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Memory options
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EEGLAB

Edit Tools Plot 5t

Import data

Import epach info
Import event info

Export

Load existing dataset
Save current datasetis)
Sawe Current dataset as

Clear dataset{s)

Create study

Load existing stuchy

Save current stuchy

Memory options should change
Sawe cUrrent stuchy as

when using STUDY vs single dataset

Clear studhy

Memory and other options
Sawe history r
it
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Build a STUDY

Helpa N

lmpart data

axisting dataset:
(rew )

Load existing dataset

Create stucy

Load existing stuchy

dataset” (old)

‘{data epochs) else
(continuous data)

fedit dataset info)
a Adatacath

Browse for datasets

> Remowe
(A"

Memory and other options

it
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Build a STUDY, cont'd
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Select by rv.
| clear
_Claar |

Lookin: | J, 501 ~| « & e E
=) | MName | Date modified Type
“ | |Ignoreset 11/8/2009 7:06 PM SET File
Recent Places
D Memorize.set 11/8/2009 7:06 PM  SET File
- | | Probe.cet 11/12/200810:02 ...  SET File

Desktop

0 B O R 9 2
AL L]
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Edit dataset info

| b M

s 1| B i M A Ml M

df [ ,.I ||| N ,'F‘l'. (5LJ|*,"M‘\\[~..'H I'N IT-I v '.1",;,‘1"'“"'.'“‘- L0y u.*.'uf‘-lh‘lll '-.__.""r‘f" | I..m | "Ii'l- e “"""H.‘..\,Jﬂ“' ',V-‘ "IL
W™ -, I

1%

W Keap anly in-brain dipolas,

Sternberg

Sternberg

Select by rv

CiWlsersWulisDocumentsiNor - -
CllsersVjulisVDocumentsWAar - - ignare Comp. 3 5 ..
ClsersijulisvDocumentsWiAor ! =01 - probe Comp. 3
ClzersijulisVDocumentsWAar - s02 - memaorize 3
ClsersWulieVDocumentsar - m - ignore 5
ClzersijulisVDocumentsiAar - - probe z 5
ClsersWulisVDocumentsar - - memarize Comp. &
ClsersijulisVDocumentsWiAar - - ignore G
C:WsersulieWDocuments\Wor| ... | [ probe G
ClsersijulisVDocumentsWiAor ! - memaorize 1

Cancel | ok |
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ICs to cluster
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ignore
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EEGLAB Workshop XI, Sept 8-10, 2010, NCTU, Taiwan: Julie Onton — STUDY Intro



Build a STUDY

Most 1mportant option:

< Allows only one dataset

0 ;
Yo Open eeglab: to be loaded at once.

[ALLEEG EEG CURRENTSET ALLCOM] = eeglab; /| _ Most STUDYs are too big to

have all data loaded at once.
% Set memory options:

pop editoptions( "option_storedisk®, 1, "option_savetwofiles®, 1,..
"option_saveica", 1, "option_single®, 0, "option_memmapdata“,..

O, “option_computeica®, 1, “option_scaleicarms®, O,..
"option_rememberfolder®, 1);

% saves a fTile "eeg options.m" to your current working directory

% Inttialize EEGLAB/STUDY variables:
STUDY = []; CURRENTSTUDY = 0; ALLEEG=[]; EEG=[]; CURRENTSET=[]:
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Build a STUDY

% Faster alternative to building a STUDY manually
% Example STUDY: 13 subjects, 3 conditions

% Define variables:

basedir = “C:\...\EEGLAB_WORKSHOP\STUDY\";

setnames = {"Memorize.set","lgnore.set”, "Probe.set"};
subjs = {*S01",*"S02*,"S03*","S04","S05","s06", "S07", ..
=s08*,*"sS09*","S10","S11","S12","S13"};

studyname = "Sternberg-”;

taskname = "Sternberg”;

savename = "stern.study”;
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Define variables

% concatenate string variables:
[1 % strings inside brackets will be concatenated

datset = [basedir,subjs{subj}, “\*,setnames{cond}];

C:\EEGLAB_Workshop\STUDY\ SO1\ Memorize.set
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. Load dataset info from commandline
-
% Now Boop through subjects and add to the STUDY:
index = 1; % inittialize STUDY i1ndex
for subj = 1l:length(subjs) % for each subject
for cond = 1l:length(setnames) % for each condition
datset = [basedir,subjs{subj}, “\“,setnames{cond}];
[STUDY ALLEEG] = std editset( STUDY, ALLEEG,..
"name”, studyname, "task®", taskname,...
"commands”® ,{{"index", index, "load" ,datset}, ..
{"dipselect”,0.15},{ "subject” ,subjs{subj}},..
{"condition”,conds{cond}}},..
“@Inbrain’,’on’, "updatedat”, "off", ..
"savedat®, "off‘,"filename”, [basedir, savename]);
Index = 1ndex + 1;
CURRENTSTUDY = 1; EEG = ALLEEG; CURRENTSET = [1:length(EEG)];
[STUDY, ALLEEG] = std checkset(STUDY, ALLEEG);
end;
end;
eeglab redraw
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4

STUDY =

name:
task:
datasetinfo:
notes:
filename:
filepath:
history:
subject:
group:
session:
condition:
setind:

etc:
preclust:
cluster:
changrp:
saved:

>>
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STUDY structure

"Sternberg”
"Sternberg”
[1x39 struct]

"stern.study”

[1x7332 char]
{1x13 cell}
{""}

L1

[3x13 double]
[1x1 struct]
[1x1 struct]
[1x1 struct]
[1x71 struct]

yes

{"1gnore® “"memorize"

"C:\Users\julie\Documents\Workshops\Finland\STuUDY "

"probe*}




Subject info In STUDY structure

j Y
@ >> STUDY.datasetinfo

Gives information ans =
for each dataset
of each subject 1x39 Bstruct array with fields:

Tilepath
Tilename
subject Each DATASET
session (NOT each subject)
condition has a unique
group index
index

comps

>>
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Precompute data measures

Computafional
Neuroscience

EEGLAE vG.0D

File Tools SN Datasets  Help u

Edit stuchy info

Frecampute channel measures

Flot channel measures

study filename:
Study task name Precompute component measures
M of subjects
Mb of conditions
Mb of sessions

Build preclustering arrasw

Cluster components

Mb of groups Edit/plot clusters
Epoch consistancy Was

Channels per frame 31

Channel locations Was

Clustars 1

status Feady to precluster
Total size (Mb) 30,4
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Precompute data measures

Chiafkancnn

Neuroscience

TIP: Compute all measures so you can

test different combinations for clustering

Select and compute component measures for later clustering — pop_precompl() l = | (=] |_ih]

Pre-compute component measures for STUDY "Sternberg’
| Compute ERPézpectrumERSP anly for components selected by BY (2] or for &l components (unset)
List of measures to precompute
vl ERP= Ba=eline ([min max] in ms) [-200 0]
J Powver spectrum Spectopo parameters Test
J| ERsPz
l Timelfreq. parameters ‘cycles', [3 0.5], 'nfregs’, 100 Test
S ITC=
| Scalp maps -
T Recommend:
- -
Recompute even if present on disk al pha ’ - 01
(time-consuming)
Help Cancel | Ok I |

[STUDY ALLEEG] = std precomp(STUDY, ALLEEG, T“components-,..
“erp®, "on", "rmbase”,[-200 0] , "scalp®", "on", "spec”,..
"on", "specparams”®,{}, "ersp", "on", "erspparams-”,..
{"cycles",[3 0.5] , "nfregs”,100, "freqs",[3 70]
"alpha®,0.01}, "i1tc", "on");
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Precluster the data

EEGLAE wb.0b

File Tools aifeifN Datasets  Help N

Edit stuchy info

study filename:

Precompute channel measures

Plot channel measures

study task name
Mb of subjects

Frecompute component measures

Build preclustering arras

Mb of conditions
Mb of sessions
Mb of groups

Cluster companents

Edit fplot clusters

Epoch consistenay

Channels per frame
Channel locations

Clusters

status

Taotal size (Mb)

WES
31

Wes
1

Pre—clustered
32.4
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Precluster the data

Select and compute component measures for later clustering -- pr_precI...I. = | (=] |ﬁ]

. i

.~ Build pre-clustering matrix for STUDY set: Sternberg

v

Neuroscience

Select the cluster to refine by sub-clustering (any existing sub-hierarchy will be overwritten)
ParentCluster 1 (336 1Cs) -

Mate: Only measures that have been precomputed may be used for clustering.

Final dimensions

Help

10 Help

Uze Mea=sure Product clustering

Cancel | Ok

Measures Dims. Horm. Rel. Wt.

| spectra 10 o 1 Freg.range [Hz] 325
ERP= 1 1 Timerane [me]

V| dipoles o 10
zcalp maps 1 1 Usze channel values « Absolute values

| ERSP=z 10 i 1 Time rande [ms] 0800 | Freq. rande [Hz] 330
ITC= 1 1 Time rane: [me] Fred. rEng e [HE]

parentclust = 1; % cluster 1 i1s always full parent cluster

[STUDY ALLEEG] = std preclust(STUDY, ALLEEG, parentclust,{"spec”,"npca“,5,..

*norm*,1, "weight*,1, "freqrange”,[3 25]},.{"erp”, "npca*,6,"norm*,1,..
"timewindow",[O0 400]},{"scalp®, "npca*,10, "norm*,1, "weight",1,..
"abso" ,1},{"dipoles”,"norm”,1, "weight",10},{"ersp”, "npca*”, 20, ..

, timewindow",[O0 600], "norm®,1,"*weight*,1},{"1tc",..
"npca”,6, "fregrange”,[3 30], "timewindow",[0 400] ,

"weight®,1,

"fregqrange”,[3 30]

“norm*,1,

"weight®,1});



Choosing data measures

SR
%, The

& What measure(s) should you use?

* It depends on your final cluster criteria...
- If for example, your priority is dipole location,
then cluster only based on dipole location...

But consider:

- What is the difference between these two components?

ICZ 502, Cls 26 IC5 /303, Cls 26
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Choosing data measures

Cls 26 -8 sets - 11 components (11 dipoles)

File Edit ‘“iew Insert  Tonls  Deskinn  window  Helo o

12 dipoles:

Plot ohe J

Feap|MNext
Maxt
Prey

Keap |Preyw

e

IC2, 502
By 2.02%
K tal -2
¥ tal -12
7 tal: 26 "'

Display:
Mash an J
Tight wicw
Sagittal wie
Coronal viea
Top wiaw

i

Mo control

CQ.mpuulbnal
MNeuroscience

Obvious dramatic effect on
scalp map topography:

IC5 /505, Cls 26

But, do they
perform the
same functions?
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Choosing data measures

CQ.mpumbnal
MNeuroscience

Figure 14: ERP Figure 13: ERP

File  Edit le  Edit Yiew |Insert Tools Desktop Window Help

—u

D& hRaAaO® (€ 08 =0 EE&E K aa"® ¢ 0H =8O

Cls 2B 50z, Comp.2, normals Cls 26
T T T T
MONTargetattendl a3
MOMTargetattendr ||
Targetattendl 4
TargetattendR

503, Comp.5, normals

I I
MNOMNTargetsttendl ||
MOMTargetattendR
Targetattendl
TargetattendR

1.5

1

0.5

0

Potential {pi)
Potential (p)

1 1 1 1 1 : 1 1 1
100 200 300 400 a00 600 700 goo 500 1000 100 200 400 500 600 700 goo
Time {ms) Time (ms)

ERPs seem different...
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Choosing data measures

Eile  Edit  “iew Insert Tools Deskiop  Window  Help
Neda Maams|E| 0E =O

502, Comp.2, normals
-a T

MOMNTargetattendl
MOMNTargetattendR
Targetattendl
TargetattendR

Power (10710, 4(W¥ */Hz))

-z L

Gl 10 15 20 £a
Freguency (Hz)

Figure 15: Component Spectra — || (=T | [

Figure 1&6: Component Spectra

File  Edit “iew Insert Tools Deskiop  Window  Help
N d& h|Rame || 0H = O

505, Comp.a, normals
-2 T

MOMTargetattendl
MOMTargetattendR
Targetattendl
TargetattendR

L
=
.

L
n
.

Power (107l0g, ,(Wwv/Hz))

-20 L L
l 10 15 20 i
Freguency (Hz)

Spectra are similar, but they have

variable responses to different conditions...
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File Edit Wiew

Insert  Tools

Choosing data measures

Deskiop  Window Help

DeE& haRaq® ¢ 08|80

Cls 26

File Edit  Wiew

Deda&| kRaq®|E| 08|sD

Comp. 2, NOMTargetAttendL, narmals, 302

33
20
o
=+
§~12 5
g
g L]
o7
4
0 500 1000
Time (ms)
Insert  Tools Desktop  Window  Help

Figure 11: ERSP of @ Component from cluster Cls 26

Comp. 2, NOMTargetAttendR, normals, S02

e
[
20
12
7
e
0 500 1000
Time (ms)

ERSPs have some similar features...

Comp. 2, TargetAttendLl, normals, 302

Comp. 2, TargetAttendR, normals, S02 de

33

o0 - -

23

20 #--2

12
u}
. -
7
-2
4
. . -4
] S00 1000

Time (ms)

Cls 26 Comp. 5, NOMTargetAttendl, normals, 505 Comp. 5, NOMTargetAttendR, normals, 505 Comp. 5, TargetAttendL, normals, 505 Comp. 5, TargetAttendR, normals, S05 dB
4
i — -
33 = 37— — 1 e - 1 3
—_— —
-
20 20 20 — 20 e
‘KI“ -
T
& 12 - A 12 12 - 1 12
5 1]
= -
2 7 7 ] 7
- 2
4 4 4 g 4 .
] 500 1000 ] 500 1000 ) 5 1000 ] 500 1o0a -4
Time (ms) Time (ms) Time (ms) Time (ms)
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p—

- T

D
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Ble Eon  Yiew jacent  Jodle  Qedkiop Window  Help -
neds keaans /0@ =0

502, Comp 2, normats
=5

NOMNTangulATsnL
NONTargetAenaRt
Targetatiendl
_ Targeantunds
&
L
o
5
&
g
‘g‘ 15 \\
& it
T
N
20 i "
W (5] F] F
Frequency (Hz)
Ble Eon  yiew jacert [ools [edkiop  Window Help -

neds keaans /= 0@ =0

505, Comp 5, Homma
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5 /
% iy /\
= W
# .15 A
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Frequency (Hr)
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Cis 26 Comgt, 2. NONTargetAtenal. rermals, 02

Comp. 2, NONTargewiitendR, normals, 502

Choosing data measures

What data measures

should you use?

It depends...

 broadly-matched ICs: use

many/all of the measures.

» specifically-matched ICs: use

one/few of the measures.

Comp, Z TargetAtiendl, nermals, S02 Comp. 2, TarngevAttendR, normais, 502 o
"

s
20 20
rd
§ 2 - 12
1
£ ;

S00 1000
Time {ms}

:

= nf— Ee] Ex] -
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Time {ms)

T lm Wew fsen Took Desiteo  Window Meln
@8 LRAaN® ¥ 0B =0

Cs % Comp. §, NONTargetAltendl, normals, S05

Comp. 5, NONTargetAllendP, normsals, SIS

an

(]

Fraquancy 2]
i 5 03
L

1

20

500 1
Time (ms}

e [ o i | Took Qwikon  fedow  Eee
DeEs yaan=s E/08 e0

chie 802, Canp 2. nermaty
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£3
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Cnmpumbnal
MNeuroscience
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[T —

Ble Eon Www jmen ook [eao Meow Heo
DeEs L Aans & 08 =0

Pt {4

Cis 26 05, Canpt, nemals
*  hONTarsAReaL
WONTargetieeah
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. \'Y lirgetatans

Camp 5, TargetAtrendL, normas, 505
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4

-
- t3
i
-
2
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Time (ms) Time {ms)
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ICs clustered
by dipole
location and

ERSP activity

What should clusters look like?

EEGLAB Workshop Xl, Sept 8-10, 2010, NCTU, Taiwan: Julie Onton — STUDY Intro



o g

p "

>

Plot STUDY dipoles

% std _diopleclusters() variables:

clusters = [3:length(STUDY.cluster)]; % clusters to plot
title = “Cluster Dipoles“; % fTigure title

plot params = [2,2,1]; % [nrows,ncols,subplot]

views = [1,2,3,4]; % l1l=top,2=side,3=rear,4=oblique

cols = hsv(length(clusters));

% std _dipoleclusters function call:
std dipoleclusters(STUDY,ALLEEG, “clusters”,clusters,..
“title”, title,’viewnum® ,views, “rowcolplace”,plot param,..

“centroid’,’off’, “colors”,cols);
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Precluster schematic

(o) Mean ERSPs PCA (=)
@ @
Q. &= [ W 7))
RS > 85 * g
X o X D
= = 3
= = ICs (all subj)
ICs (all subj) # PCs I
concatenate
_ £| Mean spectra PCA _E
o 2 o 2 %
= > =8 * g
? ? ICs (all subj)
ICs (all subj) # PCs

|

3D dipole position

Rel. weight

*
Dipole
location

ICs (all subj)
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ERSP

Precluster: Use singular values from PCA

‘e
T t'k

Mean ERSPs PCA

(time/freq)

ICs (all subj)

%% Do it yourself:

%% Load all ERSP data
%% decompose with PCA
%% plot singular values

(See code in ‘Tutorial_7_BuildSTUDY.m’)

ERSP
(time/freq)

# PCs

1

0.9+

0.8

0.7+

0.6

0.5
04-

0.3

0.2+

PC weights

ICs (all subj)

Normalized singular values

~ relative variance of

principal components

10% of max singular value

0.1

0
0

10 20 30 40 50
PCs
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STUDY clustering overview
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Cluster components

i varte S50
- Ctn_u ,

Computational

— Neuroscience

EEGLAR va.0b

File Tools Al [atasets  Help N

—_STUDY set: Al Edit stucdhy info

Precompute channel measures

Study filename: Plot channel measures

study task name Precompute component measures

i l
g - = p— w=]
Mk of sub) e.c_tS Build preclustering array u Set clustening algorithm pﬂp_clust[j_-‘ =
Mk of conditions - x
. Zluster components
Nb of sessions . Performing clustering on cluster 'P2rcmiCluster 1
Mb of groups Editfplot clusters
Epoch consistency Was Clustering algorithm: Kmeans (stat. toolbox) o |
Channels per _frame 31 Mumber of clusters to compute: 24
Channel locations Yes || Separate outliers (enter std ) 3
Clusters 1
Status Pre—clusterad Hel = : | = |
Total size (Mb) 32.4 Il __teb | o :
L
e 1

nclusts = 25; % choose # of clusters to create
[STUDY] = pop clust(STUDY, ALLEEG, "algorithm®,*kmeans®,"clus num®,nclusts);
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Plot/edit clusters

LR W I Q1 | P | Ade da A Man 1 s L M
- L i r‘l,' 1AY ]-,.\4 Y, fJ‘",. “l k| ,',‘,r' .\1. b .L_.IT| '\"-‘-‘r“.,\-I\ W .’..“ "-'I N N

"Cls 2" comp. 1 (501 1IC21)

ParertCluster 1 (336 [CTs) '"Cls 2' comp. 2 (503 1C21)
Cls 217 ICs) 'Cls 2' comp. 3 (503 IC25)
Cls 3 (B I1Cs) 'Cls 2' comp. 4 (S04 1C19)

Plot scalp maps Plot scalp map(s)
Plot dipoles Plot dipalels)
Plot ERPs Plot ERP{s)
Plot spectra Plot spectra
Plot ERSPs Plot ERSP(s)
Plot ITCs Plot ITC{s)
Plot cluster properties Plot componert properties

Create new cluster Reassign selected component(s)

Rename selected cluster Remove selected outlier comps.

Merge clusters Auto-reject outlier components
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Plot cluster data

-
n View and edit current component clusters -- pop_clustedit() ["‘:"‘

e

Select cluster to plot

All cluster centroids
ParertCluster 1 {336 IC=)
Cls 2 {17 ICs)
Cls 3 (6 1Cs)

L3

Plot scalp maps

Plot dipoles
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Plot spectra

Plot ERSPs

Plot ITCs

Plot cluster properties

Create new \cluster

Fename selected sluster

Merge clusters

Help

Select component(s) to plot
'Cls 2' comp. 1 {(S01 IC21) ~
'Cls 2' comp. 2 (503 1C21) =

Study name: "Sternberg’ (336 of 336 components clustered)

Center
Computational
Neuroscience

Plot mean scalp
maps for easy

Figure 3: Average scalp map for all ¢l
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Exercise

 Novice
-Open stern.study and practice plotting the existing clusters

 Intermediate
- Script a loop to build a STUDY from the commandline
- Precluster (pre-computation already done) and cluster
components using measures of your choice.

« Advanced
- Load raw data measures and run PCA to determine the
relative size of PCA dimensions for each data measure.
- Try preclustering/clustering based on your observations

** All scripts for exercises can be found in:
...IScripts/Tutorial_7_BuildSTUDY.m
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