02-fICA-HyperConnectivity.pdf
02-fICA-HyperConnectivity.pdf
02-fICA-HyperConnectivity.pdf
02-fICA-HyperConnectivity.pdf
02-fICA-HyperConnectivity.pdf
02-fICA-HyperConnectivity.pdf
02-fICA-HyperConnectivity.pdf
Jpeg-fICA-Pascual20110315-019.pdf
Jpeg-fICA-Pascual20110315-019.pdf
Jpeg-fICA-Pascual20110315-019.pdf
Jpeg-fICA-Pascual20110315-019.pdf
Jpeg-fICA-Pascual20110315-019.pdf
Jpeg-fICA-Pascual20110315-019.pdf
Jpeg-fICA-Pascual20110315-019.pdf
Jpeg-fICA-Pascual20110315-019.pdf
Jpeg-fICA-Pascual20110315-019.pdf
Jpeg-fICA-Pascual20110315-019.pdf
Jpeg-fICA-Pascual20110315-019.pdf
Jpeg-fICA-Pascual20110315-019.pdf
Jpeg-fICA-Pascual20110315-019.pdf
Jpeg-fICA-Pascual20110315-019.pdf
Jpeg-fICA-Pascual20110315-019.pdf
Jpeg-fICA-Pascual20110315-019.pdf
Jpeg-fICA-Pascual20110315-019.pdf
Jpeg-fICA-Pascual20110315-019.pdf
Jpeg-fICA-Pascual20110315-019.pdf
Jpeg-fICA-Pascual20110315-019.pdf
Jpeg-fICA-Pascual20110315-019.pdf
Jpeg-fICA-Pascual20110315-019.pdf
Jpeg-fICA-Pascual20110315-019.pdf

Computing brain networks

In fMRI, the basic material are images of metabolic brain activity that change with
time.

In EEG, the basic material are images of electric cortical activity for each
frequency band (SLORETA files, with 7 images, one for each band: delta, theta,
alphal, alpha2, betal, beta2, beta3).

An fMRI resting state network is a single static image of metabolic brain activity.
The brain areas in a network activate together, but different networks do not
activate together.

An sLORETA resting state network consists of many images of electric cortical

activity, one for each frequency (e.g. 7 images). The O A O Areas ANDAEOANOAT /
In a network always activate together, but different networks do not activate

together.
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all parameters as indicated.
ULLS o B N .l

|
| Adjust for screensize v | Help | DragDropUtil | WindowsExplorer e
esktop.ini
Il - Electrode names to coordinates l Transposed fICA
--Registering real electrodes
: Elegclh'o d:esgviewer Transposed ICA { X=AS ; X: #SubjsX(#TFsX#Voxels) ; A: #SubjsXq ; S:qX(#TFsX #Voxels) super-ndependent }
- Electrode coordinates to transforma Select,
- EEG/ERPs to sSLORETA {+ SLORETA (" ERP(text) ( ERP(4ByteReal) ( EEG cross-spectrum
EEGs to cross spectrum |
Cross spectra to sLORETA Scaling : File mask :
- Averager
.. Merge files Frequency/Time-wise t v * slor t v
- EEG to epochs L
- Scaling and Baseline Files
- Filtering Time/Electrodes oberto\Desktop\sLORETA-ExampleDataSets \ExampleEEGdata(Peter Anderer) \VigCtrlEEG_OId\VEEG20_O.slor - [ Indude sub
Format converter oberto\Desktop\sLORETA-ExampleDataSets\ExampleEEGdata(PeterAnderer) \VigCtrlEEG_Young\VEEGO1_Y.slor
ROT maker 1 oberto\Desktop\sLORETA-ExampleDataSets\ExampleEEGdata(Peter Anderer) \VigCtrlEEG_Young\VEEG02_Y.slor Number offl
i oberto\Desktop\sLORETA-ExampleDataSets\ExampleEEGdata(PeterAnderer) \VigCtrlEEG _Young\VEEGO3_Y.slor
| ~~ROI maker 2 oberto\Desktop\sLORETA-ExampleDataSets \ExampleEEGdata(Peter Anderer) \VigCtrlEEG _Young\VEEG04_Y.slor 40
-ROI maker 3 oberto\Desktop\sLORETA-ExampleDataSets \ExampleEEGdata(PeterAnderer) \VigCtrlEEG_Young\VEEGOS_Y.slor
.. sSLORETA to ROIs oberto\Desktop\sLORETA-ExampleDataSets\E: eEEGdat: dacac\\WinCtlEEC V. L 04 Y clar L
. Connectivity 1 oberto\Desktop\sLORETA-ExampleDataSets\Ex: Gual.a F Drag/Drop files/folders to LORETA
e varving cross-specha oberho‘Deskhop\sLORETAfxamplel?ets \cxampt:m:\awlé
oberto\Desktop\sLORETA-Examplel xampleEEGdatalPg - =
-View time-varying cross-spectrum obertoVDesktoggLOREl'A£xamﬂeDataSe pleEEGd ata @U v[ \Users\roberto\Desktop\sL ORETA-ExampleDataSets\ExampleEEGdata(PeterAnderer) Searc
Time-varying cross-spectra to sLORE oberto\Desktop\sLORETA-ExampleL \Exam eEE...‘m v,
. Connectivity2 oberto\Desktop\sLORETA-ExampleDataSets \ExampleEEGdatA Dg b|, Organize %o,  New folder
.Microstate segmentation oberto\Desktop\sLORETA-ExampleDataSets \ExampleEEGdata(Pd " * a Yo,
oberto\Desktop\sLORETA-ExampleDataSets\ExampleEEGdat: *a thop - 3 3 e A -
- ICA for EEG/ERP oberto‘J\Sesktog&ORETA{xamglleDataSets\\ExamglleEEG;:: '&usoft AUdI e Praved 3100 Naime Date modificd Type
--BRL SLORETA norms oberto\Desktop\sLORETA-ExampleDataSets \ExampleEEGdata @ Shareﬁd&i&S Z'P Yo, . TR e
.. Global connectivity oberto\Desktop\sLORETA-ExampleDataSets\ExampleEEGdata(Pé Pt N, ., RestEEG_Old 2012-01-06 07:54 File folder
- ficA oberto\Desktop\sLORETA ExampleDataSets\ExampleEEGdata te tea, | RestEEG_Young 2011-12-1711:49  Filefolder
for fI oberto\Desktop\sLORETA-ExampleDataSets\ExampleEEGdata! sLORETA- ExampIeDataSets Ca, - Y —
SONES (OF 1A oberto\Desktop\sLORETA-ExampleDataSets\ExampleEEGdata (P8 . "+ | VigCtrlEEG_Old 2012-01-1212:50 File folder
Regression z-scores ExampleEEGdata(PeterAnderer) b g iR e 5 =
NS = - *a | VigCtrlEEG_Young 2012-01-12 12:50 File folder 3
Corunction ‘ [ RestEEG_Old — =
- Hilbert transform 1 = | 7bands.txt 2011-05-13 15:56 Text Document
: RestEEG_Young R o
- Microstates (BatchMode) : | Infoxt 2006-07-08 01:21 Text Document
- Single trial covariance Num of voxels/electrs : Num of Fregs/TimeFrs :  Cumulant{ VigCtrlEEG_Old : 3 R 2% 5
2 : 3 5 List19e.spinv 2012-01-1212:06 SPINV File
- HilbTr single trial covariance Io 0 4 VigCtrlEEG_Young =
VD A ERP; i 1] List19.sxyz 2012-01-1211:59 SXYZ File
amplel ata(MichaelaEsslen
Transposed fICA o P = || List19e.txt 2006-03-04 05:14 Text Document
¢ i tilities b
:?"‘I’EEH‘I’:’;RW'VE'S Advanced options : - o - || List19e-EI2SlorTM-Runlnfo.bet 2012-01-121205  Text Document -
- Single file - irtuaWin_portable_4. v @l i J
. Single file SVD Prewhitening method : . Number of components :
- Single file transposed ICA (¢ Truncate @ Al{ File name: (VigCtrlEEG_Old
- ICA for Ifagged EEG/ERP ~iRetast U ed
Connectivity maps [ Open Iv] \ Cancel
Partial connectivity maps " Regularized 15
- LORETA dusters
4D dusters (LORETA spectra : “Postscaling:
G 7 spectra) Eps for numerical rank (EigenVal/1stEiegnVal) : [~ Log-transform
- Causal connectivity maps 7+ None @

- Causal partial connectivity maps
- Population Value Decomposition

|1.0e-7

DoubleClick to set output (save) file name (Hint: Create a new folder for output files) :

(" Standardize (Mean=0 ; SD=1)
" Scale (Sum=1)
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Electrode names to coordinates
Registering real electrodes
Electrodes viewer
- Electrode coordinates to transforma
- EEG/ERPs to sSLORETA
- EEGs to cross spectrum
Cross spectra to SLORETA
Averager
Merge files
EEG to epochs
Scaling and Baseline
Filtering Time Electrodes
- Format converter
- ROI maker 1
- ROI maker 2
ROI maker 3
SLORETA to ROIs
Connectivity 1
Time-varying cross-spectra
View time-varying cross-spectrum
- Time-varying cross-spectra to sLORE
- Connectivity2
- Microstate segmentation
ICA for EEG/ERP
BRL sLORETA norms
Global connectivity
fica
Scores for fICA
- Regression z-scores
- Conjunction
- Hilbert transform 1
- Microstates (BatchMode)
Single trial covariance
HilbTr single trial covariance
fsvD
Transposed fICA
SendersHubsReceivers
- Single file ICA
- Single file SVD
- Single file transposed ICA
ICA for lagged EEG/ERP
Connectivity maps
Partial connectivity maps
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- Causal connectivity maps
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Transposed fICA

- BréngpFic) s
FAES yIY!

Transposed functional ICA { X=AS ; X: #SubjsX(#TFsX#Voxels) ; A: #SubjsXq ; S:qX(#TFsX#Voxels) super-ndependent }
Select file type :
(+ SLORETA (" ERP(text) ¢ ERP(4ByteReal) ( EEG cross-spectrum
Scaling : 3 U Set output (save) file name (Hint: Create a new folder for output files)
Frequencl S, |
b » sLORETA-ExampleDataSets » ExampleEEGdata(PeterAnderer) » TranspFica
Y
oberto\Des Organize v New folder b
oberto\Deg ,
oberto\Des Books&Graphs&Webcam # Name Date modified Type
oberto\Deg
oberto\Deg Japanese
oberto\Des LORETA workshop No items match your search
oberto\Deg
oberto\Des Matlab
oberto\Deg| =
oberto\Deq. Movie stuff
oberto\Deg’ MRIcro
gg:::gg:: | Music stuff
oberto\Des . Paint stuff
oberto\Deg'
oberto\Des sLORETA-ExampleDataSets
oberto\Des =
oberto\Des ExampleEEGdata(PeterAnderer)
oberto\Des RestEEG_Old
gg:::gg:: RestEEG_Young
TranspFica
t : VigCtrlEEG_Old
VigCtrlEEG_Young v < I o »
Num of voxel!
o File name: C:\Users\roberto\Desktop\sLORETA-ExampleDataSets\ExampleEEGdata(PeterAnderer)\TranspFica\Tfical5.txt v
Save as type: | Text files (*.txt) v‘
Advanced {/
Prewhitdi| * Hide Folders [ Save ] ‘ Cancel ]
(o Trunli== —
" Robust + User defined
Independence quality (ok if >1.0e-5):
(" Regularized 15 |
A Post-scaling: :
Eps for numerical rank (EigenVal/1stEiegnVal) : I~ Log-transform e . ;
1.0e-7
1 Pt tenro Double-click [
" Scale (Sum= y
DoubleClick to set output (save) file name (Hint: Create a new folder for output files) : S
IC :\Users\roberto\Desktop\sLORETA-ExampleDataSets \ExampleEEGdata(Peter Anderer) \TranspFica\Tfica 15. txt
6o e



Open the windows explorer, e.g. click as indicated. Navigate to the folder with the ICA res

e
LJ Utilities [E=EER
Adjust for screen size « | Help | DragDropUtil | WindowsExplorer

- Electrode names to coordinates Transposed fICA

- Registering real electrodes = T s
- Electrodes viewer Rz DEER

- Electrode coordinates to transforma Select file type :
- EEG/ERPs to sSLORETA (+ sLORETA " ERP(text) teReal)  ( EEG cross-spectrum
- EEGs to cross spectrum

- Cross spectra to sLORETA

ubjsX(#TFsX#Voxels) ; A:#5ubjsXq ; S:qX(#FTFsX#Voxels) super-ndependent }

a Scaling : File mask :
- Averager
. Merge flles |Frequencyfﬁmead\'ise j |‘.slor j
- EEG to epochs
- Scaling and Baseline Files
- Filtering Time/Electrodes oberto\Desktop\sL ORETA-ExampleDataSets \ExampleEEGda ta(Peter Anderer) WigCrlEEG_OId\WEEG20_0.slor - [ Indude subfolders
. Format converter oberto\Desktop\sL ORETA-ExampleDataSets \ExampleEEGdata(Peter Anderer) WigCrlEEG _Young\WEEGD1_Y.slor
-ROI maker 1 oberto\Desktop\sL ORETA-ExampleDataSets \ExampleEEGda ta(Peter Anderer) WigCrlEEG_Young \WEEGD2_Y .slor Number of lines
e oberto\Desktop\sLORETA-ExampleDataSets \ExampleEEGdata(Peter Anderer) WigCtrlEEG_Young\WEEGD3_Y .slor

~ROL maker 2 oberto\Desktop\sL ORETA-ExampleDataSets \ExampleEEGda ta(Peter Anderer) WigCrlEEG_Young \WEEGD4_Y .slor 40
-~ RO maker 3 oberto\Desktop\sLORETA-ExampleDataSets \ExampleEEGdata(Peter Anderer) WigCtrlEEG _Young\WEEGOS_Y. slor
- sSLORETA to ROIs oberto\Desktop\sLORETA-ExampleDataSets \ExampleEEGdata(Peter Anderer) WigCtrlEEG _Young\WEEGDGE _Y . slor
. Connectivity 1 oberto\Desktop\sL ORETA-ExampleDataSets \ExampleEEGda ta(Peter Anderer) WigCrlEEG_Young \WEEGD7_Y .slor Clear all files
T . "~ oberto\Desktop\sL ORETA-ExampleDataSets \ExampleEEGdata(PeterAnderer) WigCtrlEEG_Young\WEEGDS_Y .slor

!meyarylng D_'OSS_SDEC a oberto\Desktop\sL ORETA-ExampleDataSets \ExampleEEGda ta(Peter Anderer) WigCrlEEG_Young \WEEGDS_Y .slor
- View time-varying cross-spectrum oberto\Desktop'sL ORETA-ExampleDataSets \ExampleEEGdata(PeterAnderer) WigCtrlEEG_Young\WEEG 10_Y .slor
- Time-varying cross-spectra to sLORE oberto\Desktop\sL ORETA-ExampleDataSets \ExampleEEGda ta(Peter Anderer) WigCrlEEG_Young\WEEG11_Y.slor
. Connectivity2 oberto\Desktop'sLORETA-ExampleDataSets \ExampleEEGdata(PeterAnderer) WigCtrlEEG_Young\WEEG 12_Y .slor

oberto\Desktop\sL ORETA-ExampleDataSets \ExampleEEGda ta(Peter Anderer) WigCrlEEG_Young \WEEG 13_Y .slor

I A RS T oberto\Desktop\sL ORETA-ExampleDataSets \ExampleEEGdata(PeterAnderer) WigCtrIEEG_Young \VEEG 14_Y.slor

- ICA for EEG/ERP oberto\Desktop'sL ORETA-ExampleDataSets \ExampleEEGdata(Peter Anderer) WigCrIEEG_Young\WEEG 15_Y.slor |=
- BRL sSLORETA norms oberto\Desktop\sL ORETA-ExampleDataSets \ExampleEEGdata(Peter Anderer) WigCtrlEEG_Young\WEEG 16_Y .slor
- Global connectivity oberto\Desktop\sL ORETA-ExampleDataSets \ExampleEEGdata(PeterAnderer) WigCtrlEEG_Young\WEEG17_Y .slor
- fICA oberto\Desktop\sL ORETA-ExampleDataSets \ExampleEEGdata(Peter Anderer) WigCrlEEG_Young\WEEG 18_Y .slor

oberto\Desktop\sL ORETA-ExampleDataSets \ExampleEEGda ta(Peter Anderer) WigCrlEEG_Young \WEEG 19_Y .slor

- Scores for fICA oberto\Desktop\sLORETA-ExampleDataSets \ExampleEEGdata(Peter Anderer) WigCHrlEEG_Young\WEEG 20 _Y .slor
- Regression z-scores -

- Conjunction € m m
- Hilbert transform 1
- Microstates (BatchMode)
- Single trial covariance Mum of voxelsfelectrs : Num of Freqs/TimeFrs :  Cumulant order {never use 2):
- HilbTr single trial covariance 5239 7 4 AIC: |40
- f5VD

- Transposed fICA

- SendersHubsReceivers BIC: |40

Advanced options :

Estimators for dimension (approx!) :

- Single file ICA u e
- Single file SVD Prewhitening method : Mumber of compenents : umerical rank:

- Single file transposed ICA (* Truncate Al 40

- ICA for I.agged EEG/ERP ~Robut & User defined

- Connectivity maps Independence quality (ok if >1.0e-5):

- Partial connectivity maps  Regularized 15 |p.0196208991110325

- LORETA dusters

Post-scaling:
TiEEs G'O_RI_:TA el Eps for numerical rank (Eigenval/ 1stEiegnval) : [~ Log-transform ostscaing
- Causal connectivity maps (+ None
- Causal partial connectivity maps |1.De-?’ { Standardize (Mean=0 ; SD=1)
H

- Population Value Decomposition
" Scale (Sum=1)

DoubleClick to set output (save) file name (Hint: Create a new folder for output files) :
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The results for the Transposé@€Aanalysis:

|| CAUsers\roberto\Desktop\sLORETA-ExampleDataSets\ExampleEEG data(PeterAnderer\ TranspFica|
-

t View Toeols Help

- Include in library ~ Share with = Burn Mew folder =~ [ @
:ent Places i Name : Date modified Type
. Projections 2012-01-1215:21 File folder
:OF_‘ I || Tfical5-AIC.tet 2012-01-1215:21 Text Docur
anes || Tfical5-BIC ket 2012-01-1215:21 Text Docur
o || Tfical5-EigVall .t 2012-01-1215:21 Text Docur
"npute-r || Tfical5-EigVal2 et 2012-01-1215:21 Text Docur
i || Tfical5-EigValMicel bt 2012-01-1215:21 Text Docur
Heers || Tfical5-Generallnfo.bxt 2012-01-1215:21 Text Docur|
)5 v Tfical5-HyperndpndntFICs-001.slor 2012-01-1215:21 SLOR File
| e E v Tfical5-HyperndpndntFICs-002.5lor 2012-01-1215:211 SLOR File
I DEfa.UH: User v Tfical5-HyperndpndntFICs-003.5lor 2012-01-1215:211 SLOR File
. v Tfical5-HyperndpndntFICs-004.slor 2012-01-1215:1 SLOR File
J B . v Tfical5-HyperdndpndntFICs-005.slor 2012-01-1215:21 SLOR File
. 'a"d_m'd Y Tfical5-HypedndpndntFICs-006.slor 2012-01-1215:21 SLOR File
. .applnv.entor v Tfical5-HyperdndpndntFICs-007.slor 2012-01-1215:21 SLOR File
W kehmyiewer v Tfical5-HyperdndpndntFICs-008.slor 2012-01-1215:21 SLOR. File
. App[-)ata. m v Tfical5-HyperlndpndntFICs-009.5lar 2012-01-1215:21 SLORFile |=
B Application Data v Tfical5-HyperdndpndntFICs-010.5lar 2012-01-1215:21 SLOR File
= Conta.cts V Tfical5-HyperdndpndntFICs-011.5lar 2012-01-1215:21 SLOR File
) B Cookies V Tfical5-HyperdndpndntFICs-012.5lor 2012-01-1215:21 SLOR File
8 Desktop v Tfical5-HyperdndpndntFICs-013.5lor 2012-01-1215:21 SLOR File
% Books v Tfical5-HyperdndpndntFICs-014.slor 2012-01-1215:21 SLOR File
 Books&Graphs&iNebcam v Tfical5-HyperdndpndntFICs-015.5lor 2012-01-1215:21 SLOR File
% Japanese v Tfical5-z5coresHyperlndpndntFICs-001.slor 2012-01-1215:21 SLOR File
% LORETA workshop v Tfical5-z5coresHyperlndpndntFICs-002.slor 2012-01-1215:21 SLOR File
. Matllab v Tfical5-z5coresHyperlndpndntFICs-003.slor 2012-01-1215:211 SLOR File
K Movie stuff v Tfical5-z5coresHyperlndpndntFICs-004.slor 2012-01-1215:211 SLOR File
. MRIFrO v Tfical5-z5coresHyperlndpndntFICs-005.5lor 2012-01-1215:1 SLOR File
. ML_JSIC stuff v Tfical5-z5coresHyperlndpndntFICs-006.slor 2012-01-1215:21 SLOR File
a % Paint stuff v Tfical5-z5coresHyperlndpndntFICs-007.slor 2012-01-1215:21 SLOR File
 sLORETA-BrempleDatasets v Tfical5-z5coresHyperlndpndntFICs-008.slor 2012-01-1215:21 SLOR File
D> ). BampletEGdatalPeteranderen) WV Trical5-z5coresHyperndpndntFICs-00.slor 01201121521 SLORFile
s L v Tfical5-zScoresHyperindpndntFICs-010.slor 2012-01-1215:21 SLOR File |
9 = RestEEG._Young v Tfical5-zScoresHyperindpndntFICs-011.slor 2012-01-1215:21 SLOR File
= T.ran spFica V Tfical5-z5coresHyperindpndntFICs-012.5lor 2012-01-1215:21 SLOR File
i VigCtrIEEG_Old Y Tfical5-7ScaresHynerndnndntFICs-013.clar 2012-01-17 15:71 SIORFile 7
. VigCtrlIEEG_Young -~ [ I | 3




The results for the Transposé@€Aanalysis:

T D Ay =

;I | C:AUsers\roberto\Desktop\sLORETA-ExampleDataSets\ ExampleEEGdata(PeterAnderer)\ TranspFical v‘ 5 | E:f:f" TranspFica 2 |

T YST-— s asssee—— SSSSSS——_—_—_—_————

t View Tools Help

- Include in library ~ Share with = Burn Mew folder =~ [ i@l
:ent Places i Name : Date modified Type i
. Projections 2012-01-1215:21 File folder
7P [ Thical5-AlC.td 201201121521 Text Docur
e [ Tfical5-BICHt 201201121521 Text Docur
o [ Tfical5-EigVall et 201201121521 Text Docur
rputer [ Tfical5-EigVal2.tet 201201121521 Text Docur
DJ:E'S'( 15 [ Tfical5-EigValNicel txt 201201121521 Text Docur
|| Tfical5-Generallnfo.bxt 2012-01-1215:21 Text Docur
| g!f:::s ) W Trical5-HypedndpndntFICs-001.slor 01201121521 SLORFile
A . ~ o v
Dot e ¢ KS TFficdl%zScoresHyperindpndntFids: - ®a t 2 N.
] uphc
| toberto contain the resting state networks (RSNs). Run the LORET/
, .android . . - . .
| appinventor viewer/explorer and load a file, or doubtdick the first file
s (Tfical5zScoresHyperindpndntFKO@1.slor), and the
@ Appiication Data LORETA viewer/explorer will open automatically.
- Conta.cts W |hicals-HyperndpndntklLs-ULL.slor 1-12 13271 SLUK Hile
a @) Cookies V Tfical5-HyperdndpndntFICs-012.5lor 2-01-121521 SLOR File
M Desktop v Tfical5-HyperdndpndntFICs-013.5lor 2012-01-121521 SLOR File
: Ezztz&ﬁraphs&\“{ebcam v Tfical5-HyperdndpndntFICs-014.slor 2012-01-121521 SLOR File
| Japanese v Tfical5-HyperdndpndntFICs-015.5lor 2012-01-1215:21 SLOR File
. LORETA workshop v Tfical5-z5coresHyperlndpndntFICs-001.slor 2012-01-1215:21 SLOR File
e v Tfical5-z5coresHyperlndpndntFICs-002.slor 2012-01-1215:21 SLOR File
. v Tfical5-z5coresHyperlndpndntFICs-003.slor 2012-01-1215:21 SLOR File
TR WV Tical5-zScoresHyperndpndntFICs-004.slor 01201121521 SLORFile
ot W Thical5-zScoresHyperndpndntFICs-005.slor 01201121521 SLORFile
| TS W Thical5-zScoresHyperndpndntFICs-006.slor 01201121521 SLORFile
| Ly W Thical5-zScoresHyperndpndntFICs-007.slor 01201121521 SLORFile
aa : .SL;:::;;?EEG:::;a::;t:dereo W Thical5-zScoresHyperndpndntFICs-008.slor 01201121521 SLORFile
[T — v Tfical5-z5coresHyperlndpndntFICs-009.slor 2012-01-1215:21 SLOR File
- v Tfical5-zScoresHyperindpndntFICs-010.slor 2012-01-1215:21 SLOR File
> ire;iiii‘::ung W Thical5-z5coresHyperndpndntFICs-01L.slor 201201121521 SLORFile
. V Tfical5-z5coresHyperindpndntFICs-012.5lor 2012-01-1215:21 SLOR File
i VigChIEEG Old Y Tfical5-7ScarecHunerdndon dntFICs-013.clar 2M12-01-1715%M1 SIORFile 7

. VigCtrlEEG_Young - 4 T 1



The next slide shows the preferred display layout.



v LORETA explorer (LORETA time domain) [Tfical5-z5coresHyperindpndntFICs-001.slor]

DataType SamplingRateHz(128) Offset(D) Jobs File ColorScales Tools Window ClearFiles Viewlnfo [Exp(sLORETA)IsOff] Hel
yp pling P p
DataType slorCol + | ScalpCol - | AnatCol Slices Allslices 3DCortex  + | ScalpMap Signals FileExplorer DragDroplJtil WindowsExplorer AdjustScreenSize
v 3D cortex/scalp/electrodes E3 v SliceViewer 53
Left Crtwl Save w AnatColors InitalView « JumpMax  JumpMin  JumpZero  Jumpto... Max Help CopyToClipBrd — TalMNIconvert «
Fiight SclpC
o A
Top Bzt L R (v | B ZI=565100mm] ; (1.20E41) ; 7 SLORETA
Battm BarC 3 -w -
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: g () ()
Back ] . SclpOn
S o ™, S i] +5 +5
Reset J 4 Crt0
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ElctiO 13 M u
i .
BN ElctiOn -10 5 5
= Etejmtrasg Rst %[ 4|x Max 5 D +5em [¥) (Y] 45 0 5 A0em e 0 +Sem [X]
4 L3 2l
4= = —_ - A -
Cortex bansparency ol g | Deflts - -
1 _+| Rt x + | \
Meurcanatomy (Talairach labels)
s =1
Scalp contrast o ¥ Track |[~ Append Hits:{y = Cpy2CipBrd ~ Save2File
KA | Rs Value= 1,20E+1
(X=5,¥=65, Z=-10) (MNI coords)
Scalp transparency
4 _+| Fst Best Match at 0 mm
Brodmann area 11
Superior Frontal Gyrus
Cotex w | Help Frontal Lobe
W EEG/ERP signals =) Find Max/Min
Save w EEGool GFPcol BogiCol Font Pen+s Pen- | AwReflsOff  FilkerlsOff -

Helr

TFz/Page: 7 Page: 1/1 | TotalTFe=7 Curzorz » Help Movice  EEGestral » sl ORestral «

Mark1=46.878msz [TF 7]

8-12Hz ji TimeDervlsQff ~  DC=0(cf)  ZerolsOn  Max vCurrentclen:it}-‘relateclcclcr:cale
»~/f/ Savimg | SavePal | LodSPal «| LodéPal | DefitPal | MewPsl |Ticks (e =]/ Font |[+Postteg  ~ || Patch
lorGFP
-2.000 -2.250 -1.500 0,750 0,000 0.750 1,500 2250 2000
Hviax
Scale exponent Scale Max O SelWlax ¢ SeliMaxx [50 =
N J 3 *
4 M[148.41 | Reset || JR000E/00 = o p L
Min
StdCrDn 2
19.625
‘ j 8.82056ms



Select all windows and parameters as indicated by the arrows. In the next slide.
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How to interpret what you see:

1.

2.

The color scale is set to display activation only if it has@e higher that 3, which is
significant.

INthed 9 9 DKk 9wt GAAVPNEHEH (GKS (62 f26SNI OdzNIJ¢
and minimum negative activation, for each frequency band (there are 7 bands along t
axis).

In the previous slide, the results show maximum activation in frontal cortex for high
frequency Beta3 band.

This is a simple case, with only one dominant frequency (Beta3). For other brain netw
If there is more than one dominant frequency, it is necessary to check each of those
frequencies individually.



The next slides summarize some of the main networks



LORETA resting state network 1: Frontal Beta3
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LORETA resting state network 2: (Frontal Delta AND Parietal Alphat¢mekated with

Occipital Alphal
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LORETA resting state network 3: Frontal Delta with Occipital Alphal
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LORETA resting state network 4: Right Frontal Batéizorrelatedwith Left Frontal Beta3
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LORETA resting state network 5: Parietal Alphalcantelatedwith Occipital Alpha2















