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Build a STUDY

% Faster alternative to building a STUDY manually
% Example STUDY: 15 subjects, 4 conditions

% Define variables:

basedir = “C:\EEGLAB_WORKSHOP\STUDY\*;
setnames = {"attendl posl.set”,"attendl pos5.set”,..
"attend5 pos5.set”, "attend5 posl.set”};
subjs = {"S01*","Ss02","S03","S04","S05","S06", "S07",..
"=s08*,"s09","S10","S11","S12","S13","S14","S15"};
studyname = "Attention-;
taskname = "5-box";

savename = "attention.study”;

% Note: “EEG” fields "condition®, "group®, and "session” need to be
% defined 1In each dataset of every subject before building the STUDY!
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Build a STUDY

Most important option:

e Allows only one dataset

% 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_savematlab®, 1,..
"option_computeica®, 0, "option_rememberfolder®, 1);
% saves a file: "eeg options.m®™ to your current working directory

% Initialize EEGLAB/STUDY variables:
STUDY = []; CURRENTSTUDY = 0; ALLEEG=[]; EEG=[]; CURRENTSET=[];
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Build a STUDY: GUI (review)

Create a new STUDY set -- pop_study()
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Define variables

basedir = “C:\EEGLAB_WORKSHOP\STUDY\";
setnames = {"attendl posl.set”,"attendl pos5.set”,..
"attend5 posb5.set”, "attend5 posl.set"};
subjs = {"S01","S02","S03","S04","S05","s06", "S07",..
"sS08","S09*","S10","S11","S12","S13","S14","S15"};

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

[basedir,subjs{subj}, /" ,subjs{subj},” " ,setnames{cond}];

C:\EEGLAB_WORKSHOP\STUDY\ SO1\ S01_attendl posl.set
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Load dataset info from commandline

&

-
% Now loop through subjects and add to the STUDY:
index = 1; % initialize STUDY i1ndex
for subj = 1l:length(subjs) % for each subject
for cond = 1l:length(setnames) % for each condition
datset = [basedir,subjs{subj},"/",subjs{subj},..
" _",setnames{cond}]; % concatenate strings
[STUDY ALLEEG] = std editset( STUDY, ALLEEG,..
"name”, studyname, "task", taskname,...
"commands” ,{{"index", index, "load" ,datset},..
{"dipselect”,0.15},{ "subject” ,subjs{subj}}};,..
“@Inbrain’,’on’,..
"updatedat”,"off", "savedat®, "off",.
"filename®, [basedir, savename]);
Index = Index + 1;
CURRENTSTUDY = 1; EEG = ALLEEG; CURRENTSET = [1:length(EEG)];
[STUDY, ALLEEG] = std checkset(STUDY, ALLEEG);
end;
end;

eeglab redraw
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Task 2: STUDY structure detalls

Question:

How do 1 know which ICs/subjects are in each cluster?

Where 1n the STUDY structure can I find this information?
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| Task 2: Understanding STUDY structure
-

&

"\‘2@:—;‘-,'
20 = # of clusters | One cluster: 6 = cluster number
>> STUDY.cluster >> STUDY.cluster(6)
ans =

1x20 struct array with fields: name- "Cls 6"

parent: {"ParentCluster 1"}

name ]
parent child: [] 4 = # conditions
child IC iIndices comps: [4 2 22-16 152 7 2 6 12 15 17 3]
comps sets: ([4x14 double] dataset indices
sets algorithm: {"Kmeans® [19]}
algorithm .

gorit centroid: [] 67 = # of channels
centroid
oreclust preclust: [1x1 struct]
topo topo: [67x67 double]
topox topox: [67x1 double]
topoy topoy: [67x1 double]
topoall topoall: {1x14 cell}
topopol

topopol: [-1 -1 -1111-1-11-11111]
scalp map polarity
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| Task 2: Understanding STUDY structure
-

L S
.s\;_“r:‘:'

Dataset iIndices

Which subject? >> STUDY.cluster(6).sets

>> STUDY.cluster(6) Which dataset(s)?

Second IC = second column

ans = ans =
name: "Cls 6°
parent: {"PargntCluster 1"} 2 6 22 ..
hi Id- 4 8 24 ..
child: 11 1 5 | 21 .
comps: [4 222 1 6 15 2.7 2 6 12 15 17 3] 3 7 23 .[ condition 4
sets: [4x14 double]
algorithm: {"Kmeans® [19]} >> STUDY.datasetinfo(7) % access dataset 7
1A - ans =
centroid: [] Ffilepath: “C:\EEGLAB_WORKSHOP\STUDY\S02"
preclust: [1x1 struct] filename: °S02 attend5_pos5.set”
i subject: ("S02*° Subiect 2
topo: [67x67 double] cession- I J
topox: [67x1 double] condition: "TargAttnR*® Condition 4
group: "normals*
topoy: [67x1 double] index: 7
topoall: {1x14 cell} comps: [1 23456 7 10 11 13 14 15 16 19 22]

topopol: [-1 -1 -1111-1-11-11111]
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Precompute data measures

EEGLAR v&.0b

File Taools aifsfN Datasets  Help &

Edit study info

—STUDY set: A

study filename:

Precompute channel measures

Flot channel measures

study task name
M of subjects
M of conditions
M of sessions
M of groups

Frecompaute campanent measures

Build preclustering arrasy
Cluster compoaonents

Edit fplot clusters

Epoch consistency

Channels per frame
Channel locations

Clusters

status

Total size (Mb)

Ves
a1

Ve s

1

Feadyto precluster
30.4

EEGLAB Workshop VII, Apr. 20-22, 2009, Bloomington, IN: Julie Onton —STUDY scripting

Neuroscience

12



Precompute data measures

sSelect and compute component measures for later clustering -- pop_precompl)

Pre-compute component measures for 5TUDY "Attention’
] Compute ERPY spectrum fERSP for all components (sat) or only those salacted by BV (unsat)

List of measures to precompute

¥  ERPs

¥ Powar spactrum Farameters | Tast
™ ERSPs |— Timeffreq. parametears ' ' ' o'

w ITCs [ : | cycles', [3 0.5], 'padratio’, 1 Tast
W Scalp maps

| Recompute even if present on disk

Cancel | Help Ok |

Recommend:
"alpha®, .01

erp®,"on", "spec®,"on
"1tc","on", “ersp","on
"erspparams”® ,{"cycles",[3 0.5], "padratio”,1,"alpha®,0.01});

, "scalp”,"on
, recompute®,"off",
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Precluster data measures

Select and compute component measures for [ater clustering - pop_preclust()

Build pre-clustering matrix for STUDY "Attention’

Select the cluster to refine during sub-clustering (any existing sub-hierarchy will be overwritten)

ParentClustar 1 (1281 [Cs) -

Neuroscience

-

{noteionly measures that have been pracomputed may be used)

Load Dims. Norm Rel Wt
M Spectra 10 74 1 Frag.ranga [Hz] 3 75
| ERPs 10 74 1 e range sl
& dipeles 3 4 10
| scalp maps 10 4 1 ~4
B ERSPs 20 4 1 Time range [ms=] [0 1000]  Freq. range [Hz] [0 40]
v ITGs 10 4 1 Tirne range [rms] [0 500] Freq. rangs [Hz] [0 25]
| Final dimensicns 10 Help
| Save STUDY to file | Ihomafjulia/WorkshopSD2007/STUDY fattention, study
Cancel | Help | Ok |

parentclust = 1; % cluster 1 i1s always full parent cluster
[STUDY ALLEEG] = std preclust( STUDY, ALLEEG, parentclust,..
{"spec”, "npca”,10,"norm*,1, "weight®,1, "fregrange”,[3 25]},..
{"dipoles®, "norm®,1, "weight*,10},..

{"ersp”, "npca*,20,"norm*,1, *weight*,1, "freqrange”,[3 40],..

"timewindow",[0 1500]},..

{"i1tc*, "npca*,10,"norm",1, *weight*,1, "freqrange”,[3 30],..

"timewindow®,[0 600]});
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Choosing data measures

What measure(s) should you use?

e It depends on your final cluster criteria.
- IT for example, your priority is dipoles,
then cluster only based on dipole location..

But consider:

- What i1s the difference between these two components?

IC2 7302, Cls 26 ICS /505, Cls 26

EEGLAB Workshop VII, Apr. 20-22, 2009, Bloomington, IN: Julie Onton —STUDY scripting

16



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

Eile Edit “iew |nsert  Tonls  Deskinn  Window  Helo o

0E | §| M Similar dipole location,
very different orientation.

12 dipoles:

Flot one J

KeepINextJ
et J

r— :

' Keep _E.-_rg}fj
Ic2, 502
RV: 2.02%
}{Ia']gr -2
Y tal: -12
Zwalize |
Display:

Mesh an J
' T'@gtw‘@}
Sagittal vi
Coronal wis
Top view

0

No control

Choosing data measures

CQmpul.uhnal
Neuroscience

Obvious dramatic effect on
scalp map topography:

IC5 /508, Cls 26

But, does this
ICz 1 502, Cls 25 indicate a
difference 1n
function?
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File Edit
L=y =]

Cls 26

Potential (i)

Figure 14: ERP

yiew Tools Desktop  Window  Help

g hleaN® @08 =0

502, Comp.2, normals

I I
MNOMTargetattendl
MNOMTargetattendR (|

Targetattendl
TargetattendR

P
2k
s
1 1 1 1 1 1 1 1 1 1
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Time {ms)

1000

Choosing data measures

Figure 13: ERP

le Edit Yiew |nsert Toaols

FEHE KQAQaNe|E 08 =0

Deskiop  Window  Help

CQmpul.uhnal
Neuroscience

Cls 26 505, Comp 5, normals
2 5 T T T T T T T T T T
T MONTargetattendl [|
MONTargetattendR
Zr Targetattendl
TargetattendR
1.3
1
—. 05
3
T 0
=
z
=]
o -0.35
-1
-1.5
-2
-2.3
| | | | | | | | | |
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Time {ms)
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Choosing data measures

CQmpulalbml

Neuroscience

y Figure 15: Component Spe y Figure 1k&: Component Spectra

File Edit iew Insert Tools Deskiop  Window  Help N File  Edit  Wiew |nsert Tools Deskiop Window Help N

D dES h|RaO®|E|0H = O D& h|RaM®|E|0EH = O

502, Comp.2, normals 505, Comp.5, normals
-3 . T -3 . T

HOMTargetattendl NOMTargetattendl
MOMTargetattendR MOMTargetattendR
Targetattendl Targetattendl
TargetAttendR TargettttendR

Power (10°lag, 5(w¥*/Hz))
Power (10°1ag, 5(w¥*/Hz))

-20 L

Gl 10 15 20 23 3 10 13 20 i
Freguency (Hz) Freguency (Hz)

Spectra are similar,
though different condition effects..
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Choosing data measures

CQmpulalbnal
Neuroscience

Figure 11: ERSP of @ Component from cluster Cl

File Edit iew Insert Tools Desktop  Window  Help ]
Deda&| haame|E 0a|en
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Choosing data measures

3 ;;.—-J Center for

Cumpulalhnal
{ s 26 . 8 stz .1 = x Neuroscience
' Bt Eor Yiew Insen ook 0eskton Window Heo

D@ER& kAaaN@E 0B =0

B¢ Edit  Wiew [nsert  Tools  Desktop  Window  Heip S
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S02, Comp 2, nomaly
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H ‘\_‘_.._ ._h_\_‘\\\/ epen S... 1 |\I|lff/d/
= broadly-matched ICs: use o
THNCCH T RS '
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Precluster schematic
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Precluster: Use singular values from PCA

« {. ’

~ ~
(op (op
o 2 o 2
n g n g
X O X O
W e w &
= = ICs (all subj)
I1Cs (all subj)
Normalized singular values
1
0.9+ ) )
%% Load all ERSP data o7t{ Principal components
- 0.6
%% decompose with PCA
0.5+
%% plot singular values 04
(See code 1n “practicum_10.m”) 0.3f
0.2 10% of max singular value -
0.1
0 L 1 1 1
0 10 20 30 40 50

PCs
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Clustering: K-means

&

. v
. N o

The k-means algorithm is an algorithm to cluster objects into k partitions.

Chisbiational

Neuroscience

* It attempts to find the centers of natural clusters in the data by minimizing the total intra-cluster

variance, or the squared error function:

K
\% =Z Z |Xj'ui|2

1=1 xeS
where there are k clusters S;, i = 1,2,...,k

and u; is the centroid or mean of all

the points.

A drawback of the algorithm is that it has to

be told the number of clusters (i.e. k) to find.

oIf the data is not naturally clustered, you get

some strange results.
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Clustering: K-means

)

Computational
Neuroscience

set clustering algorithm -- pop_clust()

Performing clustering on cluster 'ParentCluster 1'

Clustering algorithrm: Kmeans (stat. toclb...
Murmber of clustars to compute: | 25

W  Separate outliers %¥gt; [N] std.dev. from any cluster center | 3

| save STUDY set to disk ['home/julie/WorkshopSD2007/STUDY /atter

Cancel | Help | Ok, |

nclusts
[STUDY]

EEGLAR error

EECLAE error in function rokust_kmeans()at line 38:

Note: If too many clusters were Error using ==>eval =~

Index exceeds matrix dimansions,
If wou think this is a bug, please sand a detailad
description of how 1o reproduce the problem, with
a (small) test dataset, to eaglab@scen.ucsd.adu

Ok

requested, you may get this error 2

25; % choose # of clusters to create

pop clust(STUDY, ALLEEG, "algorithm®,"kmeans”,"clus num®,nclusts);
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Successful clustering

View and edit current component clusters - pop_clustedit()

Al clustar cantraids
ParentCluster 1 ({181 ICs)

outlier 2 (1 1Cs)
Cls 375 15

Plot scalp maps
Flot dipoles
Flot ERPs

‘cutliar . 1512 1C12)
"Cle 3'comp, 1{501I1C1)

'Cls 3" comp, 2(5051C11)
Tle 3' cormp, 3506 1015

Plot scalp map(s)

Plot dipolais)

Flot ERFs)

Flot spectra
Plot ERSPs
Plot ITCs
Plot cluster proparties

Create new cluster
Rename selaected clustar _J

Mearge clustars

Flot spectra

Flot ERSH =)

Flot ITC(=)

Plot component propearties

Feassign selected componantis)

Femowve salectad outlier comps,

Auto-reject cutlier components

/ home/julie/WorkshopSD2007/ STUDY
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Cluster properties

CQmpulalbml
Neuroscience

Figure 4: Cluster 'Cls 7' mean properties (10 comps).

File Edit ¥iew Insert Tools Desktop  Window Help N
Ded&| k| Qad® |08 0

Cluster 'Cs 7' mean properties (10 comps).

ts 7 Cls 7 {10 ICs, 6 S8 MOMTargetattendl hean ERSP for all group/cond dB
Mean Sca|p 1 MOMTargetattendL | a3 - | 0.6
— — — MONTargetattendR - 04
map |/~ x| Targetattendl | — 3 '
p = 03 — — - TargetattendR i Edl ' 1 0.z Mean
= Co i ] =
= 0 | , 1] | , § 12 i} ERSP
E S
2 g 02| (un-masked)
® s w ]
-0.4
& | 0.6
0 200 400 600 800

-1000 -500 0 500 1000 1500

Cluster dipoles Time (s) Time (ms)
with centroid

NONTargettendl hean ITC for all groupicond uB
a0 MOMNTargetattendL ||
= — — —MOMTargetattendR 33 _ 0.z
¥oeof oo Targetattandl ! Mean
ijé 10 TargetAttand? E;ZD inter-trial
=3 [5)
g 5 17 ° | coherence
= o
5 £ 7 01| (un-masked)
z
o
4 -0.2
o 10 20 30 40 50 0 200 400 600 8O0
Frequency (Hz) Time (ms)
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Cluster properties

Swarzf5 |
Center for

Campul.ubnal

Figure 4: Cluster 'Cls 14' mean properties (5 comps). Neuroscience

File Edit ¥iew Insert Tools Desktop  Window Help N
Ded&| k| Qad® |08 0

Cls 14 Cluster 'Cs 14' mean properties (5 comps).

Cls 14 (5 ICs, 5 58) NONTargetatendl hean ERSP for all group/cond dB
NONTargetatendL | “| Mo
Dz | | = - NONTargstattendR 33
; Targetattandl — 04
o 01 - — - Targetattendr L 4 0z
e o =
5 0 e 1z - 1 Ho
5 = 0.2
£ -0 2 o7 : '
-04
0.z 4 1 -0.6
Some clusters . a
. : : : : 0 200 400 GO0 800
-1000 -500 0O 500 1000 1500 .
may be artifact Tima ine) Time (ms)
components!
- . NONTIargEWItendL , hean ITE for all group/cond de
20 MOMTargetattendl | = oE
= 15 — — — NONTargetattendr || i
I wl Targetattendl 01
"L, — — - TargetattendR o
% 5 T 0.05
= =
g U 2 0
_ 48]
= =
= : g -0.05
z 1 L
S -0.1
5
_20 -0.15

0 o 40 50 0 200 400 00 800
. . Fraguency (Hz) Time (ms)
Outside the brain volume
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Exercise

 Novice
- Use the GUI to build a STUDY (for practice, try just a few
subjects).
- Choose 'precompute’ options (but do not recalculate for
the sake of time).
- Choose 'precluster' options and cluster.

 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 Intermediate/Advanced exercises can be found
in .../EEGLAB_WORKSHOP/Scripts/practicum_10.m
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