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NEURO AND BIOFEEDBACK SYSTEMS

Z-Score Quick Guide

This document describes how to prepare, configure and review a Z-Score measurement in
BioTrace+.

For more information about NeXus, our BioTrace+ software, please visit our website or
contact us.

www.mindmedia.com

The copyright of this document remains with Mind Media BV © 2017, and the contents of it may not be altered
or copied. However we do permit unlimited distribution by electronics means of this document in the unaltered
digital PDF format in which it is supplied. This document is not intended to replace scientific and clinical
literature.
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Introducing Z-Score

In statistics, a Z-Score (sometimes called a standard score) indicates how many standard
deviations a data value is above or below the 'mean' (assuming a Normal or 'Z' distribution).

A normal distribution curve
19.1%19.1%
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X-axis: standard Deviation
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To determine Z-Score one needs to compare to a qEEG database. In BioTrace+ Z-Score
training is based on Neuroguide by Applied Neurosience, Inc. EEG data can be exported in
many different formats to different (qEEG) programs.

gEEG databases in Neurofeedback typically are 19-21 channel databases according to the
10-20 system. A Z-Score indicates how EEG values from the different positions deviate from
the "norm" with people of the same age and with their eyes open or eyes closed.

Z-Score within BioTrace+ is primarily designed as a training tool, giving a real time indication
of deviations. Nevertheless there is the option to use it as an assessment tool with certain
limitations. BioTrace+ offers 2 and 4 channel Z-Score training. 19 channel Z-Score training
can be done by combining Neuroguide 19 channel Z-Score with the NeXus-32.
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Registering Z-Score
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1. Select 'Z-Score Configuration' under 'Configuration’ in the top menu or press the Z

key.

File Screen | Configuration | ERP/VEP  SCP/Trials Help
Sensor Input config. (')

Channel Set config. ('C')
Channel Freq. contrel ('C+shift’)
Z5core Configuration ('Z')

L]
B I c Systern Settings

f_n|nr er"‘lF‘ll"l"'IFI

2. Choose to register 2- or 4-channel Z-Score.

EEG Channel: A EEG Channel: B

[ Register 2-channel ZSCORE

[ Register 4-channel ZSCORE

EEG Channel: C

Electrode on: F3 » Electrode on: F4 » Electrode on: C3

] Age: 48 year old

|

11: [C] EMG (20-500 Hz) »  35: [G][H] HR,Resp. Cok =  59: [A] Alpha 1 Amp. (38

3. Read and accept the license agreement.

Q ANI License Agreement Iﬁ

END-USER LICENSE AGREEMENT FOR AFPLIED NEUROSCIENCE. INC'S -
{ANI) DYNAMIC LINK SOFTWARE LIBRARY (DLL) AND EEG
(Bectroencephalographic) DATABASES.

The Applied Neuroscience. Inc. EEG databases and the NeuroGuide
Statistical Z Score dll software (NG dll) are copyright protected S 2004 — 2007
and violations of U.5. copyright law will be prosecuted to the full extent of the
law. All ights are reserved, including the exclusive right te distribute,
reproduce. sell. license, modify and derive new works. This agreement is
binding on all versions or revisions of the ANI NG dll and databases.

1. Grant of License

1.1. The Applied Neuroscience. Inc. (ANI) Z Score Statistical Dynamic Link
Library (DLL) Software and EEG Databases (NG dll) are protected by copyright
laws and intemational copyright treaties, as well as other intellectual property
laws and treaties.

1.2. The Applied Neuroscience, Inc. (ANI) Dynamic Link Library (DLL)
statistical software and the included EEG databases are licensed, not sold,
and remain the sole property of ANI and you never acquire any other rights in
the ANI Software/EEG Databases other than a right to use in accordance with
this License. The first sale doctrine does not hold with this agreement
because you are only licensed to use the ANI intellectual properties under the
limited terms of this agreement .

1.3. You are not permitted to install or use Dynamic Link Library (DLL)

statistical Software and/or EEG Databases except in accordance with this
License . In consideration of your agreement to the terms of this License,

Applied Neuroscience. Inc. (ANI) grants you a mon-exclusive right ('License

to install and use the Applied Neuroscience. Inc.’s Dynamic Link Library [DLL] J

(# | accept this license agreement

Cancel |

" | do not accept this license agreement

L'—_ — —— J
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4. Copy and send Security Key A including name and e-mail address to the supplier
with the following subject line: "Request for Z-Score Security Key B".

.

Q) 2 Channel ANI Biofeedback Security Key e = =
Security Key A
[o00c [0 [ 20000 [ X0 [ 20000 | XxXxXX

OO0

Security Key B

Cancel

> Security Key B will be sent to you as soon as possible, usually within 2 to 3 days.

5. After receiving Security Key B, enter it and click OK to register Z-Score.

The window will now close and Z-Score is registered on your computer.

To double check the registration, open a Z-Score screen and replay a session. Signals in the Z-
Score objects indicate that Z-Score has been successfully registered.

Check and re-enter the Security Key B when the following error message appears.

-

Q ANI Message

=)

An incorrect protection key has been entered.

If re-entering the Security Key B does not work, contact your supplier for support.
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Preparing and configuring Z-Score feedback

1. Choose a Z-Score screen

(&

2. Connect the sensors and electrodes according to How to connect

Make sure to use a link ear reference, since the values are compared to the Neuroguide
database with linked ear referenced values.

3. Select 'Z-Score Configuration' under 'Configuration’ in the top menu or press the Z
key.

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

Sensor Input config. (T)
Channel 5et config, ('C")
Channel Freq. control ('C+shift')
Z5core Configuration ('Z')

L
B I c System Settings

" nlar Srheme

4. Select the electrode positions for each channel (A, B, C, D), the age and whether the
eyes are open or closed. Click OK.

Z-5core Configuration and Channel selection

Select ZSCORE channels below
1: ZAP A:Delts 1-4 Hz Z5core Absolute power Channel: A
21 ZAP A:Theta 48 Hz Z5core Absolute power Channel: A =
3: ZAP A:plpha 3-12 Hz ZScore Absalute power Chanrel: A |i|
4 ZAP A:Beta 12-25Hz Z5core Absolute power Channel: A
5: ZAP A:HiBeta 25-30 Hz ZScore Absalute power Chanrel: A
6: ZAP A:Betal 12-15Hz Z5core Absolute power Channel: A
7: ZAP A:Beta2 15-18 Hz Z5core Absolute power Channel: &
3: ZAP A:Beta3 18-25 Hz ZScore Absalute power Chanrel: A
9: ZAP B:Delta 1-4 Hz Z5core Absolute power Channel: B
10: ZAP B:Theta 48 Hz ZScore Absalute power Chanrel: B
11: ZAP B:Alpha 3-12 Hz Z5core Absolute power Channel: B
12: ZAF B:Beta 12-25Hz IScore Absalute power Chanrel: B
13: ZAP B:HiBeta 25-30 Hz Z5core Absolute power Channel: B
14: ZAP B:Betal 12-15Hz Z5core Absolute power Channel: B
15: ZAF B:Beta2 15-18 Hz ZScore Absalute power Chanrel: B
16: ZAP B:Beta3 18-25Hz Z5core Absolute power Channel: B
17: ZRP A:Delta 1-4 Hz ZScore Relative power Chanrel: A
18: ZRFP A:Theta 48 Hz Z5core Relative power Channel: A
19: ZRP A:Alpha 3-12 Hz IScore Relative power Channel: A
20: ZRF A:Beta 12-25Hz Z5core Relative power Channel: A
7+ FRP AHiRets FE-W HE Fornre Belative nnwer Charnels &
EEG Channel: A EEG Channel: B EEG Channel: C EEG Channel: D

11: [A]EEG (1-45Hz) = 35: [B1EEG (1-45Hz) ~ 59 [C]EEG (1-45Hz) ~ 83: [D] EEG (1-45Hz)

1

Electrode on: F3 = Electrode on: F4 » Electrode on: C3 » Electrode on: C4 -

[ Reqister 2-channel ZSCORE ] Age: 43 year old + Status: EYES OPEM -

[ Register 4-channel ZSCORE ] “ Show Video

5. Start the recording.
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Customizing Z-Score training parameters

There are many different parameters that one can train on. Press the Z key for an overview.

In order to train different Z-Score parameters, take the following steps.

1. Open

an existing Z-Score screen, for example '1 Channel Theta'.

2. Right click the bar graph that displays 'ZAP A:Theta'.

3. Select 'Connect to ZSCORE channel'.

HEIE] zAP A:Theta
2.0

1.0

0.0

-1.0

=10

&
o

X

Connect to data channel
v Connect to ZSCORE channel
Edit data channel

Link to Instrument

[ — Color Settings
Background & Borders
Display Options & Ranges Ll
Title Text(s) |
Font Settings
Feedback Opticns & Thresholds

Close

4. Select a channel from the list, for example '4: ZAP A:Beta'.

5. Change the other settings if applicable and click OK.

6. Select 'Save Screen As..."' under 'File' in the top menu to save the screen.

Q BioTrace+ Software for NeXus—ll_]__ Screen:<[A10]

File

Screen  Configuration ERP/VEP  SCP/Trials

Build Mew Screen

Save Screen (Ctrl+5)
Save Screen As...

Load a Screen ('L

(Inen Sessinn/Natahasze ('O
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7. Select an existing or create a new category.

Screen browser: SAVIMNG the current screer

o v
My Screens

wyscreens ]

8. Click the 'Save this Screen' button.

3

9. Enter a description for the screen and your name and click OK.

SAVE as a MEW screen: @
B0 B8 uEw e e T 1T L i
™ Paare sl P LE o
. 3z =
- L&}

| Ed

- PR
— T T e s W@
1]

41

dE
4B
.3 8
B
&
L]
Description:
Designed by: <YOUr Name

Please note that not all parameters use bar graphs with two threshold. Absolute (ABS)
parameters only show positive values, therefore bar graphs with only one threshold are used
(e.g. 2 or 4 channel ZAP training).
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Reviewing Z-Score
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Create Z-Score logging channels in the channel set to display channels in the Session
Overview Screen to analyze Z-Score.

1. Navigate to a Z-Score screen.

2. Select 'Channel Set config.' under 'Configuration’ in the top menu or press the C key.

{:l- BioTrace+ Software for Ne}{m Screen:<[010]4 Channels

3. Select undefined channel 127 after scrolling down.

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

Sensor Input config. (T)
Channel et config. ('C")

Channel Freq. control ('C+shift’)

-

E

Select channels: <NX10-EEG.channels>

103: [0 Gamma Amp. [35-45 Hz] -
104: [D] EMG Artifact Amp.

105: [D] Theta Power / Beta Power

106: [D] &lpha Amp. ¢ Theta Amp.

107: [A][B] Theta Coherence [4-8 Hz]

108: [C]D] Theta Cokerence [4-8 Hz)

109: [G] BYF Amp.

110: [G] Heart Rate

111: [G] HRY Amp.

112: [G] HRY-LF Power [0.04-0,16 Hz)

113: [G] HRY-HF Poweer (0,16-0.4 Hz)

114: [G] HRY-LF / HRV-HF

115: [H] Respiration Rate

116: [H] Rezpiration Armp.

117 [GIH] HR.Rezp. Coherence

118: [J] Respiration Pacer Rate

119: [A] Custom-1

120: [4] Custorm-1 Amp.

121: [B] Cuztom-1

122 [B] Cuztom-1 Amp.

123: [C] Custom-1 =
124: [C] Cuztorn-1 Amp.
125: [D] Cuztom-1

126: [[] Cuztom-1 Amp
127: Undefined Channel
128: Undefined Channel

m

1

Select 1 data channel

4. Click Edit.

5. Select 'Logging function' for 'Category of dataprocessing'.
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Editing channel 127 in set: <NX10-EEG.channels>

Chantel name: 127 Undefined Channel

Sample rate for thiz channel:

Category of dataprocessing [ vJ I

Linear flgebra

Cokerence & Corelation
Digital Filters

General Sighal Processing
Fleiuenci .t‘-‘malisis FFT |

Cusztom Computation

Type of UNIT to display - I

Il | Default COLOR for this data channek _l I

Select 'ZScore Log' for 'Type of computation'.

Categony of dataprocessing [Lngging function v] I

Type of computation [ v] i

Threzhold Log
Reward Counter La

Trial Bazeline Carected Y alue |

Select a Z-Score channel, for example '1: ZAP A:Delta 1-4 Hz ZScore Absolute Value'.

Categony of dataprocessing [Lngging function v] I

Type of computation [EScnre Log v] i

Subtype or Parameter

1: 24P A:Delta 1-4 HzScore Abs
2 EAP & Theta  4-8 HzZScore Aby—
3 ZAP Acplpha 812 HzZScore Ab
4 FAP ABeta 12-2B HzZScore AR E
B ZAP AcHiBeta 25-30HzZScaone &
B ZAF ABetal 1215 HZ&ZScore Al—
T EAP ABeta? 1518 HEZScare Al

0. 7FAD AD~ =T 40 IR U0 e A

Select 'Signal source 1' which should be EEG, for example '11: [A] EEG (1-45 Hz)'.
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Signal source 1: [ v]

: Senzor-d:EEG
- Senzor-B:EEG =
: Senzor-C.EEG
: Senzor-D:EEG
s Senzor-E:SCAGSR
: Senzar-F: Temp.
- Senzor-G:BVF
: Senzor-H: RSP 4
- Senzar-:Owimetny: Z5p02
10: Senzor-l:R5P: Pacer

[A]EEG [1-45 Hz]
12: [A]Delka [1-4 Hz]
I 13: [A] Theta [4-83 Hz)

14 TAT1 &lrba 1812 H=1

L3

Categary of dataprocessing

m

Type of computation

Subtype or Parameter

000D =] O 7] = D [ —2

9. Enter a name for 'Channel name' and optionally change the color.

r b
Editing channel 127 in set: <NX10-EEG.channels>
Channel nare:; FaP Dela
Sample rate for this channel: 256 Samples per Sec.
Signal source 1: [11: [4]EEG [1-45 Hz] v]
Category of dataprocessing [Lngging function v] I
Type of computation [ZScDre Log v] i
Subtupe or Parameter [ 1. Z28P A:Delta 1-4 HaZ2Score Ak v]
Type of UMIT to display Humerical value - I
| Default COLOR for this data channel: _l |
Apply * : |

10. Click Apply, OK and OK.

125: [0] Custom-1
126: [0 Cuztom-1 A

m

128: Undefined Channel i

Select 1 data channel

="
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11. Select 'Save channel SET as...' under 'File' in the top menu.

Q BioTrace+ Software for Ne}{us—lg__ Screemi<[All
File | Screen Configuration ERP/VEP  SCP/Tria

Build Mew Screen —

Save Screen (Ctrl+5)
Save Screen As...

Load a Screen ('L")
Open Session/Database (')

Save channel 5ET as...

| nad channel SFT

12. Save it as the current (edited) channel set or create a new channel set.

Please note: future updates might overwrite standard channel sets. To prevent this, save as a
new channel set or make sure to back-up your channel sets.

13. Click Save. Click OK when this alert box appears.

The channel was saved under the name:
<Z-Score custom.channels>

Skip the following steps in case the current channel set, linked to the loaded screen, is saved.

14. Select the screen the channel set should be used with. Select 'Load channel SET'
under 'File' in the top menu and select the newly created channel set.

Q BioTrace+ Software for NeXus-10 Screeni<> (
File | Screen Configuration ERP/VEP  S5CP/Tria

Build Mew Screen

Save Screen (Ctrl+5)
Save Screen As...

Load a Screen ('L
Open Session/Database ('07)

Save channel 5ET as...

Load channel SET

| o P L 9 B o ]
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_
Q open I i
{ guv| ./ % BioTrace NX10 EN V20154 ... » Channels - |¢f| | Search Channels pe |

Organize - Mew folder =~ [ @
J BioTrace NX4 EM = RMame Date modified Type *
. BioTrace NX4 Ut —
o || NX10-Gamma.channels 23-9-2015 9:32 CHA
| BioTrace NX4 Ut
1oirace || NX10-HEG.channels 23-9-2015 9:32 CH#
. BioTrace NX4 Ul = .

1orace —| || NX10-HEG_edit/M.channels 12-1-2016 15:21 CHA
| BioTrace NXIO [

o __| NX10-Pulseoximetry.channels 23-9-20159:32 CHA
© BioTrace NXAOT 1)yt 0-Respiration.channels 23-9-20159:32 CHe
o BioTrace NXIOL ™ v1-5p.channels 23-9-20159:32 CHA
J LT =gl ] || Z-Score custom.channels 8-3-2017 16:12 CH#

J BioTrace MX10 E =
| ANI_CDBF
. Animations
J Audio
, Channels —
| cvirte v o 1 | r
File name: Z-Score custom.channels = |*.channels v]
[ Open I l Cancel I

. Click OK for three times.

. Click the Session Overview button -:_ or press the TAB key to go to the
Session Overview and change the overview.

"0 < a0 | > =  u | e |

. Right click anywhere in the Session Overview.

. Select 'Select Channels for Overview'.

v Select Channels for Overview

Automatic channel selection

Event markers: ]
Segment options: r
Analysis Functions: 2

Recompute Session Overview

Compute Statistics: L

Intra-Session Trend

Aadbnrnatis Arkifart Raoicrtinme b
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19. Select the created channel, e.g. channel 127. If desired, deselect other channels and
click OK.

20. Click the Real-time mode button _dl or press the TAB key to go back to

real-time mode.

9 - &+~ 9 » = | e |

21. Select 'Save Screen' under 'File' in the top menu or press the Ctrl + S keys to save the
changes.

Q BioTrace+ Software for Ne}(m Screem<[ALl
[File | Screen Configuration ERP/VEP  SCP/Trial

Build Mew Screen

Save Screen (Ctrl+5)

22. Click yes when this message appears.

This screen file already exists, do you want
to overwrite it?

Do not recompute the Session Overview after recording a session, as this permanently
deletes all stored Z-Score values. This also means that no other Z-Score values can be
computed after recording a session, when these were not present in the channel set while
recording the session.
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