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1. Introduction to SCP

The slow cortical potential (SCP) is a direct current (DC) potential shift observed in the EEG
when there is cortical activation or de-activation. The SCP reflects the depolarization of large
cortical cell assembilies, reducing their excitation threshold, and typically lasts from 300 ms
to several seconds. The SCP itself does not have an absolute DC level, it is always a “relative”
change from a starting point in the DC potential of the EEG at a given time. The SCP is
measured from that starting point, often described as the DC baseline level.

DC-shifts were discovered in CNV experiments (contingent negative variation) where 2
stimuli are presented to a subject. The initial warning stimulus (S1) activates/prepares the
subject for the following target stimulus (S2) where the subject has to exectute a certain
task. After the warning stimulus the DC-EEG typically shifts towards the negative. This effect
has been replicated in hundreds of studies. It was discovered by the English neurologist W.
Grey Walter and first published in 1964.
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Various researchers wondered in the 1980’s and 1990’s whether one can learn to voluntarily
control DC-EEG potentials. The university of Tibingen in Germany (professor Niels P.
Birbaumer PhD, Ute Strehl PhD and others) have published a lot of research on this topic. It
actually proved to be possible to train the EEG in the DC range, and thus a new form of
Neurofeedback was created, which was not based on frequency based training (e.g Theta,
Alpha, SMR, Beta) but on training the slow cortical potential.

Just like the CNV experiments, SCP Neurofeedback is based on a trial based training
paradigm. Trials are randomized for negative/positive targets and typically last between 6-
10 seconds. Each trial the client is asked to create a negative (cortical activation) or positive
(cortical de-activation) shift in the DC-EEG signal. A single session can contain hundreds of
trials.

In the 1990’s most applications focused on reduction of seizures, but later (Heinrich et al,
2004) applications for attention training were added as well.

This user guide focuses on use of SCP with NeXus and BioTrace+. If you wish to learn more
about the applications of SCP neurofeedback, please refer to the professional literature.
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2. Using SCP equipment

For SCP the following equipment is required:

- NeXus-10 or NeXus-32.

- SCP Sensor

- EXG Ground TP

- Ag/AgCl sintered electrodes
- Nuprep

- Electrogel or Ten20

- Cap

- Earclips

- Adhesive Ag/AgCl electrodes

For SCP a special sensor, the SCP Sensor, is required. This is a two-channel EEG cable which
uses touch-proof EEG connectors. 1 single connection is used as the active positive (RED)
electrode for both channels and 2 separate electrodes are used as negative reference
electrodes. (BLACK).

Besides the SCP Sensor the EXG Ground TP required, for referencing the system. The SCP
Sensor and Ground TP are used with high quality sintered Ag/AgCl electrodes.

SCP Sensor EXG Ground TP

The SCP Sensor is connected to inputs A/B on the NeXus-10 and inputs 25/26 on the NeXus-
32F. The EXG Ground TP is connected to the Gnd input.

NeXus-10 MKII

The NeXus-4 does not support SCP training.

For EOG measurements the EXG Sensor is used, with standard adhesive ECG/EMG
electrodes.

Page 4 of 26




MINDMEDIA

EXG Sensor

The EXG Sensor is connected to inputs C/D on the NeXus-10 and inputs 27/28 on the NeXus-
32. Use the first channel (1) for measuring the vertical EOG. (VEOG).

Placing electrodes
Use sintered Ag/AgCl electrodes, because they offer the best qualities in terms of signal

quality and stability for DC-EEG.

The NeXus SCP Sensor is placed with sintered electrodes on the head, with the red electrode
on Cz, the black electrode (marked with 1) on the left earlobe or mastoid, and the black
electrode (marked with 2) on the right earlobe or mastoid.

+ (positive)

SCP Sensor with EEG Minicap Electrode placement

The ground may be placed anywhere in the head/face or in the neck/shoulder area.
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Placing the VEOG electrodes

Clean the skin gently and carefully around the eyes with NuPrep or a similar product. Use
self-adhesive ECG/sEMG electrodes based on Ag/AgCl. Please notice that the skin below the
eyes can be very sensitive. Please be careful when placing and removing EOG electrodes.
Instead of self adhesive electrodes, sintered electrodes could be used as well

Polarity: note that the red(positive) electrode should always be above the eye and the black
(negative) electrode should be below the eye, as in the picture below.
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3. Using the SCP protocol

MIND

The SCP protocol consists of automated series of positive and negative trials called ‘Runs’. A
run can consist of any number of trials. The default SCP protocol in the software (50%
negative, 50% positive) consists of 3 runs, each consisting of 30 trials. In this protocolevery
run will therefore effectively show 15 negative trials, and 15 positive trials.

The SCP protocol has a number of possible settings, which will be covered later on.

Note: a dual monitor setup is highly recommended.

RN TR

I |
s
[

I AE]

L) e

I“‘-’I—-'-‘. .YN'—

=0
0

A EEG (145 He}

-

.

e ma e W ww W yfjew  arr

Prograss

Show only e suzcesshu ransfer tals

-

SCP Protocol

| HZHbparonaty

p— 3 xM,ﬁ_‘ﬁ

4

T

wer s

- 6 ,I.IIJ_._.ILI_I. |.||I__.l .I_IIT_:lI.II[[Ll.[Llull DI"|I|| I.|.._|_

Ll
= a
: dlilaal. Eﬂnliﬂllhhm..
ﬂ;:-:!].l-"lu"u ".‘!‘l’i.l'.l.l'ul.‘-; .-_...‘ L;l;-'JI.l I\I:v ) n
a8
il
o
-

Explanation of screen objects

# Screen object Explanation

1. Navigation bar Screen navigation bar (more information can
be found in the software manual)

2. Raw signal: EEG raw signal (1-45Hz).

3. SCP signal The SCP training signal. The signal is
baseline-corrected, which will set the signal
go back to zero (0) uV at the start of every
trial. This way the feedback will always start
from a neutral position at the start of every
trial.

4. Trend graph training The inter-session trend of all training trials
(positive and negative)

5.  Trend graph transfer The inter-session trend of all transfer trials
(positive and negative)

6. Histogram training progress All trials of the current session. The full

colored blue bars represent negativity
training trials; the hollow blue bars
represent negativity transfer trials. The full
colored red bars represent the positivity
training trials; the hollow red bars represent
positivity transfer trials. The grey bars on the
zero-line represent any failed trial. (whether
it be negativity or positivity, training or
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Screen object

MIND

Explanation
transfer)

7.

Session control bar

Session control bar (more information can
be found in the software manual)

8.

Frequency spectrum

Frequency spectrum of the raw EEG

Bargraph DC drift

Amount of DC drift.

10.

Bargraph VEOG amplitude

VEOG amplitude.

11.

Bargraph EMG amplitude

EMG amplitude.

12.

Buttons to choose trend display

These buttons allow you to change the data
that is displayed in the training and transfer
trend graphs.

13.

Load 50-50

This button will load the default 50%
negative, 50% Positive SCP protocol. This
protocol consists of 3 runs of each 30 trials.
No transfer trials are included and failed
trials are repeated 1x.

14.

Load client’s settings

The protocol file used for the client the
previous session will automatically be
loaded.

15.

Browse trial files

Browse (custom) created SCP protocol trial
files,

16.

Print SCP report

Directly print an SCP report or an SCP trend
report

17.

Negativity training %Success

Percentage of succeeded negativity training
trials during the session.

18.

Negativity transfer %Success

Percentage of succeeded negativity transfer
trials

19.

Positivity training %Success

Percentage of succeeded positivity training
trials

20.

Positivity transfer %Success

The percentage of succeeded positivity
transfer trials during the session.

21.

Trial duration

Time for every trial

22.

Remaining trials

Number of trials remaining in current run.
The value will automatically adjust itself if a
failed trial is repeated.

23.

% reward period

Set reward time window (in percentage) .
Use the + and — buttons or by entering a
value manually. Click “Set” to confirm.

24.

% negativity trials

Change the ratio of negativity/positivity
trials during a session by changing the
percentage of negativity trials. Use the + and
— or enter a value manually. Click “Set” to
confirm.

25.

% transfer trials

Change the ratio of training/transfer trials
during a session by changing the percentage
of negativity trials. Use the + and —or enter a
value manually. Click “Set” to confirm.

26.

Client training set 1 -5

Change client training screens during the
session.
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Take the following steps to record an SCP session

- Before starting, make sure the client sits comfortably facing the screen. Connect all
sensors as described in the previous chapter.

- Start the SCP protocol by loading the SCP protocol screen. (see above)Go to the
Signal Library, SCP, and select the SCP Protocol screen.

- Switch on the NeXus and start a new recording (#7). Use ‘Signal Check’ to check
signal quality (#1)

- After checking signal 1, 2 and VEOG are good enough to proceed, start the
automated SCP protocol by clicking ‘Load 50-50’ (#13). This will start the standard
SCP protocol.

- The protocol will automatically start with an (VEOG) eye movement calibration. The
client is instructed to look up and down 5 times for the duration of two seconds.-
Please note that if the VEOG calibration is of insufficient quality the software will
request to repeat the procedure.

30 Seconds VEOG test Countdown

Look up, and keep looking up for 2 seconds. Then look down, and
keep looking down for 2 seconds.

Repeat this procedure 5 times.

- After successfully running the eye movement calibration, or disregarding it (not
advised), the protocol will continue automatically. The first run of 30 trials will
commence.

Note: the default protocol setting is to repeat a failed trial 1 time. This means
every run can consist of a maximum of 60 trials.

- Once arunis finished, the protocol will pause, which will allow the client to take a
break. When ready to commence the next run, do so by continuing the session.
This procedure of ‘run’ and ‘pause’ will be repeated until the last run has finished

RUN finished. Press the OK button to
resume the session...

- After the last run has finished, the session will automatically be stopped, and a
session description can be entered.

- A window will appear where you can select the type of SCP report you would like to
generate. (more information on this in chapter 4)
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This Session: print Successful trial results,
This Session: print ALL trial results,
All Sessions: print Successful trial results.
All Sessions: print ALL trial results,

[ oc [N Concel

Training trials

The SCP training trials consist of 3 phases.

- Phase 1: (default: 8 seconds) A feedback screen is shown. The therapist can change
the type of feedback screen in between trials by pressing the client training set
buttons. (see page 8)

- Phase 2: (default: 2 seconds) Depending on whether or not a trial was successful, a
reward screen is shown.

- Phase 3: (default: 0,5 second) A cue screen is shown that prepares the patient for
the next trial (Arrow up for negativity, arrow down for positivity). At the end of this
phase, the signal is baseline corrected for the next trial. (the signal will immediately
return to zero, as seen below at the end of phase 3)

Training Trial
i i
phase 1 phase 2 :phase 31 phasel

Trial #1 Reward Cue

Trial #2
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Transfer trials

The SCP transfer trials consist of 3 phases.

- Phase 1: (default: 8 seconds) A blank feedback screen is shown.

- Phase 2: (default: 2 seconds) Depending on whether or not a trial was successful, a
reward screen is shown.

- Phase 3: (default: 0,5 second) A cue screen is shown that prepares the patient for
the next trial (Arrow up for negativity, arrow down for positivity). At the end of this
phase, the signal is baseline corrected for the next trial. (the signal will immediately
return to zero, as seen below at the end of phase 3)

Transfer Trial

phase 1 phase 2 =phase 3: phase 1
1

1
Trial #2

Trial #1 Reward Cue
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SCP client screens

The SCP protocol offers various client training screens, also including screens where instead
of vertically moving objects (which may enhance VEOG artifacts) expanding objects like
circles are used, which are less likely to induce vertical EOG activity and thus EOG artifacts.
Below you will see the goal for the various client feedback screen-sets. For instance, moving
a dumbbell up for negativity reward, and slowly lowering it for positivity.

Client screenset Negativity Postivity

#1 — Circle zoomer

#2 — Dumbbell
#3 — Flower
#4 — Focus

#5 — Sunrise
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4. SCP Report

The SCP protocol offers an averaged SCP response report for a single session and a trend
report for multiple sessions. For both the single session- as for the trend session-report, an
option is offered to include failed trials.

BioTrace+ Physiological Data Report
MyClinic - ClinicStreet

Q

Conclse Client and Session Information:

Client: Demo Session!
Session: Demao Session!
Date and Time: Demo Session!

Sesslon result for succesful TRAINING trials. [19:[A-B][C] DC-EEG Corrected]. Time: 8 Sec. 256 Samples/Sec.

-0 —

@0 -
R R R RN R R
oa0s onar oo0E”

2I00 ea01 o0 oIaE 2904 o305

Result for succesful TRANSFER trials.

- 1____ _|JII| 1_u.__J._.IJIJ__Il __1 I___I] I "|| II J]_Ijll.lluln JJJ

;o =

1000 =

Analysls of 127 trials/events:

Positvity (POS) [51 Trials] Successful: 29, [56.9%) <<Falled: 22. Excluded: 4.>>
Negativity (NEG) [50 Trlals] Successful: 29, [58.0%) <<Falled: 21. Ewcluded: 5.»=
Pos. Transfer (POS_T) [14 Trlals] Successful: 2. (14.3%) <<Falled: 12, Excluded: 2.>>
Neg. Transfer (NEG_T) [12 Trials] Successful: 2. [16.7%) <<Falled: 10. Excluded: 2.>>
POS NEG Trials: Mot Successful (target missed) [53]
1an - Trials: VEOG over threshold (800.0 pV): [4]
720 _ Trials: EMG over threshold (15.0 pv): [8]
: VEOG Calibration Factor: [0.135]
= S Average DC Drift per Minute: [-4.3 pV]

% Success (on all training & transfer trials)

~Pops faf1~

In this example you can see a total of 127 trials were analyzed (#5). This protocol consisted
of positivity and negativity training trials, and positivity and negativity transfer trials, with a
slightly higher success percentage in negativity trials (#6). As can be seen in the report (#5)
there were a total of 51 positivity training trials, of which 29 successful, 22 failed and 4
excluded (more information in #7). The same output is generated for positivity transfer and
negativity training and transfer trials.
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# Explanation

Client and session information

1

2 Averaged training trials plot
3. Averaged transfer trials plot
4
5

Histogram plot of all training- and transfer trials. Both successful and failed trials
Trial analysis; Amount of successful-, failed-, excluded-, and type of trials.

The trials are color coded:

Red: Positivity Training

Blue: Negativity Training

Pink: Positivity Transfer

Green: Negativity Transfer

Percentage of success on all training and transfer trials for positivity and negativity

o

N

Detailed information on failed and excluded trials.
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5. SCP protocol configuration

The SCP Trial File editor allows for creating custom SCP trial protocols, based on existing trial
(Edit Trial sequence) files or creating fully new trial files (Build new Trial sequence) Trial files
are made up out of various settings. These settings define how many negativity and
positivity trials are generated, how long these trials take, the reward criteria, which screens
are shown, artifact criteria, and many more settings.

[9 BioTrace+ Software for MeXus-10  Screen:<scp-veog-screen.screen> Client: <SCP,New.»

File Screen Configuration ERP/VEP | SCP/Trials | Help

Build new Trial Sequence

Edit Trial sequence

Load Trial Sequence

Trial Analysis/Report

All settings for this set of trials (organized in runs) can be saved under a unique file name for
re-use in future sessions.

Trial editor configuration 1

In thig dislogbox you build a TRIAL based training sequence. Trials are grouped in Runs and
typically last 5-60 seconds. After a succesful trial a reward screen is shown briefly. Set the
parameters below and choose 'Mext >>' to continue. ..

TYPE of TRIAL based training | SCP Trial Based Training ~

Mumber of Runs:

Mumber of Trials per Run:

Trial Duration: Seconds

Reward Pause (in seconds): Seconds

Pause between Runs? | Manual pause between runs ~ |

Auto-resume Run after ... seconds. Seconds

Auditory start-trizl signal (POS): | <nones ~ |

Auditory start-trial signal (NEG): | <none> ~ |

Auditory reward signal | <none: hd |

Apply Artifact Rejection on Trials? | Enable artifact rejection on Trials ~ |

Repeat Rejected Trials? [ Repeat faled mial 1x ~]
T

Setting Explanation

Type of trial based training Currently only offers SCP trial based training.
Number of runs Amount of runs per protocol

Number of trials per run Amount of trials for every run

Trial Duration Duration of each trial, without reward
period.

Duration of the reward period.

Set whether the protocol should pause
between every run or proceed without
pause.

If an automatic pause moment is set, the
software can be set to continue after an x

Reward Pause (in seconds)
Pause between Runs?

Auto-resume run after ... seconds
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Setting Explanation

amount of seconds.

Auditory start-trial signal (pos) Set an auditory file to play at the start of
every positivity trial

Auditory start-trial signal (neg) Set an auditory file to play at the start of
every negativity trial

Auditory reward signal Set an auditory file to play if the reward
criteria are met.

Apply artifact rejection on trials Set whether a trial should be rejected if
during that trial, the artifact criteria are not
met.

Repeat rejected trials Number of time times a trial should be
repeated if this trial is failed, or disable this
feature entirely.

Trial editor configuration 2

Enable VEOG correction? | Enable online VEOG correction ~ |

Reward Period (percent Trial) = last 4.0 Sec. of the trial (8.0 Sec.)

Reward Threshold (microvolt) BV pk-pk

Required Percentage in Target El

Randomize Trial Sequence? | Randomize the trial sequence v

Max repeat in Segquence

% of Positivity Trials %

%% of Negativity Trials %

%o Transfer Trials l:l %

Select Screen Category | System\Screens\[B10]Signal Library{268352960} 1[4 ~ |
Setting Explanation
Enable VEOG correction Enable or disable the VEOG artifact

correction. This setting will correct the SCP
signal for VEOG data.

Reward period (percent trial) Percentage of data that will be used to
define the reward criteria. i.e. Setting 100%
will use the entire length of the trial. Setting
10% will only use the last 10% of the trial,
making it more difficult to achieve a reward.

Reward threshold (microvolt) By default, the baseline value of O uV is set.
Setting a higher value will make it more
difficult to achieve a reward. The setting is
universal for both negativity as well as
positivity training.

Reward percentage in target The percentage of time the SCP signal must
be above (negativity) or below (positivity)
the threshold in order to meet the reward
criteria. For example, keeping the SCP value
above threshold for 10% of the time is easier
to achieve than keeping the value above the
threshold for 90% of the time.
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Setting Explanation

Randomize trial sequence

Set whether the trials should be randomized
or not.

Max repeat in sequence

Maximum amount of negative or postivity
trials in sequence. By default, the software
only allows negativity or positivity to be
repeated 5 times in a row.

% of positivity trials

Percentage of positivity trials, and
consequently the remaining percentage of
negativity trials.

% of negativity trials

Percentage of negativity trials, and
consequently the remaining percentage of
positivity trials.

% of transfer trials

Percentage of transfer trials included in the
training. If set to zero (0), the protocol will
only run training trials. The value set here
goes for both negativity and positivity trials.

Select screen category

Screen folder where the SCP screens for the
protocols are saved.

Trial editor configuration 3

Choose INTRO screen | [A30]scpHntro-screen{33816576} bescr

Choose the VEOG calibration screen | [A70]scp-veog-screend33816576). besar

Start-training screen | [A60]scp-training-start-screen{338 16576} besar

Cue Screen | [A10]scp-cue-screen{338 16576} besar

Select Sereen Set (1-5) [ Edit Screen seT #1

Select POSITIVITY screen | [C10]scp-pos-screen{338 16576} besar

Select NEGATIVITY screen | [B10]scp-neg-screen{33816576} besar

Select POS transfer screen | [C70]scp-pos-transfer-screen{338 16576} besar

Select NEG Transfer screen | [B70]scp-neg-transfer-screen{33816575} besar

Select REWARD screen | [A40]scp-reward-screen{33816576} bescr

Select Run-PAUSE screen [A50]scp-run-pause{338 16576} besar

Select EXIT screen [A20]scp-exit-screen{338 16576} bescr

Select Channel Set MX 10-5CP.channels

Setting Explanation

Choose Intro screen

Screen to be shown as intro screen

Choose the VEOG calibration screen

Screen shown as VEOG calibration screen

Start-training screen

Screen shown at the start of the SCP training
protocol

Cue screen

Screen shown as cue screen. This cue screen
will show the client which task (positivity or
negativity) is about to follow.

Select screen set (1-5)

Client screen set to be edited. For every set,
you can set a positivity-, negativity-,
positivity transfer-, negativity transfer- and
reward-screen.

Select positivity screen

Screen set for positivity trial

Select negativity screen

Screen set for negativity trail

Select pos transfer screen

Screen set for positivity transfer screen
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Setting Explanation

Select neg transfer screen Screen set for negativity transfer screen
Select reward screen Reward screen per screen set

Select run-pause screen Screen shown during pause between runs
Select exit-screen Exit screen shown

Select channel set Channelset used

Trial editor configuration 4

VEOG channel (LP filtered) ‘ 13: [C] VEOG (LP 10 Hz) v\
DC-EEG 1-2 source | 15: [AJ[B] DCEEG Average |
DC-EEG VEOG corrected ‘ 16: [A-B][C] DC-EEG, VEOG Corrected v\
DC-EEG Train Channel (SCP): ‘ 19: [A-B][C] DC-EEG Carrected v‘
Choose VEOG artifact channel ‘ 11: [C] VEQG Raw Amp. v‘
VEOG Threshold level v plpk
Enable VEOG correlation check ‘Nu DC-EEGMNEOG correlation rejection v‘
Choose EMG Artifact channel ‘ 70: [A] EMG Artifact Amp. v‘
EMG Artifact Threshold v pl-pkc
Stop Session when complete? ‘yes: automatically stop when all trials are done V‘
Show SCP report when done? ‘Yes: automatically show SCP report v‘
Build Build & Save =>
Setting Explanation
VEOG channel (LP filtered) Channel used as low-pass filtered VEOG
channel.
DC-EEG 1-2 source Channel used as averaged DC-EEG input.
DC-EEG VEOG corrected Channel used as VEOG corrected DC-EEG
signal.
DC-EEG train channel (SCP) Channel used as SCP training channel.
Choose VEOG artifact channel Channel is used as VEOG artifact channel.
VEOG threshold level Threshold for VEOG (amplitude) artifact
Enable VEOG correlation check Disable/Enable VEOG correlation as artifact-
criteria.
Choose EMG artifact channel Channel used as EMG artifact channel.
EMG artifact threshold Threshold for EMG (amplitude) artifact
Stop session when complete Select whether the software should stop the
session automatically after the SCP trial
protocol has finished.
Show SCP report when done Select whether the software should show a
report after the SCP trial protocol has
finished and the data is saved successfully.
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Appendix 1. Eye artifacts and eye movement correction

Because (slow) eye movement and the corresponding electrical signals (EOG, electro
oculography) can cause strong artifacts when doing SCP training, EOG measurement is
required when doing SCP training in order to do EOG artifact correction and/or rejection.

The eye acts as an electrical dipole in which the anterior pole (cornea) is positive and the
posterior pole (retina) is negative. The recorded EOG potential represents a measure of the
position (rotation angle) of the eye, in both the horizontal and vertical axis.

Slow eye movements in the vertical axis, in other words looking up and down, can generate
vertical shifts in the EEG signal measured on the scalp. In other words DC-EEG potential can
be simulated by slow eye movements. VEOG levels measured around the eye, can reach
significantly higher levels than regular shift of the slow cortical potentials.

It is evident that this effect must be reduced to a minimum. The picture below illustrates
how strong vertical eye movement creates significant VEOG signals, (2nd graph in orange)
while HEOG signals (3™ graph in blue) remain virtually unchanged. It also shows how in the
Average DC-EEG (1% graph) the VEOG movement can be observed. Most of these slow EEG
amplitudes now consists of EOG artifact.
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In the picture below the effects of eye artifacts on the EEG is illustrated. Note the slow
vertical eye movements and eye blinks. The eye movements are causing a slow DC-shift of
about 100 microvolt peak-peak in about 8 seconds. Eye blinks have less impact on the SCP,
as these are usually faster frequencies. As a first measure, one would like to prevent EOG
movement. Nevertheless, total prevention of eye movement is almost impossible.
Therefore, a second measure is the online VEOG correction performed by BioTrace+. In
order to be able to perform VEOG correction, a correction factor is determined each time
SCP training is started by performing a short calibration. The client is requested to make a
series of vertical eye movements at the start of the session.

Below an EEG session before and after EOG correction is shown.

UNCORRECTED EEG

200 microvolt VEOG artifact in the EEG

CORRECTED EEG

The VEOG artifact is reduced after online correction

Please note that the VEOG subtraction, does not work like a digital filter, it does not cause changes in
the phase of the AC-EEG waveform.
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VEOG and DC-EEG correlation

Since the influence of VEOG is substantial, an optional feature is a VEOG and DC-EEG
correlation. This means that for every trial the waveform of the VEOG is compared to the
corrected DC-EEG for the entire duration of the trial (typically 6-10 seconds) When the
correlation is too high this can be set as an extra condition to reject trials.

The averaged VEOG signals for all trials can be looked at and compared to the actual training
signal. The picture below shows an example of this. The “Training all trial average” graph
shows that on average in the last 3 seconds the blue line (negativity) is above the red line

(positivity).
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For the VEOG signals, it turns out that in this exafnp]é the results are more like the reverse.
(VEOG red signal is above the VEOG blue signal). This means that in this case there is no
positive correlation between the VEOG and the DC-EEG and a SCP result because of VEOG is

very unlikely.

Horizontal EOG

In the SCP protocol, the Cz electrodes are connected to M1/M2 or A1/A2 using a dual
differential amplifier design. (Using two EEG channels instead of one). This type of montage
cancels out the EOG in the horizontal axis (between the eyes) and significantly reduces all
HEOG artifacts. Therefore no horizontal EOG electrodes need to be placed.

Below picture illustrates the absence of the effect of HEOG movements in a regular set-up.
HEOG

CEE

Look LEFT

250 microvolt pk-pk

Look RIGHT

e

DC-EEG

R i A

smas 40 microvolt pk-pk

For this subject the HEOG level is about 250 microvolts pk-pk. The peak levels represent
looking to the left and the bottom levels represent looking to the right. Note that the raw
DC-EEG signal does not show any effects of the HEOG signals
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Acceptance criteria for trials and multi-level EOG checking
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Each trial is thoroughly checked to see whether it is successful or not, and has to pass a
number of criteria.

1) Check if the VEOG activity (measured as the RMS VEOG amplitude over 2 seconds) is
less than a certain threshold. If the absolute VEOG activity is too high, the trial Is

rejected

2) Check the EMG artifact level. If too high the trial is rejected
3) Check how much percent of the EEG training signal is actually in the target area
(below/above) the threshold. If the percentage is too low, the trial is rejected.

Note: each of these ONLINE corrections/rejections are also applied in the offline analysis
when the offline SCP averaged response is computed.
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BVP: Vascular Analysis

Correlation Analysis
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Appendix 2. DC-Drift

DC-drift is not caused by the electronics of the NeXus amplifiers. Rather, it is a so called
“electrode polarization”or “battery effect” generated by the electro-chemical exchange of
charged ions between the skin, the conducting materials (gels) and the electrode materials.
This polarization between skin/gel/electrode can take a long time to stabilize, so it must be
minimized. The best ways to do this are:

1) Use Ag/AgCl sintered electrodes
2) Preparation:
a. Extensive and careful skin preparation/abrasion of each electrode site
b. Use chloride based based conductive gels/paste like Ten20 and ECI-Gel
3) Ideally some time is taken between having connected the electrodes and the actual
measurements for stabiliziation of the DC-EEG signal

These are no norms of acceptable levels of DC-drift in the DC-EEG for SCP training. Simply
said, less is better In order to have a low as possible DC-drift the following measures are

recommended.

Please consider the following session which serves as a typical example:

In this session of 80 minutes, there is a dc-drift on the raw signal (at the top) which starts at
a level of around -7000 microvolts (peak-peak) and decreases steadily towards the end to a
level of around -15000 microvolts peak-peak. Over 80 minutes = 4800 seconds, this is a drift
level of 1.5 microvolt per second.
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Software based DC-drift correction:

Note that the second signal (green) at the bottom is the corrected EEG signal, which is not
only corrected for VEOG but also corrected for dc-drift. The drift in the corrected signal is
close to zero and therefore seems absent.
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In order to reduce the dc-drift (caused by electrode polarization) a moving average DC-level
computed over 30 seconds is subtracted from the average EEG level. Please note that this
improves the visible drift effects, but it does not and cannot correct the skewing effect that
the actual dc drift has on the SCP training results in the direction of the drift. In other words,
if the actual electrode drift is in the positive direction, the positivity training will be more
easy, and when the actual electrode drift is in the negative direction, the negativity training
will be more easy. The software can’t discriminate between the signal becoming more
positive/negative as a result of dc-drift or as a result of actual brain activity.
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Appendix 3. Signal flow and data processing

The BioTrace+ processes the raw DC-EEG signals coming from the true DC amplifiers in a 24
bit format through a series of steps. The following example is given for the NeXus-10.

1)
2)
3)
4)
5)
6)

7)
8)

9)

Record DC-EEG from input A (256 samples/sec).

Read the raw DC-EEG from input B (256 samples/sec).

Take the average of 1 and 2

Record the raw VEOG signal from input C.

Compute the VEOG amplitude as the RMS over 2 seconds.

Subtract the VEOG signal by a factor X from the average DC-EEG. The factor X is
automatically computed during calibration

Compute a 30 second moving average over the average DC-EEG.

Subtract the moving average from the average DC-EEG and store the result as
the DC-EEG training signal.

Compute the online correlation of the DC-EEG and the VEOG for each trial.
(pearson product moment)

10) Compute the EMG artifact level

The SCP protocol uses a special data channel set which has all these computations and data
processing implemented. You can verify each step by looking at the definition of the

channels.

Select channels: <5CP.channels>

I VEOGLP 10Hz

35 DC-EEG 1-2 source [average]
36 DCEEG WEDG caomected
37 DC-EEG Training

33 Uncarrected Lingar Carrelation
39 Corected Linear Correlation
40: BYF amplitude

41:WEDG amplitude

42 HEOG amplitude

43: SCF zignal

44: SCP bazeline comected

45 A:kedian Freq.

46: B:Median Freq.

47: Alpha Coherence

48: Theta Coherence

43 RSP-Rate

A0: HR [EKG]

A1: HRY-LF% [B%F]

52 HRY-LF [EKGR)

A3 AFFT Thetal

A4 &:FFT Alphal

55 &:FFT SMR1

A6 &:FFT Betal

A7 &:FFT BOHz

53: B:FFT BOHz

53 RSP Amplitude

OO LD Aeme ik A

m

Select 1 data channel

¢ 3t 3
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Appendix 4. User definition of the trial parameters &
reward criteria.

1) Number of runs

2) Number of trials per run

3) The trial duration

4) The reward duration (after each trial)

5) The pause between runs

6) The auto or manual resume after a pause.

7) Auditory start signals for POS and NEG types

8) Auditory reward signals

9) The application of artifact rejection for trials

10) The repeat factor of rejected trials

11) Enabling or disabling the online VEOG correction

12) The size of the reward period within the trial

13) The reward threshold (above/below target level)

14) The required percentage of EEG samples within the target area. (POS/NEG)

15) The randomization of the trial sequence

16) The maximum repeat factor or similar training trials

17) The percentage of positivity trials

18) The percentage of negativity trials

19) The percentage of transfer trials

20) The screen category/directory to use

21) The individual screens to use for introduction, VEOG calibration, start instructions,
cue screen, POS and NEG training, transfer and reward.

22) The run pause and exit screens.

23) The user can define up to 5 screen sets which can be switched by the keys F1-F5
during training for more variation in audio visual feedback.

24) The data processing and channel set.

25) The channels to use for data processing (VEOG, DC-EEG training, etc.)

26) The absolute VEOG amplitude level for rejection

27) The criteria for online VEOG correlation check

28) The EMG artifact settings

29) The EMG artifact threshold

30) The automatic stopping/ending/reporting at the end of the session.

—_— — — — — ~—
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