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Electrophysiology

Neuronal Potentials — dipoles generation by
single cells

Population Dynamics — synchrony reinforces
strength of signal

Brain Physiology & anatomy defines electrical
generators

Volume Conduction to scalp through cerebral
fluid and tissue

Skin Interface to sensors
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EEG Generation Mechanisms

Primary mechanism of brain is inhibition

Rhythms generated when inhibition Is
relaxed

Allows thalamocortical reverberation

Relaxation at cortical level, and at thalamic
level

Allows populations to oscillate In
synchrony
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Cortical EEG Sources
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Cortical Layers
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EEG Current Flow

Fig. 16-1. Current flow as a result of a putative dipole layer
generator in the occipital cortex. In the spherical head model shown
in A, the current flow is relatively uniformly distributed. In B, a
nonspherical head model with orbital openings, and C, a nonspher-
ical head model with a surgically induced opening. the currem
iollows the pathwayvs of least resistance. From Nunez,®® with
permission.
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Effect of EEG “blurring”
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Model for Differential Amplifier & EEG Generators
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Sample EEG Computation
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10-20 system

Electrode and Trainee Information - BrainMaster 3.0

Active 1 Reference 1 GROUND Reference 2 Active 2
C3 |1 ~| IGND  ~| |a2 ~| |c4 -
Active 3 Reference 3 Reference 4 Active 4

Al P3 Pz P4 Tg/AZ

I Use MINI-Q Headbox [ignore above selections]

Age: [optional - must be nonzero to use Z-5core Training)

Cancel \

[ EYES OpEN

Condition: [required for Z-Score Training]

* eyes closed
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OK




EEG montages

Referential — e.g. ear reference
Reference Is assumed Inactive

_inked ears commonly used as reference
Bipolar — e.g. T3 active T4 reference
Measures difference between two sites
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Thalamo-Cortical Cycles

EXCITATION

INHIBITION

1. Excitatony neunns
(E)} are axciled or re-
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2. Excitalory neuw-
rans stimulate inhi-
bitary naurans (1),
which dampén amxc-
alory acthity.

A. Inhibitory neunns
further daprass axci-
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are themselves de-

pressed,
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4. As inhibftory meu-
rons quiet down,
axcilatory cells ara
released from inhibi-
ton. The cycle beqgins
AN,




Concentration/Relaxation Cycle

Discovered by Dr. Barry Sterman in pilots

“good” pilots preceded each task item with
high-frequency, low-amplitude EEG

Also followed task item with low-
frequency, high-amplitude EEG (“PRS")

Poorer pilots did not exhibit control of the
concentration/relaxation cycle

Slower reaction time, more fatigue
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Concentration/Relaxation Cycle

The Concentration/Relaxation Cycle
and EEG Amplitude/Frequency Changes

Lower Frequency
Higher Amplitude
More Synchrony

Less Neuronal Independence

Amplitude

Lower Amplitude
Higher Frequency
Less Synchrony
More Neuronal Independence

theta alpha low beta high beta
Frequency



EEG Analysis Methods

 Digital Filtering (“lIR” or “FIR”)
— Fast response, uses predefined bands
— Like using a colored lens
— Fast, useful for training or assessment

e Fast Fourier Transform (“FFT")
— Analyzes all frequencies
— Like a prism
— Response Is slower, useful for assessment
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Typical EEG Component Bands

e Delta (1 -4 Hz)

 Theta (4 — 7 Hz)

* Alpha (8 — 12 Hz)

 Low Beta (12 — 15 Hz)

e Beta (15 - 20 Hz)

 High Beta (20 — 30 Hz)

« Gamma (40 Hz and above)
 Ranges are typical, not definitive
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Typical EEG metrics

Amplitude (microvolts)

Frequency (Hz, peak or modal)

Percent energy

Variabllity

Coherence between 2 channels (percent)
Phase between 2 channels (degrees or percent)

Asymmetry between 2 channels (ratio or
percent)
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MINI-Q

External headbox connected to 2-channel EEG
Scans sensor pairs sequentially

Uses linked ears reference

Uses 12 selected sites

2 channels, 6 positions

Allows head scan using 2-channel EEG

Take e.g. 1 minute per position

Software assists with prompts, organizes data

Primarily for assessment, can also be used for
training
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MINI-Q Sites

Fz Cz
F3 F4
C3C4
P3 P4
T3 T4
01 02
All referenced to linked ears
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MINI-Q Analysis

Manually inspect summary data

DCN128 provides norms, analysis,
protocol suggestions

NeuroGuide provides normative analysis,
Z scores, connectivity maps

Live z DLL can be used for live viewing of
Z scores
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Purpose of z scores

Method to understand a population
Method to understand an individual
Uses statistics to evaluate quantities

Standard method applicable to any
measurement

Important for connectivity, phase,
asymmetry measures
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Basic Concepts

Normative population

Normative statistics

Database of values

Method to quantify any individual
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Concepts of z scores

Measure a large population
Determine population statistics
Mean

Standard deviation

Convert any single measurement into a z
score

Standard measure of “how normal”
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Normal Distribution - males
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Percantage of
cases in 8 portions
of the curve
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Bell Curve using z scores




Z Scores - equations

Standard Normal Distribution:

e 2

ae

Z score for any sample value x:
O

/
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What Is a z score

A metric based on any measurement and the
associated population statistics

e Tells “how many standard deviations away from
the mean”

e Defined as:

measurement — mean
stdev

ZSCOre =

(c) 2007 Thomas F. Collura, Ph.D.



Z Score ranges

+/- 1 sigma:

— Includes middle 68% of population
— From 16% to 84% points

+/- 2 sigma:

— Includes middle 95% of population
— From 2% to 98% points

+/- 3 sigma:

— Includes middle 99.8% of population
— From .1% to 99.9% points

+/- 4 sigma:

— Forget about it
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Z score example
Adult height

Mean height = 6 feet
Standard deviation = 3 inches = .25 ft.
Height 6 feet 6 inches

— Compute Z2=6.5-6.0/.25=2.0

Height 5 feet 9 inches
— Compute Z2=5.75-6.0/.25=-1.0

Height 5 feet
— Computez=5.0-6.0/.25=-4.0
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Z score training approach

Compute ongoing z scores
Apply as training variables
Establish targets and criteria
Provide feedback

Uses unigue predefined bands, not adjustable In
z DLL software

Bands are independent of those used in the
main EEG software
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Z scores used for EEG

Absolute power
Relative power
Power ratios
Asymmetry
Coherence
Phase
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Component bands in Z DLL

Delta (1 - 4 Hz)
Theta (4 - 8 Hz)
Alpha (8 — 12.5 Hz)
Beta (12.5 — 25.5 Hz)
Betal (12.0 — 15.5 Hz)
Beta2 (15.0 — 18.0 Hz)
Beta3 (18.0 — 25.5 Hz)
Gamma (25.5 — 30.5 Hz)
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Z scores — 2 channels

e For each site (2 sites)
— 8 absolute power
— 8 relative power
— 10 power ratios

* For the connection (1 pathway)
— 8 asymmetry
— 8 coherence
— 8 phase
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Live Z Scores — 2 channels (76 targets)

E Training/Control Screen - BrainMaster 3.0.3
Data Display Freg.Bands Color Sound

19:26 000

System is ldling... Check Signal

SITES: F3 F4 [EQ) RatfT  RatfA Rat/G
Delta [1.0-4.0) . . -0.4 -0.4 -0.4
Theta [4.0-8.0) . . -0.3 -0.3
Alpha [8.0-12.5] . . . -0.9
Beta [12.5-25.5] . . -1.0
Beta 1 [12.0-15.5)
Beta 2 [15.0-18.0)
Beta 3 [18.0-25.5)
Gamma [25.5-30.5]
Delta [1.0-4.0)
Theta (4.0-8.0)
Alpha [8.0-12.5]
Beta [12.5-25.5]
Beta 1 [12.0-15.5)
Beta 2 [15.0-18.0)
Beta 3 [18.0-25.5)
Gamma [25.5-30.5]

Asymmetry Coherence Phase Difference
Delta [1.0-4.0] 0.2 -1.3
Theta (4.0-8.0) -0.0 -1.7
Alpha (8.0-12.5) 0.1 -1.6
Beta (12.5-25.5] 0.0 -1.6
Beta 1 [12.0-15.5] -0.0 -0.9
Beta 2 [15.0-18.0) 0.1 -1.0
Beta 3 [18.0-25.5) 0.0 -1.0
Gamma [25.5-30.5] -0.0 -1.0

=R — I — o gy
Nl

26 X 2 + 24 =76 (52 power, 24 connectivity)
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Z scores — 4 channels

e For each site ( 4 sites)
— 8 absolute power
— 8 relative power
— 10 power ratios

e For the connection (6 pathways)
— 8 asymmetry
— 8 coherence
— 8 phase
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Live Z Scores — 4 channels (248 targets)

E Training/Control Screen - BrainMaster 3.0.7

¢ Ereq.Bands ound

sTOP| | Window | Clo

System is Idling... Check Signal

SITES: F3 F4 [EC) RayfT  RatjA SITES: P3 P4 [EC)
Delta [1.0-4.0} : ; -0.1 -0.1 : : Delta [1.0-4.0)
Theta [4.0-8.0) : ) 0.0 ) : Theta [4.0-8.0)
Alpha [8.0-12.5) Alpha [8.0-12.5)
Beta [12.5-25.5] Beta [12.5-25.5)

)
1]

Beta 1 [12.0-15.5]
Beta 2 [15.0-18.0]
Beta 3 [16.0-25.5]
Gamma [25.5-30.5]

Beta 1 [12.0-15.5])
Beta 2 [15.0-18.0)
Beta 3 [18.0-25.5)
Gamma [25.5-30.5]

Delta (1.0-4.0]
Theta [4.0-5.0]
Alpha [8.0-12.5]
Beta [12.5-25.5]
Beta 1 [12.0-15.5]
Beta 2 [15.0-18.0]
Beta 3 [18.0-25.5]
Gamma [25.5-30.5]

Delta [1.0-4.0)
Theta [4.0-8.0]
Alpha (8.0-12.5]
Beta [12.5-25.5]
Beta 1 [12.0-15.5])
Beta 2 [15.0-18.0]
Beta 3 [18.0-25.5)
Gamma [25.5-30.5]) :
COH PHA F3-P3: : COH PHA F4-P3: ASY COH PHA FA-PA: ASY COH PHA P3-P4:
Delta (1.0-4.0] A3 1.8 ; 2 .2 0.3 : .2 -0 a0 0.2 ; .2 -1.0
Theta [4.0-8.0] a1 18 : : 2 A4 0.7 2 .0 -0 ; .3 0.6 2 o S .
Alpha (8.0-12.5] .5 20 1. -0.6 ; 2 2 ; J 0.6
Beta [12.5-25.5] R . R : : i g 07 ; E : 3 .2 0.3
Beta 1 [12.0-15.5] d 09 0. : i ; .0 01 ; x : : .2 0.3

1.

1.

0.

= — R — R — I — N — I — I — I — R — W — ]
=R I — I — I — I A R VT =B VR = - I - §
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1
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Beta 2 [15.0-18.0] d 014 -0.2
Beta 3 [18.0-25.5] 2 -0.9 -0.1
Gamma [25.5-30.5] d 14 -0.4

26 X 4 + 24 x 6 = 248 (104 power, 144 connectivity)
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Z-Score Targeting Options

Train Z Score(s) up or down
— Simple directional training

Train Z Score(s) using Rng()
— Set size and location of target(s)
Train Z Score(s) using PercentZOK()

— Set Width of Z Window via. PercentZOK(range)
— Set Percent Floor as a threshold

Combine the above with other, e.g. power
training
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Z-score Coherence Range Training
(feedback when Z-score is in desired range)

=] Training/Control Screen - BrainMaster 3.0.7
Dsts Display Freg.Bands Color  Sound

38:40 120

System is ldling... Check Signal
EEG CHANMEL 1: 01: Avg Ampl. = 55.5 u¥

n'|'|'4.q,_|‘|'|'u"'-,.|umuv"t, J "\,r._,a'b,.a"u.\.pwp,l el A |'|"'*'I e ||I'H|wl ity o .-w‘.-*4‘.IH"1v"r"a"'.‘H"I.r.r'r"é‘-“‘k""n‘l- 4.0 sec.

EEG CHAMMEL 2: 02: Avg Ampl. = 49.1 u¥

.,r|"H"'..IIlr-"l.A.."‘m\'NfI“—. " o '-"f-a".,‘|Ilr\-.'r-"l'h"f'h'\iqﬂl'i|1f *.Ifl.il I|-'.Jl'*l|'l]uM"".i'p["|1"1"'l-‘J‘|I"I'I'H""'\"fk'll|'l'L.'11F1|.I,|l'r1d'"'r'-"\'f“’hn‘u"'\"“"".f"u"f‘ﬂ.-m- 4.0 sec.

W“H it

h ‘l y

6.0
Ewvents 1-2:
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Range Function

Rng(VAR, RANGE, CENTER)
= 1 if VAR is within RANGE of CENTER

= 0 else

Rng(BCOH, 10, 30)
— 1 if Beta coherence is within +/-10 of 30

Rng(ZCOB, 2, 0)
— 1 If Beta coherence z score is within +/-2 of O
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Range training with multiple ranges

« X = Rng(ZCOD, 2,0) + Rng(ZCOT, 2, 0), +
Rng(ZCOA, 2, 0) + Rng(ZCOB, 2, 0)

= 0 if no coherences are in range

= 11if 1 coherence is in range

= 2 If 2 coherences are in range

= 3 If 3 coherences are in range

= 4 if all 4 coherences are in range

» Creates new training variable, target = 4
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Coherence ranges training with Z Scores
(4 coherences in range)

7] Training/Control Screen - BrainMaster 3.0.3

oo Joorl i B 38:55 000

System is Idling... Check Signal
EEG CHANNEL 1:

qu w M‘Jb W}Nnﬁ k'rw\‘ql\a MM b IVW|||N. |5,| 'VM‘\ "“‘\ 00 see

Wﬂ IMMWI||,|1 ||ﬂlul|lmllr Jrlnf mﬂ |er MHJL \| wﬂmm .Wl Mirt..nw IF‘M 40 sec.

Full Scale: 7.47

el et HJM 'w ity '

Event: 1, Fl g[ZCODZI]] +Rng(ZCOT,2.0)+Rn.
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Combined Amplitude and Coherence-based protocol

- [=]X]
K G B 2418 102 B

System is Idling... Check Signal

48 33 a7 29 0

22,5 22.5—

SI?H H 4_56 5.?3 H 5_96 SJTm' B 5._|]_G/T 5-?—;& ﬂ

Lobeta Hibeta Theta Lobeta

Lobeta Hibeta

Hibeta Theta Lobeta Hibeta Theta

M a“ Multlmema Player for BrainMaster

ent: 1 x=Rng[ZCOAUTHR.O):

T mﬂwﬂm

went: 6. x=E2F+E1F:

M\M N

Event 7, x=100"EGF;

T (@ reea. (@ ramren (B mamnr.

[Elsenppon... [ shescr.. [ 5 witmeda... [ £ sventwiza.. [ rannoio.. )

If (point awarded for amplitudes) AND (coherence is normal) THEN (play video for 1 second)
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PercentZOK() function

PercentZOK(RANGE)

— Gives percent of Z Scores within RANGE of 0
— 1 channel: 26 Z Scores total

— 2 channels: 76 Z Scores total

— 4 channels: 248 Z Scores total

Value = 0to 100
Measure of “How Normal?”
All targets have a specified size “bulls-eye”
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Z Score “percent”’ Targeting Strategy

 Feedback contingency based upon:
— Size of target bulls-eyes (“range™)
— Number of targets required (‘target percent hits”)
— Possibility of biasing targets up or down
— Targets may be enhances and/or inhibits

* Wide targets will automatically select most
deviant scores

e Training automatically combines and/or
alternates between amplitude & connectivity
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Z Score training using
percent Z’s in target range

5] Training/Control Screen - BrainMaster 3.0.3

sTOP|

System is ldling... Check Signal
Component Bandwidth Grand Avg. Damped Avg. % Energy Fult Sicaie-111.4
Delta [1.0-3.0): ‘ : 3.8 6.5 6.1
Theta [4.0-7.0): : g : 5.4 8.8 13.2
Alpha [8.0-12.0): o ‘ 4 5.4 11.0 13.0
Lobeta [12.0-15.0]: A Z : 5.1 8.3 9.2
Beta [15.0-20.0): i . ; 6.6 144 143
Hibeta [20.0-30.0): i < 3 8.4 29.1 223
Gamma [(38.0-42.0]: 4 E : 2.2 2.1 1.8
User [30.0-35.0): z i . 4.5 9.0 6.3

VALUE A RULE VALUE B VALA VALB %TIME __W |1'1~'WJ --uﬂ Flﬂh WNWf1TWh““Hr”1H rM“w

»=PercentZ0K[UTHR); »=CT; tone 84.00 81.00 32.1

0.0 nothing 0.00 100.0
x=UTHR; 0.0 nothing 1.40 0.00 100.0
x=E1F; 0.5 nothing 0.00 0.50 3.9

Ewvents 1-2:

Size of range window (UTHR - currently 1.4 standard deviations)
Threshold % for Reward (CT: between 70% and 80%)
%Z Scores in range (between 50 and 90%)
% Time criterion is met (between 30% and 40%)
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Effect of changing %Z threshold
Reduce threshold -> percent time meeting criteria increases

E Training/Control Screen - BrainMaster 3.0.3
Data Display Freg.Bands Color Sound

Window 38:05 000

System is ldling... Check Signal
Full Scale: 114.4

T

Events 1-2:
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Effect of widening Z target window

Widen window -> higher % achievable, selects most deviant scores

E Training/Control Screen - BrainMaster 3.0.3
Data Display Freg.Bands Color Sound

STOP|| Window 32:08 000

System is ldling... Check Signal

Full Scale: 114.4

Events 1-2:
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Z-score based targeting

Threshold replaced with target size

Feedback contingency determined by target size
and % hits required

Eliminates need for “autothresholding”
Integrates QEEG analysis with training in real
time

Protocol automatically and dynamically adapts to
what is most needed

Consistent with established QEEG-based
procedures with demonstrated efficacy
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