STUDY clustering overview

1. Build a STUDY

2. Create STUDY design

3. Precompute data measures
4. Precluster data measures
5. Cluster data measures

6. Plot/edit clusters
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__ Cancel | Ok |

Create study
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when using STUDY vs single dataset
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Build a STUDY

Help

Import data

Load existing dataset

Load existing stucdhy

axisting dataset:
(hew)
dataset” (old)

‘l{data epochs) else
(continuous data)
Jedit dataset info)

a2 Aatacath

Browse for datasets

Memoaory and other options

Qi
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Build a STUDY, cont'd

v
/

I Swartz

I Center for
Computational
Neuroscience

Best done by a script
at command line.

Example scriptin
Tutorial 7 (STUDY
scripting)

Select by rv.

] — |

AN H o

M H 9

-] | S e ®mckEr

- - ',:55 | Mame | Date modified Type
-] ] = | |Ignore.set 11/8/20097:06 M SET File
| [ ] [ | Memorize.set 11/8/20037:06 PM  SET File
| N | Probe.set 11/12/200910:02 ..  SET File
] \_|

] A
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Edit dataset info

ct components

1%

W Keap anly in-brain dipolas,

Sternberg

Sternberg

Select by rv.

C\Wsers\ulie\Documents\Worl - n Memorize All comp.
C:A\sers\julie\DocumentstWaork - n Ignore All comp.
CUsers\ulie\Documents\Waorl - 501 n Frobe All comp.
C:A\Users\julie\DocumentstWaorl - n Memaorize All comp.
C\Usersyulie\Documents\Waorl - n Ignore All comp.
C:A\Users\julie\DocumentstWaorl - n Frobe All comp.
CA\Users\julie\DocumentstWarl - IMemarize All comp.
C:AUsers\julie\DocumentstWarl - S03 Ignare All comp.
CA\Users\julie\DocumentstWarl - Frobe All comp.
C:\Wsers\julie\Documents\Warl - n
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ICs to cluster

v
/

I Swartz
Center for
Computational
Neuroscience

Sternberg

Sternberg

Select by rv.

Asersijulie

Alsersijulie
Alsershjulie\D

Asershjulie I Memaorize

AlJsershjuligh Ignare

Asersijulie! Probe

Alsersijulieh . Mermaorize

Alsershjulie\D i Ignore
Asershjulie . - Frobe
C:\Users\julig\D :
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STUDY

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

etc:
preclust:
cluster:
changrp:

saved:

>>

STUDY structure

'Sternberg'
'Sternberg'
[1x39 struct]

'stern.study'’

245~
entel

Computational
Neuroscience

'C:\Users\julie\Documents\Workshops\Mallorca\STUDY'

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

[]
{'ignore'
[3x13 double]

'memorize'’

'probe'}

[1x1 struct]
[1x1 struct]
[1x1 struct]

More STUDY structure

details in Tutorial 7

[1x71 struct]

!yes \
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STUDY clustering overview

1. Build a STUDY

2. Create STUDY design

3. Precompute data measures
4. Precluster data measures
5. Cluster data measures

6. Plot/edit clusters
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1x2 unpaired

Patients Controls
Group A
1x2 paired
Stim A Stim B
2x2 paired
Stim A Stim B
Drug A
Drug B

Experimental design

2X2 unpaired

Patients Controls

Old Group A

Young

2x2 paired & unpaired

Patients Controls

Drug A

Drug B
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Create design

- &

&%:‘7

[+ NS EEGLAB v9.0.0.0b

File Edit Tools Plot 0L Datasets Help

. Edit study info
—STUDY set: —— " rai study design(s)

Study filename: ...s/daz:  Precompute channel measures

Study task name Plot channel measures
Wb of subiects

A — Precompute component measures

o

Edit STUDY design -- pop_studydesign()

Status Fre-clustered

Total size (Mb] 8.2

1x3 design

Figure 3: Channel ERP

¥b of sessions Measure Product clustering >
Nb of groups PCA clustering (original) =
Epoch consistency Edit/plot clusters

Channels per frame ﬂ

Channel locations vesg

Clusters 1

File Edit View Insert Tools Desktop Window Help

» DEde h RLODEA- 2 0H a0

ERP - CZ, ignore ERP - CZ, memorize ERP - CZ, probe

2 2 2
s
=0 ] 0
z
52 -2 -2
[=)
o
-4 -4 -4
“000 0 1000 000 0 1000 000 0 1000
Tire (ms) Tirne (rms) Tirme (rms)

Select STUDY design
STuDY.designt

| Selectall subjects 2 |

Independent variable 1
condiion B
duration il
init_index [
init_tirme:

inset s
load L4

Ind. var. 1 values
ignore
memorize

nrobe

| Add design ]

| Rename design ]

| Delete design ]

Independent variable 2
P\ -
condition L
duration 1
init_index

init_time y
sol Lx

Ind. var. 2 values

[Gﬂmbine selected values]

[Gomhine selected 1.ralufa-s]

' Paired statistics .

| Paired stafistics 23

| Use only specific datasetsfrials |

' Save the STUDY

|| Delete all datafiles associated with this STUDY design

| Cancel | | Ok |
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Create design

[ it event values - pop_editeventvals = | B - - - -
B eccuas 17180 ool | B € evert values  pop.edievenivaki) Edit STUDY design -- pop_studydesign()
m Tools  Plot Datasets Help k]
Dataset info ) Edit event field values (currently 1303 events) Delete event
[ Eventfields ntinuous -- Rere...— Trial
e —
About this dataset 0 #;E(sec) n;j\:\?
Channel locations 510133 Number of Ttime: ] IDT d“m n
Select data 1 Uncertainty 2 :
Seec dotausing verts | 1903 event fields | |_Du=en signt | Add design ]
Select epochs or events 250 . L. Uncertainty2 3
Copy current dataset 0.000 is unlimited Beallne S
RegDur 50000 i
roind o 244028 L= | Renamedesign |
Delete dataset(s) Yes Init_time 00227
ICA weights Yes fatr s [ Delete design ]
Dataset size (Mb) 349
Event Hum
L Insert it < 1 > = Ay o it
e |2 |+ ] | e | Independent variable 1 Independent variable 2
Re-order events (for review only) - |
TYCTPEITM - | (| cick o decressingorter condiion = 3 -
Secondary sorling field o field selected =[] Click for decreasing order duration condition L
Re-sort H 1 1 L 1
init_index duration
Cancel | Help | Ok | |r”t tlme | |r||t |r|d Bx
inset init_time:
= load inset
u Create a new STUDY set -- pop_studyl() ["‘:' £ = —
Edit STUDY set information - remember to save changes ||"|'d Var. 1 'U'H.“Jﬁ'ﬂ ||"|d Var. 2 \"-ﬂ| ues
STUDY set name: Sternberg
STUDY et task name: Sternberg
STUDY set notes:
dataset filename browse  subject sessior condition group Select by r.v.
1 CWlsersijulisWDocuments\iNVar i =M memarize Comp. 3 5. Cla
2 C:WsersWulieWDocumentstiNor, .. S ignaore Comp. 3_5 " Clear . "
— —— — = | Combine selected values | | Combine selected values |
3 CWsersWjulieWDocuments\iar S probe Sy 3 5. Clear
4 C:WserstiulisWDocuments\ivor, ... 502 memarize Comp:5 6...| | Clear : 1 | . - 1 [ : - 1
= — == ill subjects 5 Paired statistics . Paired statistics .
5 CWsersWjulieWDocuments\iar s02 ignore Comp: 5 6. Clear ) i A i A
B CWsersWjulieWDocuments\iar s02 probe Comp: 5 6. Clear ||
7 C:WsersijulieVWDocumentsiNor - 503 memarize Comp: B T .. Clear — -
g CWlsersWjulieWDocuments\WWar 503 ignore Comp: 6 T | Clear | lY ED‘E{:ITIG data-ﬁ&mla'ﬁ ]
g CriWlsersijulisWDocuments\iWar 503 probe Comp: 6 7 .. Clear
10 |CiWUsersvuiieVDocumentstVor | . 504 memorizs comp: 1 2..| cear | |3 all datafiles associated with this STUDY design

Impattant note: Removed datasets will not be saved befare heing deleted from EEGLAE memoary

& Page 1 E

|:| Datazet info (condition, growg, ...) differs from study info. [zet] = Overwrite dataset info.

|:| Delete cluster information (to allovw loading nesy datasets, set nevy componerts for clustering, etc.)

Helgp

Novice EEGLAB Workshor Eept 22581+

the STUDY

| Cancel | | Ok |
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STUDY design examples

Edit STUDY design —- poP:studydesignO

-

Select STUDY design
All stimulus type - non dual subjects only [ Atd vesign
Blank versus other stimulus type - non dual subjects only -
Audio preceeded by different stimulus types ( Rename design J
Audio versus ligh accross sessions - non dual subjects only
Audio versus light accross presentation - non dual subjects only [ Delete design ]
Independent variable 1 Independent variable 2
None None
rou group
/pe stimulusType
presentation presentation
session session
prevevent prevevent
Ind. var. 1 values Ind. var. 2 values
blank nondual
both
ignt
audio - light

| Combine selectedvalues | | Combine selected values |

| Selectall subjects ¢ | Unpaired statistics + || Unpaired statistics

|
J

| Useonly specific datasetsfrials |

|| Delete all datafiles associated with this STUDY design

V' save the STUDY

[ Cancel N Ok

J
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STUDY design examples

Edit STUDY disjgn - poP:study{ggsi_gnO

Select STUDY design
Audio versus |iﬁht all sub'lects [ Add design ]
Blank versus other stimulus type - non dual subjects only -
Audio preceeded by different stimulus types ( Rename design J
Audio versus ligh accross sessions - non dual subjects only
Audio versus light accross presentation - non dual subjects only [ Delete design ]
Subjects Independent variable 1 Independent variable 2
cl None N
rou group
/pe stimulusType

presentation presentation

session session

prevevent prevevent

Ind. var. 1 values Ind. var. 2 values

Dk |

both

light
audio - light

| Combine selectedvalues | | Combine selected values |

| Select all subjects ¢ | Unpaired statistics + || Unpaired statistics $

|
J

| Useonly specific datasetsfrials |

__| Delete all datafiles associated with this STUDY design

V' save the STUDY

[ Cancel N Ok ]
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STUDY design examples

Select STUDY design

Audio versus light all subjects
All stimulus - non dual subjects onl

Audio preceeded by different stimulus types
Audio versus ligh accross sessions - non dual subjects only
Audio versus light accross presentation - non dual subjects only

Subjects Independent variable 1
ci None
c2 rou
c3 YDE
c4 presentation
c5 session
cb prevevent
c7
08
c Ind. var. 1 values
nd2 :
nd3 audio
m I8
nd5 both
ndé light
nd7 dio-light |
nd8

Ed it STU DY_E’ e SEQ}F: E)OApzsitl:l ijge S |g n() Computational

Neu roscience

( Add design )

( Rename design 3

[ Delete design )

Independent variable 2

X

group
stimulusType
presentation
session
prevevent

Ind. var. 2 values

| Combine selected values |

| Combine selected values |

ar
-

| Select all subjects | Unpaired statistics

[ Unpaired statistics A

)}
J

7~

Use only specific datasetsArials |

__| Delete all datafiles associated with this STUDY design

—

V' save the STUDY

[ Cancel N Ok )
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STUDY design examples

Edit STUOLdesivgn - pngstudydesjg_n_O

Center for
Compulatlonal
Neuroscience

Select STUDY design
Audio versus light all subjects i
All stimulus type - non dual subjects only L Aad dadgn J
Blank versus other stimulus - non dual subjects onl
| Rename design ]
Audio versus ligh accross sessions - non dual subjects only
Audio versus light accross presentation - non dual subjects only v
| Delete design )
Subjects Independent variable 1 Independent variable 2
cl None None |
c2 group group
c3 stimulusType stimulusType
c4 presentation presentation
c5 session session
cb prevevent
c7
2 1
.
Ind. var. 1 values Ind. var. 2 values

8335388

| Combine selected values | | Combine selected values |

{

. Unpaired statistics e

_ Selectall subjects

“a»
-

| Unpaired statistics $4

]

[ Use only specific datasetsfrials J 'stimulusType'{'audio’}

|| Delete all datafiles associated with this STUDY design

V' Save the STUDY

| cancel | | Ok )
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STUDY design examples

Edit STUDY disjgn - poP:study{ggsi_gnO

Select STUDY design
Audio versus light all subjects i
All stimulus type - non dual subjects only [ A vesign ]
Blank versus other stimulus type - non dual subjects only -
Audio preceeded by different stimulus ( Rename design J
Audio versus light accross presentation - non dual subjects only [ Delete design ]
Independent variable 1 Independent variable 2
None None
rou group
/pe stimulusType
presentation presentation
session session
prevevent prevevent
Ind. var. 1 values Ind. var. 2 values
o
blank
both
light
audio - light

| Combine selectedvalues | | Combine selected values |

| Select all subjects ¢ | Unpaired statistics + || Unpaired statistics 4

|
J

| Useonly specific datasetsfrials |

__| Delete all datafiles associated with this STUDY design

V' save the STUDY

[ Cancel N Ok ]
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STUDY design examples

Edit STUDY disjgn - poP:study{ggsi_gnO

Select STUDY design
Audio versus light all subjects i
All stimulus type - non dual subjects only [ A vesign ]
Blank versus other stimulus type - non dual subjects only -
Audio preceeded by different stimulus types [ Rename design J
Audio versus ligh accross sessions - non dual subjects onl
H [ Delete design )
Subjects Independent variable 1 Independent variable 2
ci None None
c2 rou qgroup
Ermr T —  StmulusType
bresentation
session session
prevevent prevevent
Ind. var. 1 values Ind. var. 2 values
blank spontaneous
both
ight |
audio - light

| Combine selectedvalues | | Combine selected values |

| Select all subjects ¢ | Unpaired statistics + || Unpaired statistics $

|
J

| Useonly specific datasetsfrials |

__| Delete all datafiles associated with this STUDY design

V' save the STUDY

[ Cancel N Ok ]
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STUDY clustering overview

1. Build a STUDY

2. Create STUDY design

3. Precompute data measures
4. Precluster data measures
5. Cluster data measures

6. Plot/edit clusters
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Precompute data measures

‘ A A \
g y T ey
N Center'for-

Computaﬂona!

% Ny Neuroscience
= ~

EEGLABE vb.0b

File Tools SN Datasets  Help &

Edit stuchy info

—STUDY set: A

Frecampute channel measures

Flot channel measures

Study filename:
study task name Precompute camponent measuras
M of subjeacts
M of conditions
Mb of sessions

Build preclustering array

Cluster compaonents

Mb of groups Editfplot clusters
Epoch consistency Was

Channels per frame 31

Channel locations Was

Clustears 1

Status Feadyto precluster
Total size (Mb) a0, 4
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Precompute data measures

& Center for-
Computational

v .
< .y Neuroscience
-

TIP: Compute all measures so you can test

different combinations for preclustering later

Select and compute component measures for later clustering — pop_precomp() l ] | (=] |_ﬂhl

Pre-compute component measures for STUDY “Sternberg”
V| Compute ERPizpectrumERSP only for components selected by RY (=et) or for all components (unset)

Lizt of meagures to precompute

o ERP= Baseline ([min max] in ms) [-2000]
J Poswver spectrum Spectopo parameters Test
4| ERSP2 T
| Timelfreq. parameters ‘cycles', [3 0.5], 'nfregs’, 100 Test
S TCs
+|  Scalp maps
PR 'alpha', .01
Recompute even if present on disk will ComPUte

significance, but

Help Cancel |

time-consuming

[STUDY ALLEEG] = std precomp (STUDY, ALLEEG, 'components'’, ..
'erp', 'on', 'rmbase',6[-200 0] , 'scalp', 'on', 'spec',..
'on', 'specparams',{}, 'ersp', 'on', 'erspparams',..

L

{'cycles',[3 0.5] , 'nfregs',100, 'fregs',[3 70] ,..
'alpha',0.01}, 'ite', 'on');
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STUDY clustering overview

1. Build a STUDY

2. Create STUDY design

3. Precompute data measures
4. Precluster data measures
5. Cluster data measures

6. Plot/edit clusters
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Precluster the data

EEGLAE vb.0b

—STUDY set: A

File Tools Sl Datasets  Help .

Edit stuchy info

study filename:

Frecompute channel measures

Flat channel measures

study task name
M of subjects

Precompute component measures

Build preclustering arrasy

Mb of conditions
M of sessions
Mk of groups

Cluster components

Edit/plot clusters

Epoch consistency
Channels per frame
Channel locations

Clusters

status

Total size (Mb)

Ve s
31

Ve s
1
Pre-clusterad
32.4
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Precluster the data

e i} _
‘ Select and compute component measures for later clustering -- pnp_precl...l — | (=] |_i&]
- Build pre-clustering matrix for STUDY set: Sternberg nter for
~ Computational
o =elect the cluster to refine by sub-clustering (any existing sub-hierarchy will be owverwritten]) Neuroscience

ParertCluster 1 (336 1Cg) -

Mate: Only meazures that have been precomputed may be uzed for clustering.

Measures Dims. Horm. Rel. Wht.

| zpectra 10 J 1 Fred.range [Hz] 323
ERP= 10 1 Tirmerane [me]

| dipoles 3 7 10
zcalp maps 10 1 Use channel values - Absolute values

| ERSPz 10 v 1 Time range [me] 0600 | Freq. range [Hz] 330
ITC= 10 1 Time rande [me] Ered. rEnge [HE]

Final dimensions 10 Help

Uze Measure Product clustering

Help Cancel | Qk

parentclust = 1; % cluster 1 is 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,..
'weight',1l, 'timewindow',6 [0 400]},{'scalp', 'npca',10, 'norm',1, 'weight',k1,..
'abso',1l},{'dipoles', 'norm',1, 'weight',10},{'ersp', 'npca'’,20,..
'freqrange',[3 30] ,'timewindow',6 [0 600], 'norm',1l,'weight',1},{'itc"',..
'npca', 6, 'freqrange’',[3 30],'timewindow', [0 400] , 'norm',1l, 'weight',61});
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Choosing data measures

‘\ "';-"él

"~ 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?

IC2 /502, Cls 26 IC5 / 80§, Cls 26
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Cls 26 -8 sets - 11 components (11 dipoles)
File Edit ¥iew |Inse

12 dipoles:

Plot one iJ

RV: 2.02%
Ktal -2
Y tal: -12

No controls

Choosing data measures

Computatlona!
Neuroscience

Obvious dramatic effect on
scalp map topography:

IC5 /505, Cls 26

But, do they
perform the
same functions?

Novice EEGLAB Workshop, Sept 22, 2011, Mallorca, Spain: Julie Onton — STUDY Intro



Choosing data measures

Computatlona!
Neu roscience

Figure 14: ERP Figure 13: ERP

File  Edit Tools Desktop  Window Help

le  Edit Yiew |nsert Tools Desktop Window  Help

DeE& hRaAaO® (€ 08 =0 EEE K QRaM®| ¢ 0H =8O

Cls 2 502, Comp.2, normals Cls 26

MONTargetattendl 2.5
MOMTargetattendr ||
Targetattendl 2
TargetattendR

505, Comp.5, normals

I I
MOMNTargetsttendl ||
MOMTargetattendR
TargetAttendl
TargetattendR

1.5

1

Potential (i)
Potential (p)

1 1 : 1 1 1
100 200 300 400 500 600 700 G0o0 300 1000 100 z0oo 400 500 600 700 G00 300 1000
Time {ms) Time (ms)

ERPs seem different...
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Choosing data measures

Figure 1&6: Component Spectra

¥ Figure 15: Component Spectra
Eile Edit  iew Window  Help L File  Edit  Miew

N d& h|Rame || 0H = O

505, Comp.a, normals

Insert  Tools  Desktop  Window  Help N

Insert  Tools

Neda Maams|E| 0E =O

Desktop

502, Comp.2, normals

-5 r -3 T
MOMTargetattendl MOMTargetattendl
MOMTargetattendR MOMTargetattendR
Targetattendl Targetattendl
TargetattendR . TargetAttendR
L 10t 4
[ad)
3
=]
=3
=
=
T -15¢ 1
[}
o
20 1 1 \ -20 L 1

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

Spectra are similar, but they have

variable responses to different conditions...

Novice EEGLAB Workshop, Sept 22, 2011, Mallorca, Spain: Julie Onton — STUDY Intro



Choosing data measures

Figure 11: ERSP of @ Component from cluster Cls 26

File Edit “iew Insert Tools Desktop Window Help ]
DeE& haRaq® €| 08|80
Cls 26 Comp. 2, NOMTargetAttendL, normals, 302 Comp. 2, NOMTargetAttendR, normals, S02 Comp. 2, TargetAttendL, normals, 302 Comp. 2, TargetAttendR, normals, 302 oe
2
33 ! 33— ! 33 : 32 !
e - =
-—
20 20 ] 20 - — c0f  — P52
o
S 12 12 - 12 -
E: L]
g -
w7 7 7
-2
4 S - ‘
. . . L . y -4
0 500 1000 0 500 1000 0 500 1000
Time (ms) Time (ms) Time (ms)
ERSPs have some similar features :
Deda&| kRaq®|E| 08|sD
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 = 1 37— — 1 ekl - 1 3
—_— —
-
20 - 1 20 1 20 — 1 20 e
‘KI“ -
T
& 12 - A 12 g 12 - 1 12 1
5 1]
= -
g 7 ] 7 ] ] 7 ]
- 2
4 ] 4 ] 4 ] 4J ]
] 500 1000 ] 500 1000 ) 5 1000 ] 500 1o0a -4
Time (ms) Time (ms) Time (ms) Time (ms)
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Fle Edit ¥iew Insert Tools

Deskiop

tEds k|eame e 0E|=sO

Mindew  Help

502, Comp.2, normals

-5
NONTargetatiendL
——— NONTargetattendr
TargetettendL
~ TargetéttendR
T -0
q
i
%
g
7oas
& W
20
5 10 15 20 25
Frequency (Hz)

Choosing data measures

What data measures

should you use?

It depends...

File

Edit
Dsde k|aane £ 1H o

508, Comp.5, normals

Yiew Insert Tools Deskiop Wincow  Help

5
NONTargetattendL
NONTargetatindR
Targstatiendl
. Targetatten R
I -0
E
g 15
H
&
-20
5 15 20 25
Frequency (Hz)

* broadly-matched ICs: use

many/all of the measures.

one/few of the measures.

Fle Edit View Insert Tools Deskiop Window Help

DEE& hRAmB|[EIE|[=O

Cormp. 2, NONTargetAttendR, normals, S02

Comp. 2, TargetAttendL, normals, S02 Comp. 2, TargetAttendR, normals, S02 8
4

Cls 26 Cormp. 2, NONTargetAttendL, normals, 502
33 33
20 20
g
g 12 - 12
g -
£ 7

a 500
Time (ms)

1000 0 500

- e e
- -

w - 0l d

| — - |

I

B
- y 4
00

1000 0 1000 ]

Time (ms)

500
Time (ms)

1000
Time (ms)

Flle Edit View Insert Tools Deskiop Window Help

Dede keaw@ e 08 =0
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Neu roscience
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What should clusters look like?

Computatlona!
Neuroscience

ICs clustered
by dipole
location and

ERSP activity
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STUDY clustering overview

1. Build a STUDY

2. Create STUDY design

3. Precompute data measures
4. Precluster data measures
5. Cluster data measures

6. Plot/edit clusters
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Cluster components

(B~
<
% Ny Neuroscience
"‘J

How to determine number of clusters?

EEGLAE vib.0b

Try the average number of ICs per subject.

File Tools AN [Datasets Help u

Edlit studly info Then adjust up or down from there.

Frecompute channel measures

—STUDY set: Al

Study filename: Plot channel measures

Study task name Frecompute component measures

i ™
. _ ) = 2 i p—(p=l
Mk of sub) 2 cts Build preclustering array B et clustering algorithm — pop_clust() [ | g
Mk of conditions e X
' Cluster components
Nb of sessions . Performing clustering on cluster "ParZinciuster
Mb of groups Editfplat clusters
Epoch consistency was Clustering slgorithm: Kmeans (stat. toolhox) -
Channels per _frame 31 Mumber of clusters to compute; 24
Channel locations e S |:| Separate outliers (enter std.) 3
Clusters 1
status Pra-clusterad Hel Cancel | ok |
Total size (Mb) 32.4 - =£ anee :
& = .

nclusts = 24; % choose # of clusters to create (no 'right' answer)

[STUDY] = pop clust(STUDY, ALLEEG, 'algorithm', 'kmeans', 'clus num',6 nclusts);
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STUDY clustering overview

1. Build a STUDY

2. Create STUDY design

3. Precompute data measures
4. Precluster data measures
5. Cluster data measures

6. Plot/edit clusters
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Plot/edit clusters

I Swartz
I Center for
Compu(ational

euroscience

"Cls 2' comp. 1 (501 I221)

ParertCluster 1 {336 IC=) "Cls 2' comp. 2 (503 1221)
Cls 2(17 ICs) 'Cls 2' comp. 3 (503 1C25)
Cls 3 (6 ICs) 'Cls 2' comp. 4 (504 1019

Plot zcalp maps Plot zcalp map(s)
Plot dipoles Plot dipolel=s)
Plot ERP= Params Plat ERPi=]
Plot spectra Params Plot spectra
Plot ERSPs Plot ERSP(=])

Params
Plaot ITC= Plot ITC(s)

Plot cluster properties Plot component properties

Create new cluster Reassign selected component(s)

Rename selected cluster Remove selected outlier comps.

Merge clusters Auto-reject outlier components

Cancel | Ok |
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Plot cluster data

Center for-
Computaﬂonal
Neuroscience

\ N

- ™
n View and edit current component clusters -- pop_clustedit{) l = M

study name: "Sternberg’ (336 of 336 components clustered)
Select cluster to plot Select component(s) to plot Plot mean scalp
All cluster centroids - 'Cls 2' comp. 1 (S01 1C21) -~
ParentCluster 1 (336 ICs) = 'Cle 2' comp. 2 (S031C21) = maps for easy
Cls 2017 ICs) 'Cls 2' comp. 3 (S03 1C25) reference
Cls 3 (6 ICs) - 'Cls 2' comp. 4 (504 1219) -
Plot scalp maps B Fgure : Average scalp map or e
Plat dipoles DEEE[PLD
Plclt EHFIE \werage scalp map lor al clusters
| Cls 2 (10 Ss, 17 ICs) Cls 3 (B 5,6 ICs) Cls 4 (4 S5, 5 ICs) Cls5 (5 85,7 ICs) Cls6 (5 S5, 91Cs)
w O © & O
Plot ERSPs
F'In‘t ITCS | Cls7 @35, 111Cs) Cls 8 (0 Ss, 14 ICs) Cls9 (13 85, 151Cs) Cls 10 (@ 35, 111Cs) Cls 11 (12 85,17 ICs)

Plot cluster properties

U
@
L,
&
C

Cls12(10 8¢, 16 1Cs) Cls 13 (10 85,12 1Cs) Cls 14 (11 8s, 21 ICg) Cls 15 (13 B¢, 21 ICs) Cls 16 (B 55,11 ICs)

Create new cluster

@
@
©
©
3

Rename selected sluster

Cls 17 (10 Ss, 14 I1Cs) Cls 18 7 55,15 ICs) Cls 19 (12 85,17 ICg) Cls 20 (11 3¢, 17 ICs) Cls 21 (10 85,15 1Cs)

Merge clusters

O
L
C
>
@

Cls 22 (11 35,12 ICs) Cls 23 (11 85,19 ICs) Cls 24 (10 Ss, 16 ICs) Cls 25 (10 3s, 16 ICs)
l. — — @ ‘ @
f O — T —
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Plot cluster data

Center g
C&mputafk:nal
= euroscience
n View and edit current component clusters -- pop_clustediti) l =1y |_-I;E_J
Study name: "Sternberg’ (336 of 336 components clustered)
Select cluster to plot Select component(s) to plot | Choose which
Cl=9{141Cs) e All components y
Cls 10 {10 ICs) S01 101 3 components
Choose Cls 11 {17 1Cs) =01 120
a cluster [[LEEIS(ISICS] 2 502 1C5 2
Flot scalp maps e IOE SCEIR MERIEY
Fllﬂt E:IIFIICI|E=S u Figure 8 E@ﬁ
File o
Flot ERPs Params nEhE ®o -
Plot spectra Params
Cls 12 (10 Ss, 13 1Cs) 501413 S01ic20 S02fich
Plot ERSP=s
Params
Plat ITCs —_—

Plot cluster properties

Create new cluster

Rename selected cluster

CILE

s

o |

Help

Reassign

Auto-reje

Femove g

Cal

Novice EEGLAB Workshop, Sept 22, 2011, Mallorca,

& & @®

S02/ic12 S02fic1s S04/ic4

@ &G

S08/ics S08/ic1s 5104ic2

=05/ic7

R RCRUR

S06/ic19

S11ic12 512/icE

& &

y
L
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Plot clusters

-
View and edit current component clusters -- pop_clustedit()
Study name: "Sternberq” (336 of 336 components clustered)
Select cluster to plot Select component(=) to plot
..... Cls11(171Cs) »
............................................................................... SI:I1 II:.1 3
B Cls 12 - 10 sets - 13 components (13 dipoles) o o[ e | 501 1C20
:E po e W - 502 1C5 -
alp maps | Plot scalp map(s) |
14 dipoles:
e lipoles | Plot dipole(s) |
[ KeepiNext ERP=s Params Plat ERP(s)
: :z : : pectra Params Plot spectra
ey e & “RSPs Flot ERSP(s
| Hepbrer flp ' Params | (s)
sor,ci: N ITCs Plot ITC(g)
Ry 1.58% r properties
¥tal 12
Yotal 31
Ztal 38 zw cluster Reassign selected compaonent(s)
Display: ected cluster Remove selected outlier comps.
| Meshon Auto-reject outlier components
— Cancel Ok
| Ho controls | ,




Plot ERPs

/-
/

I Swartz
I Center for
Compu(ational
euroscience

Cl=11 (17 IC=) All componernts

Cls13 {12 ICs)
Cls 14 {17 ICs) -

Plot scalp maps
Plot dipoles
Plot ERPs
Plot spectra
Plot ERSPs
Plot ITCs

Plot =calp map(s)
Plot dipoleis)
Plot ERP(=)
Plot spectra

ESEEET)

e (= pp=jte = = e [ |
Create new cluster e
Rename selected cluster
B

Merge clusters
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Plot cluster ERP

Compumlonal
Neurosc ience

i ™

File

|

hed& 220

Cls 22 ignore memorize probe

5 ] ]

%

Z 0 0 0R

= :

=

o
-5

200 0 200 400 200 O 200 400 200 0 200 400

5 | 1 5

Time (ms) Time (ms) Time (ms)

Each blue trace is the ERP of a different component
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Plot cluster spectra

/-
/

I Swartz
I Center for
Compu(ational
euroscience

Cls 11 (17 IC=) All componerts

Cls 13 {12 ICs)
Cls 14 {17 ICs) -

Plot zcalp maps

Plot scalp mapis)

Plot dipoles Plot dipaleis)
Plat ERPs Params Plot ERP(s)
Plot spectra Plot spectra

Flot ERSPs
Plot ITC=

Plot cluster properties “
FlE s calEEREn Then - ]

sl

Create new cluster

Rename selected cluster

Merge clusters

Cancel | Ok |
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Plot cluster spectra

3 "4‘4{ C:m;;uta:ﬂ;‘aln
\ﬁv, Neurosc ience
. o
File o

hedsg &2 0
ignare memorize probe

M
=
M2
=
M
=

Lo ]

r
=

Pawrer (10*log, ngﬂfH rd),

10 20 30 40 10 20 30 40 10 20 30 40
Frequency (Hz) Frequency (Hz) Frequency (Hz)

Each blue trace is the power spectrum of a different component
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Plot cluster ERSPs

v
/

I Swartz
Center for
Computational
Neuroscience

Clz 11 (17 ICs) Al components

Cls 13 {12 ICs)
Cls 14 {17 ICs) -

Plot scalp maps

Plot =calp map(s)

Plot dipoles Plot dipoleds)

Plot ERPs Plot ERP(s)
Plot spectra Plat spectra
Plot ERSPs Plot ERSP{s)

Plot ITCs
Plot cluster properties

-200 1200
330

Create new cluster

Rename selected cluster

Merge clusters

| )

EE N E

Cancel | ok |

I
il
=
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Plot cluster ERSPs and ITC

'@&iﬁ&t .
Swarti?’}‘ )
enter for

Compumlonal
euroscience

Not masked for significance

File Edit View Insert Tools Desktop Window Help N
NEEdS | b RATDEL- |02 ad
Cls 25 ignare memarize probe dB1 ,
/(. L1 1
L 13; 131 13
& 11 11¢ 11
ERSP S ol ol 9 0
3
8 Tp Tt : 7
I :
51 ] 51 : ] 5 08
A - ' . : - 2 A 5
-400200 0 200400600800 -400200 0 200400600800 -400200 0 200400600800 %17
Time (ms) Time (ms) Time (ms)
Cls 25 ignore memaorize probe ITc
24 = i 24
[ = 0.16
N 4E!
L 13} 13 13
|TC o 11} 11 11 0.11
& 9 9 9
= Tr 7 7
2 0.07
5¢ 5 5
0.02

“A00200 0 2004006800800 400200 0 200400600800 “AQ0200 0 2004006800800
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Remove outlier components

e Chioiasona:
> Neuroscience
View and edit current component clusters -- pop_clustedit()
Study "Attention”: 181 of 181 components clustered
Select cluster to plot Select component{s) to plot
| Cls 6(31Cs) [ a] :
i B S0l ICE E
. U
[2] Figure 3 BIEIE] 5061017 ~
File Edit ¥iew Insert Toals Desktop Window Help Plot scalp mapis)

DEzES| RAQAM®|(L|0B|=5 0

Cls 17 average scalp map, 355 ic14/507

ic33/507

ic23/504 icB0SS10

Plot dipolels)

rams | Flot ERF ) |

rams | Flot spectra |

[=/B]x]

Cls 1. - 3 sets - 4 components (4 dipoles)

Fams

File Edit Yiew |nsert Toalss, Deskiop  MWindow Help
DEEE| QM@ | 08|50
5 dipoles:

Plot one
Keap |Naxt
Texct
—Au 1o Pres

Keep|Prev |

Reas

Rermn

1 _______
IC14, 507

Ry 0.965%
¥tal: -46
Y tal =25
Ztal: 46

L fjulie/ Works||

felp

Display:

Mash on

Tight view
Sagittal view
Coronal vieﬂ

Top view

Jallorca, Sp

No controls




Remove outlier components

Vv R i (R I Sv

View and edit current component clusters — pop_clustedit()

Cls 13(5 ICs) All components
Cls 14 (11 I1Cs) S07I1C14
Cls 15 (2 1Cs) SO71C33

Cls 16 (6 |Cs

Plot scalp maps

Plot scalp mapis)

Flot dipoles
Plot ERPs

Flot spectra
Plot ERSPs
Plot ITCs

Plot cluster properties

Create new clustar

Rename selected cluster Femowve selected outlier comps,

Merge clustars AlUto-reject outlier componants
FhomefjuliefworkshoplEe/ Ssubjects fWSstudy, study

artz

Center for
Computational
Neuroscience
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Remove outlier components

& Chy{}
Computaffonal
Neuroscience

f

W

) View and edit current component clusters — pop_clustedit()

Study ™ 151 of 151 components clustered

Select cluster to plot Select component{s) to nlot

Cls 17 (3 ICs)
] Sl ey

Cls 19(14 |Cs

Cle Ie (e ICs) ‘_

Qutliers Cls 17 20 (1 ICs) T

Plot scalp maps

Plot scalp mapis)

Flot dipoles Plot dipola(s)
Plot ERPs Params | Plot ERR(s)

Plot spectra | Params | Plot spectra |
Plot cluster proparties | |

Create new cluster | Reassign selacted componant(s) |

Rename selected cluster | Remowve selected cutlier comps, |

| Auto-raject outlier components |

] save STUDY set to disk | Jhomefjuliefworkshople/ Ssubjects fiWSstudy. study

Cancel Help | Ok |
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Reassign component

(B~
<
% Ny Neuroscience
"‘J

Figure 5

If you want to manually reassign

Eile  Edit

D& hRaM®(E DB O

Wiew Insert  Tools Deskiop  indow  Help

a component to another cluster...

Figure &

Cls 13 (10 1Cg, 8 53) icessig ic14/502

Eile  Edit

D& hRaM®(E DB O

Wiew Insert  Tools Deskiop  indow  Help o

=0 &2 Cls 5 (7 ICs, 7 S5) icd/501 ic5/504

ic7/507 iC5/508 icd/512 iC5/512 @ @
@ % @ % a a

iC16/513 ic2/514 @ @
@ Q ic2/510 iCB/S12 i£3/515

® @
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Reassign component

Computaﬂonal
e Neuroscience

View and edit current component clusters -- pop_clustedit()

Study "Attention”: 181 of 181 components clustered

Select cluster to plot Select component{s) to plot

Cls 15 (4 [Cs) E All componeants Reassign cluster - from pop_clustedit()
Cls 19010 ICs) B
Cls 20017 ICs) = S021C14 .
Cle 217k ICsY | 505101 Reassign currently selected component
Plot scalp maps | Plot scalp map(s) | from Cls 19 to the cluster selected below
Plot dipoles | Plot dipolels) | Cls 4
Flot ERPs | Params | Flot ERF{s) | B
Flot spectra | Params | Flot spectra | Cls 7
Flot ERSPs | Flot ERSHs) |
Pa
Plot ITCs R Plot ITC(s) |
Flot clustar properties | Plot component properties | Cancel | Ok |
Create new cluster | Reassign selected componeant(s) |
Fename selected cluster | Remaove selectad outlier comps, |

| Auto-reject outlier components |

_| Peava STURY settadisk i home/fjulie/WorkshopSD2007/ STUDY

Cancel Halp | Ok |
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Select cluster to plot

View and edit current component clusters -- pop_clustedit()

Study "Attention”: 181 of 181 components clustered

Reassign

Select component

Cls 4 (8 Cs) All components
Cls 5 (5 ICs) S0 1C4
Cls & (3 1Cs) 02 1C2
Cls 710 1Ch [504 [C5
Plot scalp maps Plot scalp
Plot dipoles Plot dipagy
Plot ERPs Flot ERS
Plot spectra Plot spe
Plot ER5Ps Plot ERS
Plot ITCs Plot T4

Plot clustar properties

Plot component

Create new cluster

| Reassign selectad

Fename selected cluster

| Remaove selected g

| Auto-reject outlie

] Save STUDY set to disk

Cancel

|,-fhome,-fjulie,.fWorks hopSDZ007 |

Halp |

component

) Figure 7

Eile  Edit

D& k| aan® | 08 =0

Wiew Insert  Tools Deskiop  indow  Help

Cls 5 (8 1Cs, 8 53) a0

ico/s04

ic1/506 iceds1o icB/st12

®®@

Successful reassignment

Center for-
Computaﬂonal
Neuroscience

= | I8 |

icessig

ic1/506

L

ic3/s15
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Rename a cluster

N Center for-
% Computaﬂonal
&Q?_‘:v Neuroscience

View and edit current component clusters -- pop_clustedit()

Name your cluster of interest

Study "Attention”: 181 of 181 components clustered

) Figure 7 — || =3

Select cluster to plot Select component| fie Edit View Insert Tools Desktop Window Help e

Cls 4 (8 IC All t .
SR z corics o D@ A& MRAN®|EDE| DO
Cls & (3 1Cs) S02IC2
Cles 710104 S04 |CE _ .
Flot scalp maps Plot scalp Cls 5 (& ICs, & Ss) ic4/501 ic2ss0z
Plot dipoles Plot dipagy
Flot ERPs Params |
Flot spectra Params | |
Plot ERSPs Rename Cls 3
Plot ITCs JCaramsg " Mid—central

ico/s04 ic1/506

L

ic1/506 iceds1o icB/st12 ic3/s15

®®@

Plot clustar properties

Craate new clustar | Re Cancel Ol

Fename selected cluster | Remmor=—erecreag
| Auto-reject outlie

_| Peava STURY settodisk i homefjulie/\WorkshopSD2007

Cancel Halp |
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Create a new cluster

- &

A

Center

Computaﬂonal
Neuroscience

You found a bunch of 'outliers' that seem well-matched

) Figure 4

File Edit Yiew |Insert Tools Deskiop  Window  Help

D& k| aan® | 08 =0

outlier 2 (12 1Cs, 7 58) ic1/501

(@

ic18/501

ica/s07 ic13/507 ice3/508

@& >

ic17/509 ic11/510 ic3/s14

® @

@

: ';r

ic13/501

@

ic22/506

@

ic31/508

St

ic13/514

O

File  Edit Miew |nsert Tools Desktop  Window  Help

D& kRame |08 =0

Right motor 26 (4 1Cs, 4 53) ic18/501

ic17/509

ic114310 ic3/s14

Create a new cluster...
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Create a new cluster

I Swartz
Center for
Compu(ational
Neuroscience

View and edit current component clusters -- pop_clustedit()

All cluster centroids s011C18
ParentCluster 1 (1581 |Cs 06 1C22
outlier 2 (% 1Cs) 507 1CE
Cls 374 |C< SOF 0TS
Flot scalp maps Flot scalp map(s)
Plot dipoles Plot dipolels)
Flot ERPs Flot ERFs)

Plot spectra Plot spectra

Plot ERSPs Plot ERSFs)

Plot ITCs o
Flot cluster propeartias

Create new empty cluster - from pop_clustedit() — O X

Create new cluster Right motor

Fename selected cluster J

Merge clusters
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Create a new cluster

Center for-
Computaﬂonal
Neuroscience

1

View and edit current component clusters -- pop_clustedit()

W

Study "Attention”: 181 of 181 components clustered

Select cluster to plot Select component{s) to plot
All cluster centroids s011C18 -
FarantCluster 1 (181 ICs) w e L2, B

altlier 2 (3 [Cs) s07 1C8

Cls 374 |C< Bt | SOF 0TS 4

Plot scalp maps | Plot scalp mapis)
Flot dipoles /| Flot dipole(s)
| Params | Flot ERF{s)
File Edit Wiew Inzert Tools Desktop Window Help k] |

D& k|eane|E 08| =0 Plot ERSF(s)

|
|
|
Params | Flot spectra |
|
|
|

Plot ITC(=)
outlier 2 (12 1Cs, 7 Ss) ic1/501 ic13/501 e Flot component properties

@ . g ter Feassign selected component(s)

ic18/501 ic22/508 uster Remaove selectad outlier comps, |

@ g Aut ) Reassign cluster - from pop_clustedit()
TGy ey '0295“8 '9315”8 |,.fhome,.fjul|e,fWorl- Reassign currently selected component

/' ’“ I from outlier 2 to the cluster selected below

@) A Cls 25 ]
ic17/509 ic11/510 ico/s14 ic19/514 J Help E:S %? E
s

@ @ @ @ -

Cancel | Ok

Novice EEGLAB Workshop, Sept 22, 2011, Mallorca, Spain: Julie Onton — STUDY Intro



New cluster created

View and edit current component clusters -- pop_clustedit()

Study "Attention”: 181 of 181 components clustered

Select cluster to plot Select component{s) to plot

Cls A% i3 1) |- All components
Cls 26(3 ICs) = SUTTCIZ
Cls 27 (1 ICs) ] 509 1C17

deht motor 28 (4 [Cs) i S0 1T

Plot scalp maps | Plot scalp map(s)
Flot dipoles | Flot di
Flot ERPs | Params | FI
Plot spectra | Farams | Plog Eile  Edit ¥iew Insert Tools  Deskiop  Window  Help
Plot ERSPs — P DEE& h|RaMW® | E| 0B 8O
Flot ITCs | Fld
Plot clustar properties | Flot compg Right motor 26 (4 ICs, 4 S8)
Create new cluster | Feassigh sele
Fename selected cluster | Femaowe seleg

| Auto-raject of

| Save STUDY set 1o disk |,-fhome,-fjulie,-fWorkshopSD2

Cancel Halp |

ic114510

ic3r514

Center for-
Computaﬂonal
Neuroscience

ic18/50

ic17/503
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Exercise

Novice

-Open stern.study and practice plotting the existing clusters
-Try removing outliers ICs or moving to another cluster
-Rename clusters; change plotting parameters... etc
Intermediate / Advanced

- Precluster (using existing design) and cluster components using
measures of your choice.

> How does the number of dimensions and the weighting for
each measure affect the results?

- Choose a STUDY design of your choice and recompute
measures (dipoles, scalp maps, ERPs are fastest; ERSPs will take
several days)

-What are your criteria for a 'good' cluster? Can you imagine a
study design that would change your criteria?

-Are all subjects in all clusters? Is this crucial?
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Supplementary lessons
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Plot STUDY dipoles
-

.' > v > '”é‘

M‘ﬁ‘96 std diopleclusters() variables:

clusters = [3:1length(STUDY.cluster)]; % clusters to plot
title = ‘Cluster Dipoles‘'; % figure title

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

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

cols = hsv(length(clusters));

% std dipoleclusters function call:
std dipoleclusters (STUDY,ALLEEG, ‘clusters', clusters,..
‘title',title,’viewnum',6 views, ‘rowcolplace',plot param,..

‘centroid’ ,’off’, ‘colors’ ,cols);
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ERSP

Power
spectrum

~
o
()
-
|-
S~
()
=
=
Nt

Mean ERSPs

ICs (all subj)

Mean spectra

ICs (all subj)

Precluster schematic

PCA

ERSP
(time/freq)

# PCs

PCA

Power
spectrum

# PCs

Rel. weight

*

Dipole
location

# PCs

ICs (all subj)

' concatenate

ICs (all subj)

# PCs

|

3D dipole position

ICs (all subj)
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ERSP
(time/freq)

;f’ 4 ’ |
L

Precluster: Use singular values from PCA

Mean ERSPs

!

ERSP
(time/freq)

ICs (all subj)

Do it yourself:
- Load all ERSP data
- Decompose with PCA

- Plot singular values
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Find variance of ERSP PCA dimensions
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cond = 1; % experimental condition (corresponds to STUDY.condition)

clear logersp
for ic = 1l:size(STUDY.cluster(l) .sets,?2)
[logersp(:,:,ic), logfreqgs, timevals, params, baseersp] = ..
std readersp (ALLEEG, STUDY.cluster(l).sets(cond,ic), STUDY.cluster(l).comps(ic), [0 1000],[0 40] );
end;
ersp2d = reshape (logersp,size(logersp,l) *size(logersp,2),size(logersp,3));

npcs = 50; % limit the number and speed up PCA

o)

[pc,eigvec,sv] = runpca(double (ersp2d),npcs); % decompose ERSP x ICs
% PLOT the singluar values:

figure; sbplot(2,2,1); plot(max(sv));set(gca, 'xlim', [l size(sv,1)]);
title ('Raw singular values'); xlabel ('PCs');

sbplot(2,2,2);plot (max (sv) /max (sv(:)));hold on;
set(gca, 'xlim', [1 size(sv,1)]):
xlabel ("PCs');

title('Normalized singular values');
plot ([get (gca, 'x1im"')],[.1 .1],'r-');% line showing 10% of max

sbplot(2,2,3); imagesc(eigvec); xlabel('PCs'); title('ERSP templates');

ylabel ('"ERSP time/freq points');cbar;

sbplot(2,2,4); imagesc(pc); title('Component weightings');
ylabel ('PCs'); xlabel('Trials'); cbar;
textsc ('ERSP PCA dimensions', 'title');



