EDA-Analysis Documentation

This documentation serves the purpose to illustrate concrete steps to analyze EDA data from
an exemplary study with the EDA-Analysis App from Tobias Otto. The App computes EDA
results from raw data acquired with Biopac or Brainvision systems. Every study-specific step
outlined below should be checked for each new study, if it is equally applicable or not.

Here are the study details for the exemplary fear conditioning data set, which are needed for
the analyses. You can find the exemplary files along with two additional data sets in a separate
folder.

In general, after the presentation of a fixation cross, a / B TRIAL STRUCTURE
picture of a context appears for 3s, then, the
conditioned stimulus (CS; lamplight either shining in
blue or yellow) is presented within the same context for
6s. In case of a CS+ during fear acquisition training, an
electrical stimulation (unconditioned stimulus, UCS)
can appear immediately afterwards for 100ms (in 5 out
of 8 trials).

9.125-11s

Participants undergo different phases habituation acquisition extinction
within the fear conditioning paradigm.

During habituation, 2 CS+ and 2 CS-
are shown. Without any break, fear cs+
acquisition training starts with the
presentation of 8 CS+ and 8 CS-. The
first and last CS+ trial within fear CS-
acquisition training is always coupled
with the UCS. Within the remaining 6
CS+ trials, 3 trials are coupled with the UCS, thus, in total, 5 UCS applications take place.

After a short break, extinction training starts in a new context with the presentation of 8 CS+
and 8 CS- trials, without any coupling with the UCS.

EDA responses should be analyzed in the following time windows (always with respect to trial
start at context onset; please note that the onset of the EDA is usually delayed by 1s):

e response to the context: 1-3.99999s

e response to the CS: 4-9.49999s (in this case, 1s delay was reduced to 0,5s, since the
response to the subsequent UCS can start earlier)

e response to the UCS: 9.5-13s

The respective time windows should be carefully selected for the specific experiment and the
specific experimental phase!
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EDA data acquisition is realized in Acknowledge and results in two .mat files for each
participant:

vp001_acq: EDA data for habituation and fear

acquisition training

vp001_ext: EDA data for extinction training

4\ Import Wizard m} X
Select variables to import using checkboxes
@ Create variables matching preview.

Create vectors from each column using column names.

Create vectors from each row using row names.

Variables in C:\Users\Christian\Desktop\examples EDA-Analysis\vp001_acg.mat

Import Name = Size Bytes Class 1
FEMEE s2563201 3405056 double || 1 24326 %
isi 1x1 8 double 2 24326
isi,uni”. 1x2 4 char 3 24326
[ labels  1x12 24 char 4| 24326
Hon Joowe |5 s
6 24326
7 24326
< >|| 8 24326 ~
Help |k Next > [[] Generate MATLAB code | Cancel

Presentation of the design is realized in MATLAB and results in two .mat files for each
participant with details regarding trial timing to identify the stimulus onsets in the EDA data:

Once you have installed the EDA-Analysis App, it
appears in Matlab under the heading APPS, a simple
click opens the following GUI:

vp001_startl_trialDef:
EDA data for habituation
and fear acquisition
training
vp001_start2_trialDef:
EDA data for extinction
training

note: you have to take
care that your specific
trial definition file
matches the needed
requirements to be used

4\ Import Wizard - O x
Select variables to import using checkboxes
® Create variables matching preview.
Create vectors from each column using column names.
Create vectors from each row using row names.
Variables in C:\Users\Christian\Desktop\examples EDA-Analysis\vp001_start1_trialDef.mat
Import Name « Size Bytes Class 1 2 3 4
EH numTrials - 8 double 1 100719 30,1213 50.1877 70.2369
recardingSystem 1x7 14 char
[ spos 1x7 5460 cell
Esamleate 1x1 8 double
[=5}stimOnset | 1x20 160 double
[ trialsep %21 168 double
[ trialstart 0x0 0 double
[ trialstop 0x0 0 double
< >
Help < Back Next > ] Generate MATLAB code Cancel

4\ MATLAB R2020b - academic use

& 868 a =]

Signal Analyzer

Design Get More Install Package EDAANalysis
App Apps App App
FILE
& MATLAB App = o X
No data loaded. Please select "Load raw data” or "Load EDA data” to start your analysis
Trial number
1
Computed EDA
09+ Time in s with reference to
stimulus onset and trial start
08
07k
06
Delete selected
L Merge with previous
oar Spitselected | (New ¥
File handlin
03 “
Load raw data
021
Load EDA data
01t Save EDA
0 1 1 1 1 1 1 1 Export EDA (Excel/MATLAB)
0 01 02 03 04 05 08 08
0 X 1 Recompute EDA
Change scale of Y axis | Parameters for EDA Analysis - Derivation Method Parameters for EDA Analysis - Peaks Method
Comments :.ETL:IGIUS Neat Trial
: - Min width in seconds to define start 0.5 Start of time window in seconds 0 "’
Aﬁ\ Min heightin S to define start = 0.01 End of time window in seconds.
= Extt
/ Min peak width in seconds | 0.1 Enable start and end time for all trials
Lo Version 5.3, 09.07.2021
www.C0g psy.rub.de tobias. otto@rub.de
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On the right side, under file handling, click on Load raw data and select in the new window
your EDA raw data to be analyzed, in the exemplary case, vp001_acqg. Click on open, then,
you are prompted to select the respective trial definition file, in this case

vp001_startl_trialDef, click on open.

Select EDA file X
1 <« Deskt.. > examples EDA.. v [$] £ “examples EDA-Analysis” du..
Organisieren = Neuer Ordner = o @
~ - - ~
& OneDrive Name Anderungsdatum Typ
% . A
™ Dicser PC i vp001_acq 16.01.2020 12:54 MATLAB Data
vp001_ext 16.01.2020 13:04 MATLAB Data
¥ 3D-Objekte . _ _
vp001_start1_trialDef 16.01.2020 12:53 Data
= Bilder | yp001_start2_trialDef 16.01.2020 13:02 Data
I Desktop 1 yp002_acq 13.02.2020 15:15 Data
=l Dokumente %1 up002_ext 12.02.2020 15:16 MATLAB Data
& Downloads ¢ 1° 5
Dateiname: |vp001_acq v‘ MAT-files (*mat) v

Select trial definition file (*m or *.mat) X
1 <« Deskt.. > examples EDA. v ] A~ "examples EDA-Analysis” du.
Organisieren > Neuer Ordner = O @
~ - - ~
= Dieser PC Name Anderungsdatum Typ
B 3D-Objekte % vp001_acq 16.01.2020 12:54 AB Data
=) Bilder £ vpoo1_ext 16.01.2020 13:04 MATLAB Data
I Desktop t vp001_start1_trialDef 16.01.2020 12:53 MATLAB Data
“ - 0 12 IATLAB
= Dokumente . vp001_start2_trialDef 16.01.2020 13:02 B Data
vp002_ac 13 15:15
¥ Downloads L P
vp002_ext 13 20 15: -
b Musik .
e K >

Dateiname: |vp001_start1_trialDef

In case you have different datasets saved in
your raw data file, you have to select the
appropriate input (EDA data) in the next
window. Otherwise, simply click on select and
exit while Analog input is selected.

&
I
O
X

Select dataset for EDA Analysis

The selected file contains more than one recording or unknown names.
Please select the recordina with valid data!

Analog input

Select and Exit

The App then combines the information from the recorded EDA data with the information given
for stimulus timing and stimulus names in the trial definition file:

4 MATLAB App

C:\Users\Christian\Desktop\examples EDA-Analysis\vp001_acg.mat
18.3660

Stimulus | Os
17.5236

16.6811

15.8387

14.9963 | AN o~

Volts
/

14.1538 S—

13.3114

12.4689 -

11.6265

1 1

Tnial: 1 of 20
Computed EDA

Time in s with reference to
stimulus onset and trial start

1.205s | 1.208s | 1.791uS

N\ Delete selected
Merge with previous

— . Split selected New ¥

File handling
Load raw data
Load EDA data
Save EDA

J Export EDA (Excel/MATLAB)

10.7841
0

1 1 I
22277 4.4554 6.6831

10.07s (global start time)

89109 11.1386
Trial time in s

Change scale of Y axis Parameters for EDA Analysis - Derivation Method

+ -
5
PSYCHOLOGY
www.cog.psy.rub.de

Min width in seconds to define start 05
Min height in pS to define start | 0.01

Min peak width in seconds 0.1

Parameters for EDA Analysis - Peaks Method

Start of time window in seconds 0

End of time window in seconds

Enable start and end time for all trials

L
17.8217 20.0494
(global stop time) 30.12s

1 L
13.3663 15.5940

Recompute EDA

Previous

Comments Trial Next Trial

Exit

Version 5.3, 09.07.2021
tobias.otto@rub.de

Please make sure to adjust all following settings in the beginning for the specific experiment
and ideally save them as a screenshot, in a separate documentation file or in the comments,
so that you are able to remember them correctly at all times!
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As default, the analysis time window is set to begin with 0s and end with 5s with respect to
stimulus onset (in this case, context onset; red line, everything in the blue line is not analyzed).
You can change this setting by using other values (in this case 15s for end of time window) in
the tab Parameters for EDA Analysis — Derivation Method and then click on Recompute EDA.

With a click on Enable start and end time for all trials, these settings will be saved for all trials.
Please check if the other default values also apply for you before you start:

e Min width in s to define start: 0.5
¢ Min height in uS to define start: 0.01
e Min peak width in s: 0.1

You can change the scale of the y-axis anytime without chaning the results with a simple click
on + or — at the bottom left corner.

At the right upper corner, you can see the currently displayed trial (in this case Trial 1 of 20).

In the comments, you can insert any information you wish to include for the whole dataset,
which will be consistently displayed in all trials.

In the GUI, the red line represents the stimulus onset (in this case, context onset), the first
green line the CS onset (in this case CS-) and the second green line the onset of the possible
UCS (in this case, no UCS is given, noUCS_CS-).

C:\Users\Christian\Desktop\examples EDA-Analysis\vp001_acqg.mat
Trial: 1 of 20
18.3660 —

Computed EDA
Stimulus | Os
Time in s with reference to
stimulus onset and trial start
1.205s | 1.205s | 1.791uS
16.6811 | 4.802s | 4.802s | 0.667uS
6,647 | 6.647s | 0.470pS
9.6125|9.612s | 0.511p8
15.8387 - 11.470s | 11.470s | 0.722uS

17.5236

»

~ / \, Delete selected
\ \ Merge with previous

—_— Split selected New ¥

14 9963

Volts
T

141538

T
—

13.3114 File handling

Load raw data
12.4689

Load EDA data

11.6265

Save EDA

Export EDA (Excel/MATLAB)

10.7841 1 1 1 1 1 1 1 1 J
22277 44554 6.6831 89109 11.1386 13.3663 15.5940 17.8217 200494

Trial time in s

10.07s (global start time) (global stop time) 30.12s Recompute EDA

In the example, the implemented algorithm has identified five relevant EDA amplitudes in the
given time window (0-15s), illustrated within the five boxes starting from the trough and ending
with the peak of the respective response. Below the Trial number, you can find more details
for the five computed EDA responses. For example, the first EDA response is characterized
as beginning 1.205s after stimulus onset and trial start (identical in this case) with an amplitude
of 1.791puS.

With a click on Previous Trial or Next Trial at the right lower corner, you can switch trials and
judge the computed EDA for every trial.
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Let’s have a look at trial 2, which does not seem so straightforward as trial 1:

C:\Users\Christian\Desktop\examples EDA-Analysisivp001_acqg.mat

The first (and third) response seems to actually
consist of two superposed responses with no clear
second minimal turning point, so that the algorithm
cannot disentangle the two responses. In this
case, you can split the EDA response by selecting
the respective computed EDA at the upper right
corner and then click on Split selected. You can
use the cross appearing in a new window zooming
in the respective response to indicate the point on
the line where the response should be splitted.
Usually, this should be the case at the saddle
point, where the right curve turns into a left curve.

19.2468 —
Computed EDA
Stimulus | 0s
18.3023 Time in s with reference to
stimulus onset and trial start
1.707s | 1.707s | 2.225)S
17.3577 4.931s | 4.931s | 0.493p3
9.524s | 9.524s | 1.321uS
16.4132
\\
. 15.4687 - / \ -\_ Delete selected
- 4 —
= L Merge with previous
14.5242| \ / —
L/ — T~ i ™~ Split selected New ¥
135797 File handling
Load raw data
12.6352
Load EDA data
11.6907 Save EDA
Export EDA (Excel/MATLAB)
10.7462 1 1 1 1 1 1 I I ]
0 22296 44592 6.6888 89184 11.1480 13.3776 15.6072 17.8368 20.0664
30.12s (global start time) Trial time in s (global stop time) 50.19s Recompute EDA

Tnial: 2 of 20

(4] Split selected EDA

Please select position where

to split the EDA

145 -

185

25

45

A click on the respective point on the line splits the response and the new responses are
displayed together with the updated information on the computed EDA.

C:\Users\Christian\Desktop'examples EDA-Analysis\vp001_acq.mat
19.2468

Stimulus | 0s
18.3023

17.3577

16.4132

15.4687

Volts

14,5242

13.5797

Trial: 2 of 20
Computed EDA

Time in s with reference to
stimulus onset and trial start

1.707s | 1.707s | 1.3954S
3.451s | 3.461s | 0.820pS
4931s | 4 931s | 04938
95245 | 9.524s | 13218

Delete selected
Merge with previous

Split selected New ¥

File handling

Next to Split selected, the option New should be used for any new complete analyses, the
option Old for analyses started before July 2021. Using the option Old leads to a slightly
different split of the response with a gap between offset and onset of the two responses. If you
are not satisfied with your split, you can click on Recompute EDA leading to the initially

computed EDA result for this trial.
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Other available options are to delete the selected response (for example, in case of obvious
movement-related distortions) or to merge the selected response with the previous response
(usually not needed at all).

Attention! Splitting responses should be realized in a consistent way throughout the whole
dataset and independent of CS trials.

Since analysis time windows end at 13s, all responses starting after 13s can be neglected.

Another example from trial 8:

C:\Users\Christian\Desktop\examples EDA-Analysis\vp001_acg.mat
Tnial: 8 of 20
211181
Computed EDA
20.0008 prmulus 15 Time in s with reference to
stimulus onset and trial start
3.044s | 3.044s | 3.008uS
18.8835[- 9.265s | 9.265s | 2.674uS
17.7662 |-
\
/ A\
o 16.6489 \ //’ Delete selected
s / - -
= / Merge with previous
15.5316 Ve -
/ ~— "
— / Split selected New ¥
_—
LAARE | File handling
F—
Load raw data
13.2970
Load EDA data
121797 Save EDA
Export EDA (Excel/MATLAB)
11.0624 1 1 1 1 1 1 I 1 ]
0 22277 44554 6.6832 89109 11.1386 13.3663 15.5940 17.8218 20.0495
150.43s (clobal start time} 12 [TT200S (alobal stop ime) 170 435 Recompute EDA

Both responses are problematic if you look at the onset and what they might represent. The
first response starts at 3.044s and would be qualified as a response to the context (see time
windows above). But this is again a superimposed response: within the response to the
context, the response to the CS starts, which would be counted as response to the context as
a whole if nothing was changed. The same applies for the second response, which is also
superimposed, although not that obvious. But still the right curve turns into a left curve at some
point. The second response starts at 9.265s and would be qualified as response to the CS
(see time windows above). In this trial, a UCS was administered, without any change, no
response to the UCS would be registered.

Thus, both responses should be splitted as indicated above, leading to this display:

C:\Users\Christian\Desktopiexamples EDA-Analysis\vp001_acq.mat
Trial: 8 of 20
211181
Computed EDA
Stimulus | Os -
20.0008 F Time in s with reference to
stimulus onset and trial start
3.044s | 3.044s | 1.863uS
18.8835[ 46575 | 4.657s | 1.143pS
9.265s | 9.265s | 1.5050S
10.617s | 10.617s | 1.172uS
17.7662 |-
; N\
/ »
/ \
. 16.6489 \ — Delete selected
s /
= / Merge with previous
15,5316 7/ =
/ S~
~—— / Split selected New ¥
—
AR File handling
—
Load raw data
13.2970F
Load EDA data
121797 Save EDA
Export EDA (Excel/MATLAB)
11,0624 1 1 1 1 1 1 ] I J
0 22277 44554 6.6832 89109 11.1386 13.3663 15.5940 17.8218 20.0485
150.43s (global start time) Trial ime in s (global stop time) 170.48s Recompute EDA
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If a.” trials are inSpeCted, the Save Workspace Variables X
Changed EDA flle ShOUId be Saved 1 « Deskt.. > examples EDA.. v [$] 2 “examples EDA-Analysis” du...
by CIICkIng On SaVe EDA In the Organisieren v Neuer Ordner B= - 0
section File handling on the right. o - - ~ T - R
A new window will appear with a | =™ . B
. . # 3D-Objekte vp001_acq 16.01.2020 12:54
suggestion of a new file name as  Bilder 1 vpo01_ext 16012020 1304 MATLAB Data
.mat file, so that the raw data are 9 Desktop © | vp001_start1 tiaiDef 5012020 1253 MATLAB Data
. . . = t vp001_start2_trialDef 16.0 ) 13:02 M ) Data
not overwritten (simply extending &l Dokumente - R o B
. B Dawnlnads he
the name with _EDA Result). povmion
. - - . DEYGLE =ARvP001_acg_EDA_Result -
Click on Save and the respective ateityp: AT EnaD >
EDA results will be saved.
~ Ordner ausblenden _ Abbrechen
You can also load EDA_Result

files afterwards by using the option Load EDA data in the section File handling.

Export EDA result to Excel X
TO eXport the EDA reSUItS Wlth 1 « Deskt.. > examples EDA... v | O O “examples EDA-Analysis” du...
respect to the time windows, Click | o .iceens  Newer oriner =-. @
on Export EDA (Excel/MATLAB). R A Name - Anderungsdatum o
A new V_VlndOW WI” ap_pear Wlth a # 3D-Objekte Es wurden keine Suchergebnisse gefunden.
suggestion of a new file name as = Bilder
Xlsx file (using the file name of the I Desktop
EDA data). Click on Save leads to o M ;
a new window, where the time — .
windows for analyses should be Dateityp: | (590 v

inserted as indicated there.

A Ordner ausblenden Abbrechen

4. Coose time window(s) for exporting the EDA data to Excel - O X

Enter one or more start and stop times in seconds separated by a colon in a comma separated list or leave the field empty to select the whole trial.
To create Excel files with a specified time range and the whole trial use the keyword "all”

E.g.: 1:2, 2.6:3.5, 0:1.56 --> creates three Excel files with the time range 1s to 2s and 2.5s to 3.5s and 0Os to 1.5s
E.g.: 5.5:7, all -->creates two Excel files with the time range 5.5s to 7s and the whole trial
E.g.: click OK -> creates one Excel file with the whole trial

Cancel

For the exemplary data, this would be 1:3.99999, 4:9.49999, 9.5:13

A click on OK creates for each
time window a new .xlsx and a
new .mat file with the respective
results. Within each time window, M8 vp001.acq_ts-4s

E vp001_acq_ Ts-4s.xlsx

examples EDA-Analysis v QO 2 “examples EDA-Analysis” durchsuchen

v
~ Name Anderungsdatum Typ GroBe

Microsoft Excel-Ar.. 14 KB

ATLAB Data 3KB

first response in a given time _ -
) j ) ) vp002_start1_trialDef 2

window, which is obviously not vp0O1_ext 16.01.2020 13:04
identical in each case with the

maximum response).

the maximum response only will B85 vp001_acq_45-955 rosoft Excel-Ar.. 5 ke
be included in the results. In case £l vp001_acq_4s-05ssx Date Ko
. B vp001_acg_9.55-13s Microsoft Excel-Ar... 16 KB
of more than one response in a -
given time window, only the 1/ vp001.acq_EDA Result
. . % vp003._
maximum response will be -
printed, be aware that this can be £ up003 start2_ialDef
. #| yp003_start1_trialDef 2KB
handled differently (e.g. some ! yootz et -
researchers always refer to the #1 vo002.acq 3337 kB
#| vp002_start2_trialDef 2KB
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Opening the file vp001_acq_4s-9.5s.xIsx (or the respective .mat file), you can find three rows
indicating trial number, the maximum EDA response and the time (with respect to stimulus
onset) of the respective response (which should always be within the indicated time window 4-
9.49999s). In different tabs, different compilations of the stimuli are given. In case only one
trial order is used, the tab Sheetl should work: simply copy the second row (if you are
interested in the maximum EDA response; if you are interested in the latency of this response
occurring, then copy the third row) into your statistical analysis software and make there the
classification of the trials to CS+ and CS-.

vp001_acq_4s-9.55 - Excel cal - ] x
Seitenlayout Formeln Daten Uberpriifen Ansicht Q Was méchten €~ tun? Anmelden Q_ Freicohen
M1 Y
> 3{, ' = = . @ Stancard M [E Bedingte Formati &= Einfi IR 4
D Calibri -1 A A | =E=E%- =, tandar edingte Formatierung E infiigen 7
By - G2 - 94 ooo | EfP Als Tabelle formatieren ~ | &X Loschen ~ - O~
Einfiigen I . === 3= - =
'g ~ F K U _ v A == = E= w o QZellenfDrmaworlagen' &1 Format - g -
Zwischenablage & Schriftart 1 Ausrichtung 1 Zahl IF] Formatvorlagen Zellen Bearbeiten ~
Al = S || Trial v
A B C D E F G H J K -
1 |Trial _| 1 2 3 4 5 6 7 89 10
2 maxEda 0,666632612 0,49251206 1,3880996 0,744346225 0,80933211 1,07860746 0,41787268 1,5045166 0 1,72094355
3 time(Stin 4,802 4,931 4,388 4,802 4,409 5,639 4,735 9,265 0 4,642
4 -
» Sheet1 | CS+ | CS+_ active | CS- | CS-_active | C5+5 | C'... (B 4 »
Bereit | 0 - ] + 100%

If you have different trial orders, you can still use this procedere, classification of trials to CS+
and CS- should then be realized for each participant and phase anew. But you can also make
use of the different tabs given, for example, the tab CS+_ active (CS-_active) displays all
responses to the CS+ (CS-) in ascending trial order.

vp001_acq_4s-9.5s - Excel = = jm} x

Seitenlayout Formeln Daten Uberpriifen Ansicht QW chten Sie tun? Anmelden {Qr Freigeben

= X%

™ Calibri - <A K ===%- g |standard | L = e e & EGiEED = 2, ‘%T p
Eg ~ EZ? Als Tabelle formatieren - E Loschen ~ =
Einfugen F K U - .| & A-| === 3= - .0 0 &8 00 o Sortieren und Suchen und
. ~ = = — == == o 0 QZellenformawnrlagen [X] Format ¥ Eiame  Aussalilsne
Zwischenabla... Schriftart 5 Ausrichtung 5 Zahl n Formatvorlagen Zellen Bearbeiten -
Al - S || Trial v
A B C D E F G H | J K L -
1 .Trial l 2 4 5 8 10 12 13 15 17 19
2 |maxEda 0,49251206 0,744346225 0,80933211 1,5045166 1,72094355 0,840995239 1,79416308 2,16369629 0,289103572 1,9708505
3 time(CS+) 1,9144421 1,7826327 1,3924302 6,2483986 1,625435 1,2493965 2,0614237 6,4594361 1,9844265 1,8154181
4 | CS+ active 1 1 1 1 1 1 1 1 1 1
5
» | Sheet1 | CS+ | CS+_active | CS- | CS-_active | CS+S | CS+S_active ‘ @ q »
Bereit = o = 1 + 100%

To stay within the example: Responses to the context (which does not change) are captured
in the file vp001 _acq_1s-4s.xIsx in tab Sheetl. Responses within the UCS time window are
captured in the file vp001_acq_9.5s-13s.xlIsx in the tabs UCS_active (five responses to the five
UCS), noUCS_CS+_active (five responses to the UCS omission in CS+ trials, two from
habituation, three from fear acquisition training) and noUCS_CS-_active (ten responses tot he
corresponding time window for the ten CS- trials, two from habituation, eight from fear
acquisition training).

In the documentation folder, you can find in total three datasets (vp001l-vp003) and the
corresponding EDA results, so that you can try everything by yourself and compare your
analyses with mine. Note: Vp003, trial 15 acq: second responses splitted, so that this obvious
response to the UCS (starting a bit early with 9.404s) will be counted as UCS and not as large
response to the CS.

Christian Merz, Version 1.1, 23.07.2021



