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All changes take effect immediately.
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Move to Top
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Save Close Revert Default

1: Include the eeglab folder in the search
path by clicking ‘set path’.
If you save it, no need to do it next time.

2: go to your working directory, usually
where your data and scripts are. Then type
‘eeglab;’ then press ‘Enter’ on the
command line to open the GUI.

HOME

APPS

E}ﬁ L+ d\?rj J Ll Find Files & E

MATLAB R2017b - academic use
ah Sl
E {0} Preferences é

iz, New Variable
(> open Variable v

| & Analyze Code
é‘? Run and Time

New New New Open |-/ Compare  Import Save Layout Ifj'ZiSetpa(h Add-
Script Live Script v v Data  Workspace @CIearWorkspace v @ClearCommands v v >
FILE VARIABLE CODE ENVIRONMENT

<S> A / » Users » wu » Desktop » RESEARCH » Jia_Matlab_course »
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eglab

> 1012_gonogo.mff Fe 9 "
> 1019_stroop.mff
> AE_1023_EEG_colorgamel.mff
> AE_1023_EEG_colorgame2.mff
> AE_1023_EEG_lettergamel.mff
> AE_1023_EEG_lettergame2.mff

@ ~$EEGLAB_plotting.pptx

' 1012_gonogo.mff.zip
AE_1023_EEG_colorgamel.raw
AE_1023_EEG_colorgame2.raw
AE_1023_EEG_lettergamel.raw
AE_1023_EEG_lettergame2.raw
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= Dracantatinn N2N1T nAF
Details ~

v

Workspace ®




3. Import the data

EEGLAB v14.0.0

JIC Edit Tools Plot Study Datasets Help ™|

Import data
Import epoch info
Import event info
Export

Load existing dataset
Save current dataset(s)
Save current dataset as
Clear dataset(s)

Create study

Load existing study
Save current study
Save current study as
Clear study / Clear all

Memory and other options

History scripts

> Using EEGLAB functions and plugins »

Using the FILE-IO interface
Using the BIOSIG interface

vYvyy

Troubleshooting data formats...

From ASCII/float file or Matlab array

From Netstation binary simple file
From Multiple seg. Netstation files
From Netstation Matlab files

r-

nfo" (data
nfo"
(add/edit
(sAave

lect data"
Re-dect
xtract

s > Remove

n TCA"

N

Manage EEGLAB extensions »

Quit

From BCI2000 ASCII file
From Snapmaster .SMA file

From Neuroscan .CNT file
From Neuroscan .EEG file

From Biosemi BDF file (BIOSIG toolbox)
From EDF/EDF + /GDF files (BIOSIG toolbox)

Import Philips .mff file

"®  ® Choose event type...

Event type field:
(you may select multiple)

description
label
mffkey_age_
mffkey_argu
mffkey_cel
mffkey_colo
mffkey_eval
mffkey_exp_
mffkey_hand

o

Help Cancel




4. Inspect the data
4.1. Dataset information

, |

File Edit Tools Plot Study Datasets Help =~ File Edit Tools Plot Study Datasets Help

& e  EEGLABV40O




4.2. Channel information

Study Datasets Help

Channel locations > By name

By number

Channel data (scroll)

Channel spectra and maps
Channel properties

Channel ERP image

Channel ERPs >
ERP map series >
Sum/Compare ERPs

Component activations (scroll)
Component spectra and maps
Component maps >
Component properties
Component ERP image
Component ERPs >
Sum/Compare comp. ERPs

Data statistics >

Time-frequency transforms >

Channel locations
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129 of 129 electrode locations shown



Figure Display Eim Help

Time range to display‘
Number of channels to display

4.3. Overall data quality

Study Datasets Help "L
Channel locations | 2

Channel data (scroll)

Channel spectra and maps
Channel properties

Channel ERP image

Channel ERPs >
ERP map series 4
Sum/Compare ERPs

Component activations (scroll)
Component spectra and maps
Component maps >
Component properties
Component ERP image
Component ERPs >
Sum/Compare comp. ERPs

Data statistics >

Time-frequency transforms >

Figure Display Settings Help

Channel labels
Zoom off/on

v

New window length (s):

25
{ Help J (Cancel| | Ok |
Number of channels to display:
30

Chan. Time

=

Chan. Time Value

EE E95 8.6388 -16.984

56

Value

| Help [(%I] Wj

Scroll channel activities -- eegplot()
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4 . 4 . S p e Ct ra | ® © ® Channel spectra and maps -- pop_spectopo() ® © ® Channel spectra and maps -- pop_spectopo()
L
p ro p e r‘t I e S Epoch time range to analyze [min_ms max_ms]: 0621526 Epoch time range to analyze [min_ms max_ms: 0621526

Percent data to sample (1 to 100): 15 Percent data to sample (1 to 100): 15 /
Frequencies to plot as scalp maps (Hz): 61022 Frequencies to plot as scalp maps (Hz): 61022 GOA/
Plotting frequency range [lo_Hz hi_Hz]: 225 Plotting frequency range [lo_Hz hi_Hz]: 2100
Study Datasets Help ¥ Spectral and scalp map options (see topoplot): ‘electrodes’, 'off' Spectral and scalp map options (see topoplot): ‘electrodes', off |
Channel locations >
Channel data (scroll) . Help Cancel \ Ok Help Cancel Ok |

Channel spectra and maps

Channel properties
Channel ERP image
Channel ERPs >
ERP map series >
Sum/Compare ERPs

Component activations (scroll)
Component spectra and maps
Component maps >
Component properties
Component ERP image
Component ERPs >
Sum/Compare comp. ERPs

Data statistics >

Time-frequency transforms > 5 10 15 20 25

Freauencv (Hz)

10 20 30 40 50 60 70 80 90 100
Ereauencyv (Hz)

Log Power Spectral Density 1O*Iog10(uV2/Hz)
Log Power Spectral Density 10"log, 0(yVZ/Hz)




5. Preprocessing-nonl|CA

Filtering

Segmentation

Channel rejection and replacement, automatic and manual
Averaged reference

Epoch detection and rejection, automatic and manual

o vk whRE

Baseline correction



5.1 Filtering (and then write down bad
channels

[ JON ) EEGLAB v14.0.0 |

File Edit JKeIJEN Plot Study Datasets Help ~

Change sampling rate
Filter the data > Basic FIR filter (legacy) XX Elisgihedatapon 22athl)
Re-reference

Interpolate electrodes

Reject continuous data by eye

[ SN Dataset info -- pop_newset()

filtered dit descriptiol

Extract epochs
Remove baseline

Run ICA
Remove components

Automatic channel rejection
Automatic continuous rejection
Automatic epoch rejection
Reject data epochs

Reject data using ICA



[ XX )

Before

Scroll channel activities -- eegplot()

Filtering

[ XX

Figure

Display Settings Help

Figure

Scale

Display Settings

Help

After

Scroll channel activities -- eegplot()

Chan. Time Value
E1 3.3315 -38.291




Before Filtering After

0@ Figure 3: spectopo()
File Edit View Insert Tools Desktop Window Help b File Edit View Insert Tools Desktop Window Help
DEgde h RO EL- 3 0B a0 Dgde b AAOPEA- 3 0B O

10 20 30 40 50 60 70 80 90 100
Freauencv (H2)

10 20 30 40 50 60 70 80 90 100
Ereauencv (Hz)

Log Power Spectral Density 10*Iog1 0(,uVZ/Hz)
Log Power Spectral Density 10*Iog1o(uv2/Hz)




5.2 Segmentation: EEG to ERPs

e0e@
File Edit

EEGLAB v14.0.0
Plot Study Datasets

Change sampling rate

Filter the data >
Re-reference

Interpolate electrodes

ject conti s
Reject continuous data by eye LI

Exiract epachs
Remove baseline o

Run ICA
Remove components

Automatic channel rejection
Automatic continuous rejection
Automatic epoch rejection

Reject data epochs >
Reject data using ICA

segmented| Edit description
Browse




[ JOX ) EEGLAB v14.0.0 ece

. . Figure Display Settings Help ~ [ JON ) EEGLAB v14.0.0 |
File Edit Tools Plot Study Datasets Help ~ File Edit Tools Study Datasets Help ~

Channel locations >

Channel data (scroll)

Channel spectra and maps
Channel properties

Channel ERP image

Channel ERPs >
ERP map series >
Sum/Compare ERPs

Before

Component activations (scroll)
Component spectra and maps
Component maps >
Component properties
Component ERP image
Component ERPs >
Sum/Compare comp. ERPs

Data statistics >

Time-frequency transforms >

Chan. Time Value
[ocE] [Eenibes| MM o BB o sesse e |9 g [REEST

Segmentation

00 e EEGLAB v14.0.0 Figure Display Settings Help 2 File Edit Tools Study Datasets Help

File Edit Tools Plot Study Datasets Help ~ Channel locations

Channel data (scroll)
Channel spectra and maps
Channel properties
Channel ERP image
Channel ERPs

ERP map series
Sum/Compare ERPs

After

Component activations (scroll)
Component spectra and maps
Component maps

Component properties
Component ERP image
Component ERPs
Sum/Compare comp. ERPs

Data statistics

Time-frequency transforms

Chan. Time  Value =1
[oavca] [Eentves] EEIE 1+ EIE ¢ aise orew oy LReEer ]




Important

* After you have segmented data,

iew, i
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Plot all ERPs

[ NON J Figure 2: timtopo()
e0e EEGLAB v14.0.0 File Edit View Insert Tools Desktop Window Help
File Edit Tools MHAM® Study Datasets Help ~ Ddde h AN EL- 2 08 a O
Channel locations > 722

Channel data (scroll)
Channel spectra and maps
Channel properties
Channel ERP image -

d e RP d abp
ERP map series > In scalp/rect. array
Sum/Compare ERPs

[ JON ) ERP data and scalp maps -- pop_timtopo()

Component activations (scroll)

Component spectra and maps
Component maps > m
Component properties
Component ERP image

Component ERPs > -

Sum/Compare comp. ERPs

Potential (n.V)

Data statistics >

Time-frequency transforms >

Latency (ms)



5.3 Bad channel rejection (automatic

Scroll component activities -- eegplot()

ece EEGLAB v14.0.0 Figure Display Settings Help

k]
File Editm Plot Study Datasets Help
—#3:seJ Change sampling rate E

Filter the data >
Re-reference

Interpolate electrodes

Reject continuous data by eye

Filenam

Channel

Frames

Evochs | Extract epochs
Events|  Remove baseline

Samplin
Epoch s Run ICA
Evoch ¢ Remove components

Referen : . .
AP Automatic channel rejection

1ca wey Automatic continuous rejection
pataset Automatic epoch rejection
Reject data epochs >

—— Reject data using ICA > e

® © ® Reject channel -- pop_rejchan()

Electrode (number(s); Ex: 2 4 5) 1:120
Measure to use Kurtosis 7]

Normalize measure (check=on)

2-sc0re threshold [max] or [min max] 5

Znae < § - —— ’ ; i : ’ =
e 500 0 500 1000 500 0 500 1000 500 0 500 1000 500 0 500 1000 500 0 500 1000
Help Cancel Ok
Chan. Time Value =
Ciah (e125 1 E1 2168174 -32924 ** [ o

Channels in red are marked as bad channels. However, from visual inspection the channels looked fine.
So | would just cancel the rejection.




5.3 Bad channel rejection (manua

Example: reject channel 17 and 30.

File Edit Tools Plot Study Datasets Help ~

Tools Plot Study Datasets Help ~

Dataset info
Event fields
Event values

About this dataset _
Channel locations

m
=

ONOOG A WN =
B3TTRTER

Select data

Select data using events

Select epochs or events
Copy current dataset Sorol datase

Append datasets
Delete dataset(s) from memory

el | Ok | TR




5.3 Channel interpolation

File Edit

Dataset info -- pop_newset
channel_interpolated Eit description
Browse.

Help ~

Change sampling rate
Filter the data
Re-reference
Interpolate electrodes

Reject continuous data by eye

Select from removed channels Select from removed channels

Select from data channels
Use specific channels of other dataset
Use all channels from other dataset

Select from data channels

Use specific channels of other dataset

Extract epochs
Remove baseline

Use all channels from other dataset

Spherical <

Run ICA
Remove components

_Spherica [

File Edit Tools Plot Study Datasets Help =~

Choose any dataset
that has the full set
of channels

Automatic channel rejection
Automatic continuous rejection
Automatic epoch rejection

Reject data epochs »
Reject data using ICA »

Either after automatic or manual
channel rejection, use this tool to
interpolate the bad channels so
to recover the full 129 channels.



5.4 Averaged Reference

| found out that the reason
‘Automatic epoch rejection’ failed
earlier in the class was because
channel 129 was flat. One of the
probability computation wouldn’t
run. So | moved the averaged
reference here before epoch
rejection.

File Edit Plot Study Datasets Help =~

—#5: ch:

Filena
Channel
Frames
Epochs
Events
Samolin
Epoch s
Epoch ¢
Referen
Channel
ICA wei

Dataset

T

EEGLAB v14.0.0

Change sampling rate

Filter the data

Re-reference

Interpolate electrodes

Reject continuous data by eye

Extract epochs
Remove baseline

Run ICA
Remove components

Automatic channel rejection
Automatic continuous rejection
Automatic epoch rejection
Reject data epochs

Reject data using ICA

>

Nl

[ ) o pop_reref - average reference or re-reference data

Current data reference state is: E129
Compute average reference

Re-reference data to channel(s):

Retain old reference channels in data
Exclude channel indices (EMG, EOG)

Add current reference channel back to the data

Help Cancel

Ok



Averaged

Reference After

Before

[ NON ) Scroll channel activities -- eegplot() [ BON ) Scroll channel activities -- eegplot()
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5.5 Epoch rejection (automatic and manual

[ NON ) EEGLAB v14.0.0 |
2 . [ JON ] Scroll activity -- eegplot()
File Edit Plot Study Datasets Help = Figure Display Settings Help .
—#6: ave Change SamP“ng rate — oK ) Automatic artifact rejection -- pop_autorej() |
Filter the data > ‘
Re-r efe rence Detection of extremelly large fluctuations (channels only)
Filenan Threshold limit (mi 200
Interpolate electrodes resholdimit (microt
Channel . .
Reject continuous data by eye
Frames Detection of unprobable activity (channels or ICA)
Evochs EXtraCt epOChS Do not use these channel indices (default=all)
Events RemOVe baseline Use these ICA components instead of data channels
Samolin Probability threshold (std. dev.) 5
Epoch s Run |CA Maximum % of total trials to reject per iteration 5
Epoch e Remove components
Referel Check box for visual inspection of results
channel Automatic channel rejection
i i i i Hel C: | Ok
TCA wel Automatic continuous rejectlon __nelp__J | _Cance Qg OK ‘
WO Automatic epoch rejection |
Reject data epochs > \
Reject data using ICA > 1
' | Chan.  Time Value 5
M [ 16 E1 -30.0601 -4.1968  °°

* The program will show you all the epochs it thinks are
bad.

* You can make corrections.

* You can also select additional epochs and manually
reject them

* For simplicity you can just use the program
recommended bad epochs.



Before

Epoch

rejection

After

[ JON |
File Edit Tools Pl

Filename: none

Frames per eooch
Epochs

Events

Samplina rate (Hz)
Epoch start (sec)
Epoch end (sec)
Reference

Channel locations
ICA weiahts
Dataset size (Mb)

——#6: averaged_reference

Channels per frame 129

EEGLAB v14.0.0

ot Study Datasets Help ~

1300
240
1236
500
-0.600
1.998
averaae
Yes
No
o2

[ XOX )
File Edit Tools PI

—#7: epoch_reject

Filename: none

Channels per frame 129
Frames per epoch 1300
Events CED
Samplina rate (Hz) 500
Epoch start (sec) -0.600
Epoch end (sec) 1.998
Reference averaae
Channel locations Yes
ICA weiahts No
Dataset size (Mb) 2529

Not much difference because for this dataset, the epochs rejected are
similar to the epochs kept. It would be more different for data that is

more noisy

EEGLAB v14.0.0

ot Study Datasets Help =
ed

Potentia

Potential (1.V)

-500

.
500 1000 1500
Latency (ms)

. .
500 1000 1500
Latency (ms)

Log Power Spectral Density 1O'Iog10(/N2/Hz)

Log Power Spectral Density 10‘|og10(;:V2/Hz)

=)

=)

Freauencv (Hz)

15
Freauencv (Hz)




5.6 Baseline Correction

File EditPIot Study Datasets Help ¥

Frames
Evpochs

Events

EEGLAB v14.0.0

Change sampling rate

Filter the data

Re-reference

Interpolate electrodes

Reject continuous data by eye

Extract epochs

Remove baseline

Run ICA
Remove components

Automatic channel rejection
Automatic continuous rejection
Automatic epoch rejection
Reject data epochs

Reject data using ICA

o Baseline removal - pop_rmbase()

Baseline latency range ([min max] in ms) ([] = whole epoch): -6000
Or remove baseline points vector (ex:1:56):

Note: press Cancel if you do not want to remove the baseline

Help Cancel Ok

Oddly, the program did not
give you an option of creating
a new dataset.

So just remember you have
done it, even though the
name didn’t reflect it.



L 2N )

Baseline

Before Correction After

Figure 2: timtopo()

File

Edit View Insert Tools Desktop Window Help

[ NON ) Figure 3: timtopo()

ODdde b AKRODEw-3 0EH a O

File Edit View Insert Tools Desktop Window Help

Potential (1.V)

-10

-20
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714

1
-500 0 500 1000 1500
Latency (ms)
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714

N
o

Potential (V)
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Latency (ms)




6. Plotting

 After this step, the data is considered clean!

* You can make all sort of observations of the data.



Study Datasets Help
Channel locations [ 2

Channel data (scroll)

Channel spectra and maps
Channel ERP image

Channel ERPs >
ERP map series >
Sum/Compare ERPs

Component activations (scroll)
Component spectra and maps
Component maps >
Component properties
Component ERP image
Component ERPs >
Sum/Compare comp. ERPs

Data statistics >

Time-frequency transforms >

One channel, all
data, all frequency
distribution

Plot individual channel properties, including ERP and power spectrum

® ¢ ® Component properties - pop_prop() ® ) ® Component properties - pop_prop()
Channel index(ices) to plot: " Channel index(ices) to plot: 62
Spectral options (see spectopo() help): ‘freqrange’, [2 50] Spectral options (see spectopo() help): ‘freqrange’, [2 50]
Help Cancel Ok Help Cancel Ok
Channel 11 Channel 62
35.9 31.7
18 15.8
0 0
-18 -15.8
B T ey g 2, . = —a s 31.7
0 500 1000 1500 0 500 1000 1500
Time (ms) Time (ms)
Activity power spectrum Activity power spectrum

0 = =
o o o o »o

-10

Power 10*Iog10(pV2/Hz)
5

Power 10*Iog10(pV2/Hz)
o

L

o

.
L
o

| | |
5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50
Frequency (Hz) Frequency (Hz)




Channel locations

Channel data (scroll)
Channel spectra and maps
Channel properties

Channel ERP image

Channel ERPs
ERP map series
Sum/Compare ERPs

Component activations (scroll)
Component spectra and maps
Component maps
Component properties
Component ERP image
Component ERPs
Sum/Compare comp. ERPs

Data statistics

Time-frequency transforms

T

One or more channels, all
trials all conditions

nVv

Trials

Plot individual channel properties, including single oo0
trial ERPs and the average of all trials

Study Datasets Help

Channel " Figure title
Smoothing 10 Plot scalp map.
Downsampling 1 Plot ERP ERP limits (uV)
Time limits (ms) -1000 1998 Plot colorbar Color limits (see Help)
Sortalign trials by epoch event values.
Epoch-sorting field: Event type(s) Event time range. Rescale Align. Don't sort by value
Don't ot values
Sort trials by phase
Frequency (Hz| .
3
Inter-trial coherence options
Frequency (Hz | minHz maxHz) Signif. level (<0.20) Amplitude limits (dB) Coher limits (<=1) Image amps
(Requires signif.)
Other options.
@8
Help Cancel Ok
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Study Datasets Help ﬂ\

Channel locations

Channel data (scroll)
Channel spectra and maps
Channel properties
Channel ERP image

>

All ERPs from all channels, and
topomap at the highest
amplitude.

Channel ERPs > With scalp maps

ERP map series
Sum/Compare ERPs

Component activations (scroll)
Component spectra and maps
Component maps

Component properties
Component ERP image
Component ERPs
Sum/Compare comp. ERPs

Data statistics

Time-frequency transforms

>

In scalp/rect. array

[ NON ) ERP data and scalp maps -- pop_timtopo()

Plotting time range (ms): -1000 1998
Scalp map latencies (ms, NaN -> max-RMS) NaN
Plot title: ERP data and scalp maps

Scalp map options (see >> help topoplot):

708
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=y
o

w
o

ERPs of All channels, all trials,
separating conditions by color

Potential (V)

Latency (ms)



Averaged ERPs by channel, but not separated by condition

| NON ) Figure 2: plottopo()
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o de_serpt on

AB v14.0.0

od&sa’pt on

Study Datasets Help

File MZIW Tools Plot

o ption
No description

Dataset info

No description

Event fields

No description

Event values

No description

About this dataset

No description

Channel locations

0 1

Select data

o

od:s ption

Select data using events

o

Select epochs or events

ption
No description

Copy current dataset

No description

Append datasets

No description

No description

Delete dataset(s) from memory

No description

o

o d:smpi!on

0

d
No description

No description

No description

No description

No description

No description

No description

No description

No description

No description

Starting from the
‘epoch_rejected’ dataset, do
the same for each condition:
1cong-- The congruent words
before snack

ling-- The incongruent words
before snack

1shp-- The shapes before snack
You will end up with 3
additional datasets, in my case
they are dataset 8, 9, 10. Name
them ‘lcongruent’,
‘lincongruent’, and ‘1shape’.

Dataset 8:1congruent
Dataset 9:1lincongruent
v Dataset 10:1shape




File Edit Tools MHdEI® Study Datasets Help

Channel locations >

Channel data (scroll)

Channel spectra and maps
Channel properties

Channel ERP image

Channel ERPs >
ERP map series >

Component activations (scroll)
Component spectra and maps
Component maps >
Component properties
Component ERP image

COmpOﬂent ERPS > -gil-e'-gdit View Insert Tools Desktop Window Help e
Sum/Compare comp. ERPs DSds b WL0PEL-2 08 =D

Data statistics >

Time-frequency transforms >




Click on any channel and it opens up a new
window

* Shape is discrete and has
and early sharp peak

* The congruent condition
has an early peak, more
blunted, because words
are more complicated
than shape.

* The incongruent
condition has a late peak

because it takes longer to
: o process the conflict
information




8. Time-frequency!

Plot

File Edit Tools Study EBEIEHAS

Dataset 1:AE_1023_EEG_colorgamel
Dataset 2:filter

Dataset 3:segmented

Dataset 4:channel_rejected

Dataset 5:channel_interpolated
Dataset 6:averaged_reference
Dataset 7:epoch_rejected
v Dataset 8:1congruent
Dataset 9:1lincongruent
Dataset 10:1shape

Select multiple datasets

Make the same plot for dataset 8, 9 and 10
We are going to plot channel 11 because it is where we
usually find lots of theta.
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1lshape

Short duration
of theta
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Sorry | couldn’t figure out how to limit the plotting frequency to be below 30 and still get the high resolution.

So ignore anything above 30 H

Z.



Homework

» Keep in mind, we only processed 1 subject. For strong effects you
could see in single subject.

 Work on the lettergame data, focusing on the comparisons between
the following two conditions.
» 1fgo— presnack, food as the background, go trials
* 1fng-- presnack, food as the background, nogo trials

e And tell us what you find in terms of ERPs and oscillation!
* Hint, go/nogo paradigm generates a central-parietal P300 for the nogo trials.
* Since it is a fast paradigm, | would recommend segmentitto-0.1to 1
seconds.



