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Brodmann Areas Parietal Lobe
somatosensory perception integration

of visual & somatospatial information

Frontal Lobe
Thinking, Planning,
Motor execution,
Executive Functions,
Mood Control

Temporal Lobe 20)
language function and
auditory perception
involved in long term
memory and emotion

Occipital Lob e
Visual perception &
Spatial processing

Posterior Cingulate
attention, long-term
memory

Anterior Cingulate Gyrus
Volitional movement, attention,
long term memory

Parahippocampal Gyrus
Short-term memory, attention
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FIGURE 4 The factor structure from the varimaz factor analysss of EEG coberence from mean 2 menths o |6 years. Each column represents the
results of the factar analysis of 56 left and 56 right intrahemispheric variables at a specific frequency band. The thickness of (he bands or ares that
connect clectrode locations involved in the coherenes analysis repeesent the range of the factor loadings. A criterion loading of 7] (i.e., 50% of the
variancel 10 .79 was represented by the thin line, .80 to .89 was represented by the second thickest line, and loadings greater than 90 was repre-
sented by the thickest line. The rows represent the common factor miruerures from the four independent factor analyses. The labels on the beft side
of the figure are representative of the anatomical pattern thas was provent across the four frequencies,



Natural Frequencies of the Thalmo-Corticl Circuitsa  nd
Natural Frequencies of Hubs & Modules

Phase Shift and Phase Lock (Phase Reset) Coordinate s
The Natural Frequencies of “Hubs” & “Modules”

Natural Frequency Local Resonance Produces Global R esonance
at the Natural Frequencies of all “Hubs” and “Modul es”
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CROSS-FREQUENCY ANALYSES OF BRAIN STATE

SLEEP — STAGE 1
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FFT of the JTFA Time Series shows high power at low frequencies when
burst durations are long and high power at high frequencies when infer
burst intervals are short
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EEG and Intelligence: Univariate and Multivariate Comparisons
Between EEG Coherence, EEG Phase Delay and Power

Thatcher, R. W. 1,2, North, D. M.1, and Biver, C.J .1

EEG and Neurolmaging Laboratory, Applied Neuroscienc e Research Institute.
St. Petersburg, FI1 and Department of Neurology, Un  iversity of South Florida
College of Medicine, Tampa, Fl.2
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Histograms of Discriminant Functions using 1() Score Measures

E e FULL I}
= FULL i = 1)
5 m=w
= FULL 1) <= 90
o H=T
E az
(14
i Y | SD<FULL Q< 120
= 12 B e =187
S :
E a -
O
N I I R
E ..... .I. e
[ E] = E 1 3 5
EEG Discriminant Scres
LR VERBAL I} FERFOEMANCE I()
VERS 10 =120 - - e
"1 m=mx VERE IO <=0 e PERF 1 >=120
HN=TT N=1
A3 - a3
L - 9 < PERF 0 <120

) <VERE i) = 1.0
N=1m

...... ARR T L, =31

s

PROPORTIONPERPOPULATION
PROPORTIONPERPOPULATION



TABLE VII.

\Correlations @ p < .05 of Significant T-Test Variables with 1QQ SCOREs

DQFULL Absolute Power Coherence Absolute Phase
Frequency: | POS + NEG - POS + NEG - POS + NEG -
DELTA o 0 1 58 20 10
THETA 1 0 1 39 13 3
IALPHA 6 0 2 24 13 2
BETA 7 0 0 14 13 b
HI-BETA 0 0 0 30 5 9
' TOTAL 22 0 4 165 64 30
DQVERB Absolute Power Coherence Absolute Phase
Frequency: | POS + NEG - POS + NEG - POS5 + NEG -
DELTA 6 0 0 49 11 13
THETA 3 0 0 37 0 b
(ALPHA 4 0 0 42 3 16
BETA Z ] 0 10 1 [
{HI-BETA 0 0 0 b 1 13
TOTAL 15 0 0 144 16 55
DQPERFE Absolute Power Coherence Absolute Phase
\Frequency: | POS + NEG - POS + NEG - POS + NEG -
DELTA 10 ] 1 74 36 4
I THETA K 0 . 40 28 3
ALPHA 16 0 18 9 16 0
BETA 11 0 0 25 19 1
HI-BETA . 0 0 23 [ 1
TOTAL 42 0 21 201 106 9
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Multiple Pacemaker Thalamo-Cortical Model of Inteligence
A Moving Window of Nested Synchronous Populations of Neurons
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Development of cortical connectivity as
measured by EEG coherence and phase

Thatcher, R. W. 1,2, North, D. M.1, and Biver, C.J .1

EEG and Neurolmaging Laboratory, Applied Neuroscienc e Research Institute.
St. Petersburg, FI1 and Department of Neurology, Un iversity of South Florida
College of Medicine, Tampa, Fl.2
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Phase Difference (Degrees)
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Interactive Dynamics Between Short and Distant Compartments
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Two Compartmental Coherence Model: Local and Distant Connections

Long Distance Connections
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Brain Development Complexity Curve
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Amplitude (uV)
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Coherence is high when phase delays are clustered
or grouped together. Magnitude of coherence =r

J

Coherence is lower when phase delays are scattered



EEG Phase Reset as a Phase Transition in the Time Domain
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Phase Reset Metrics
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Phase Shift

Phase Difference in Degrees

Fpl-Fpl

Fpl-F3

Fpl-C3

Fp1-P3

Fpl-01

0:20 021 Oi 22 W23

| . Phase Shift Duration '
1st Derivative deg/100 msec PoE S PO
Fpl-Fpl : - - :

SIS S R SRS A S SN . _— \'\J\W,—
<——— Phase Synchrony Interval;»J\v;’\/ﬂ/

Fpl-C3

Fp1-P3

Fpl-O1




milliseconds

milliseconds
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INTELLIGENCE AND EEG PHASE RESET:
A TWO COMPARTMENTAL MODEL OF PHASE SHIFT AND LOCK

Thatcher, R. W. 1,2, North, D. M.1, and Biver, C.J .1

EEG and Neurolmaging Laboratory, Applied Neuroscienc e Research Institute.
St. Petersburg, FI1 and Department of Neurology, Un iversity of South Florida
College of Medicine, Tampa, Fl.2
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Local Field Potential (LFP) Model of Phase Shift Duration and Full Scale 1.Q.
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Pyramidal Cell Model of EEG Phase Lock Duration (LD)
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AUTISM AND EEG PHASE RESET:
A UNIFIED THEORY OF DEFICIENT GABA MEDIATED INHIBIT ION IN
THALAMO-CORTICAL CONNECTIONS

Thatcher, R. W. 1,2, Phillip DeFina2, James Neurbra nder2, North, D. M.1,
and Biver, C. J.1

EEG and Neurolmaging Laboratory, Applied Neuroscienc e Research
Institute., St. Petersburg, FI1 and the Internation  al Brain Research
Foundation, Menlo Park, NJ2
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A. Alphal Shift Duration Short Distances
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C. Alpha2 Lock Duration Short Distances
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AUTISM - ALPHA2 — PHASE LOCK DURATION 6cm INTER-ELECTRODE DISTANCES
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Essentials of Operant Conditioning

1- There must be a ‘real’ & ‘valid’ neural event to be reinforced

2- The ‘Reinforcement’ must be distinct and clear

3- The interval of time between the spontaneous ‘emi  tted event’ & the
‘reinforcement’ can not be too short, approx. < 250 msec? or too long

approx. > 20 sec

4- The Schedule of Reinforcement is Important witht  wo General Types
“Continuous’ vs ‘Partial’ Reinforcement - Continuous IS good at the
beginning but not as resistent to extinction as is P artial Reinforcement



1. Continuous Reinforcement
In continuous reinforcement, the desired behavior is reinforced every single time it occurs.
Generally, this schedule is best used during the initial stages of learning in order to create a
strong association between the behavior and the response. Once the response if firmly attached,
reinforcement is usually switched to a partial reinforcement schedule.
2. Partial Reinforcement
In partial reinforcement, the response is reinforced only part of the time. Learned behaviors are
acquired more slowly with partial reinforcement, but the response is more resistant to extinction.
There are four schedules of partial reinforcement:
Fixed-ratio schedules are those where a response is reinforced only after a specified number
of responses. This schedule produces a high, steady rate of responding with only a brief pause
after the delivery of the reinforcer.

Variable-ratio schedules _ occur when a response is reinforced after an unpredictable number of
responses. This schedule creates a high steady rate of responding. Gambling and lottery games
are good examples of a reward based on a variable ratio schedule.

Fixed-interval schedules  are those where the first response is rewarded only after a specified
amount of time has elapsed. This schedule causes high amounts of responding near the end of
the interval, but much slower responding immediately after the delivery of the reinforcer.

Variable-interval schedules  occur when a response is rewarded after an unpredictable amount
of time has passed. This schedule produces a slow, steady rate of response.




IMPORTANT FACTS

1- Approx. 80% of Neurons are Excitatory & 20% are |  nhibitory

2- Neurons are Connected in Loops and are Self-Organ  izing & Stable because
of Refractoriness of Excitatory Neurons

3- Inhibitory Neurons are Responsible for the Freque  ncy Spectrum of the EEG

4- The EEG is the Summation of Synaptic Potentialsa nd Changes in the
Frequency Spectrum Occur by Changes in Synaptic Pot  entials

5- EEG Biofeedback is Operant Learning in which Syna  ptic Potentials are
Changed

Eric Kandel “In Search of Memory” Norton & Co., 2006 — Nobel Prize 2000
Gyorgy Buzsaki “Rhythms of the Brain”, Oxford Univ. P ress, 2006



Some Relevant Items and Questions

Loops in the Brain and Why Homeostasis and Equilibr lum are
Critical for Brain Function

The EEG is Produced Exclusively by Summated Synapti ¢ Potentials

How does EEG Biofeedback Change the EEG?

How does EEG Biofeedback Change Synaptic Potentials  ?

What are the Mechanisms of Modification of Synapses by Operant Conditioning
of EEG at the Molecular Level? (nu. Accumbens & rei  nforcement)

Eric Kandel “In Search of Memory” Norton & Co., 2006 — Nobel Prize 2000
Gyorgy Buzsaki “Rhythms of the Brain”, Oxford Univ. P ress, 2006
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days and led 1o the growth of new synaptic connections, an anatomi-
cal change that did involve the synthesis of new protein (figure 18-4).
This showed us thar we could initiate new synaptic growth in the sen-
sory neuron in tissue cultare, but we still needed to find out what pro-
teins are important forlor;g TEFI TMEmory.

My career in neurobiology now intersected with one of the great
intellectual adventures of modern biology: the unraveling of the
molecular machinery for regulating genes, the coded hereditary infor-
mation at the heart of every life form on earth,

THIS ADVENTURE BEGAN IN 1961 WHEN FR ANCOIS JACOR AND
Jacques Manod of the Institut Pasteur in Panspubi:shed a paper enti-
tled “Genetic Regulatory Mechanisms in the Synthesis of Protein.”

Using bacteria as 2 model system, they made the remarkable discovery

that genes can be regulated—that is, they can be switched on and off
like a water faucer.
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inactivate all of the CREB-2 molecules, therehy making it easy fos pro-
tein kinase A to activate CREB-1 and put the experence directly into
long-term memory. This might account for so-called flashbulb mémo-
ties, memories of emotionally charged events that are recalled in vivid
detail—like my experience with Mitzi—as if a complete: picture had
been instantly and powerfully etched on the brain.

Similarly, the exceptionally good memory exhibited by some peo-
ple may stem from genetic differences in CREB-2 that limit the actiy-
ity of this repressor protein in relation to CREB-1, Although
long-rerim memory typically requires repeated, spaced training with




ADIALOGUE BETWEEN GENES AND SYNAPSES

wble teontilize them for
1 hypothesis because it

racess possible? Kelsey
ied synapse, The firsy is
protein kinase A is not
atall; The second is the
protein synthesis, This
isense ot of 2 fascinac
been fully appreciated
He eardy 19805 Oswald
Irvinie, had discovered

m synthesis: takes place
oecurs locally, at the

3ensoy
AELra

tof local protein synthe-
the synaplic conngctivn,
synapse, the process of
grew, making use of the
That new growth could
regressed. Thus the pro-
2 the terminals are suffi-

2 et

b-that growth, proteing

mg-term memory: They

| . A :
et work: One process 19:3 Two mechanisms of long-term change, Wew protemns are sent 1o all of the

.mg 1-1!'01-‘-'1'1! kinase A to synapses (above); but only synapses stimulazed with serotonin use thens o nitale
n the effector genes that the growth of new axon terminals. Proteins synthiesized locally (below) are needed

Wesymaptic conme ctions: 1o suistain the growth initated by gene expression:
ige by maintaining the
that requires local pro-

‘parate processes for ini- from a small town in India, where his father taught in the local high
nd mechanisp work? school, When Kausik's father realized that Kausik was interested in

biclogy, he asked a colleague, the loeal biology teacher, to take the
IKSE, 4 REMARKEABLY boy under his wing. This biology teacher taught Kausik a grear deal

soratory. Kausik came and engendered his interést in genetic mechanisms, The teacher also




HISTORY OF THE SCIENTIFIC
STANDARDS OF QEEG
NORMATIVE DATABASES

Thatcher. B.W. 12 and Lubar. J.F.}

Fl.l and EEG and NeuroImaging Laboratory, Applied Neuroscience, Inc., St.
Petersburg. FI*, Brain Research and Neuropsychology Lab. University of
Tennessee. Knoxville, TINS.



Abstract

The nearly 40 vear historv of quantitative EEG (QEEG) normative databases are
reviewed with special emphasis on the implementation of scientific and statistical
standards. Differences between normative databases and standard control studies are
discussed  The application of scientific and statistical standards such as peer reviewed
publications, inclusion'exclusion criteria, number of subjects per age group, Gaussian
tests for normality, cross-validation tests, amplifier matching, clinical correlations and
FDA registration are presented in a historical context. A check list of "Gold Standards”™
for the evaluation of QEEG normative databases is presented in which the more checks
then the higher the scientific and statistical standards for a given normative database.
The goal of the paper is to provide an historical perspective and brief review of QEEG
normative databases in order to encourage both users and authors of normative databases
to strive for the highest possible standards.

Kevwords: QEEG normative database, cross-validation, Gaussian distributions



Table IV

List of "Gold Standards™ by which to judge

(QEEG Normative databases

Standards

Y es

Peer reviewed publications

Amplifier Matching

Artifact Rejection

Test Re-Test Reliability

Inclusion’exclusion criteria

Adequate Sample size per age group

MO Lk e | Lad | B | =t

Approximation to a Gaussian

Cross-Validation

Clinical Correlation

=k | AT | CD

FDA Registered




Problems in combining Sub-Standard QEEG Databases with scientifically
acceptable databases

Often an EEG data sample from a patient is sent to a laboratory or QEEG service
and the data is compared to multiple databases including sub-standard databases. As
expected, the results are often conflicting and contradictory and confusing. There is an
assumnption that somehow multiple comparisons to multiple databases including sub-
standard databases is better than comparing a patient's EEG to a single well published
database that has met high statistical and scientific standards. This assumption is wrong
and potentiallv dangerous to unsuspecting patients and clinicians who are provided with
multiple comparisons.  If a patient or a clinician receives multiple database comparisons
involving unmatched amplifier characteristics then they should ask the provider of the
normative database for the methods of amplifier equilibration and for a list of the
scientific standards of the normative databases. It is the responsibility of users of
normative databases to know the scientific standards of the database that thev are
comparing their patient s to and to provide informed consent to patients in situations
where the patient’s EEG samples are compared to a non peer-reviewed database and ‘'or
uniknown number of subjects per vear database and'or unknown inclusion’exclusion
criteria database and'or no statistical validation test database and or a non-FDA registered
database, etc.  State law and the FDA and [EBs require wording in an informed consent
form that is clear and unambiguous in which the patient is informed that their EEG data
will be compared to an unpublished or otherwise unknown or non-cross validated QEEG
normative database. Hopefullv the “Gold Standards™ check list in Table IV will be of

help in this process.
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Normative Database Validation Steps

Transform & Re-Compute
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Sensitivity Based on Deviation from Gaussian
Cross-Validation Accuracy N= 625 Subjects

False. Neqg. = {2.3 - 1.98) = .32 False Pos.= (288 -2.3)= &

Expected = + 2.3%
(Ob=served = + 2.88%)

Expected = - 2.3%
(Observed = - 1.98%)

; o : : : | .
3 / .2 - 0 1 2 3
£ Scores

-1.96 5.D. +1.96 5. D.

True Positive = (100 - (1.98 + 2.88) = 95.14%

TP 95.14
Sensitivity = --- - = = 98.96%
TP + (FP + FN) 9514+10
Specificity = Ll -- = Undefined

TN +(FP + FN)



Cross-Validation Birth to 82 Year EEG Normative Database
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AGES
0-5.99
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16-ADULT
ALL
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FFT Normative Database Sensitivities

CALC SENSITMWITY: FP=TR/{TP+FP) or FN=TR/TP+FN)
(=2 50

(+- 2 S0
095445265
095440353
09543997
095440512
0.9543945
095442375

CALC SENSITRTY: FP=TR/ATP+FP) ar FN=TR/TP+FN)
(>=3 50}

(+- 3 SO)

0,997 43595
0.99744112
099744533
099743186
099743535
0.99744002

B.9771 774

0.9772031
097724546
0.9772 3601
097715143
097720714

0.99571123
0.95957 1611
0.959573171
0.9557 1951
0.99570216
0.99871716

(<= -2 D]

0.97 7530526
0.97720054
0.977156.24
097716911
0.97721307
0.97 721661

(<=3 5D

0.99572774
0. 959572501
099571518
0.9957 1234
0.99573615
0. 95957 2286

+/- 2 Std. Dev.

+/- 3 5td. Dev.



Normative Database Amplifier Matching — Microvolt Sine Waves 0 to 40 Hz

Equilibration Ratios to Match Frequency Responses

Normative

A 4

EEG Amplifiers \
(R

Patient EEG / Frequency 0 =40 Hz Frequency 0 — 40 Hz

A 4

Amplifiers

Equilibration
Ratio



Table 11

Correlation Coefficients from an Independent Cross-Validation of NxLink™ vs

Absolute | Absolute | Relative | Relative | Coherence | Coherence | Amp. Amp.

Power Power Power | Power Asvm | Asvm

Anterior | Posterior | Anterior | Posterior | Anterior Posterior | Anterior | Posterior
Delat | 0.815 0 880 0834 0.925 0804 0.935 0.854 0.820
Theta | 0.926 0.940 0877 0.895 0.853 0914 0.902 0.816
Alpha | 093] 0.938 0.901 0.887 0.873 0.046 0.899 0.979
Beta | 0.820 0.882 0.757 0.784 0848 (0.900 0.846 0.876
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History of the Invention of Real-Time Z Score Neurofeedback

1- 1994 - Idea or concept of “Real-Time Z Score Neuro feedback” (Live Z Scores)

2- 1998- Idea of “Live” Discriminant Functions & Multi variate Linear Regression

3- Mathematical specifications - 2000

4- Software Design and Implementation & Testing - 200 1 to 2003

5- Distribution of a ‘dll' to BrainMaster & Thought T echnology — Sept. 2004

6- Inclusion of Phase Reset, Burst Metrics, Discrimi nant Functions and
Multivariate Regression Equations — 2009 to 2010



Difference Between Standard Neurofeedback vs ‘Live’ Z

Feedback
A

Display-Sound

Feedback
A

Display-Sound

A

A

Amplifier A/D Computer
"l Conv v
\ 4
Videod& < Variable &
Soun Threshold
Control
Raw or Processed EEG values
Threshold is ‘Unknown’
Amplifier A/D Computer
"l Conv v
\ 4
Videod& Variable & |4 Z Score
Soun Threshold DLU
Control

Move Z toward O

Score Neurofeedback

Standard EEG
Neurofeedback

1- Apples & Organges
2- Arbitrary Threshold
3- No reference to Guide NF

Real-Time or “Live”
Z Score Neurofeedback

1- Metric, i.e., a ‘Z’ Score

2- Threshold toward ‘0’

3- Instantaneous Comparison
to a normative database
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Complex Demodulation
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JTFA Instantaneous Z-5Scores are Always Smaller than FFT Z Scores

EEG Input Speciral Analyses Vanance
i=n S=n
D)
=1 §=1
: S=n
—* FFT -
5=1

FFT Z Scores > JTFA Z Scores




History of the Distribution of Applied Neuroscience, Inc.

1-

_._

3

4-

Z Score Biofeedback DLL
Fobert W. Thatcher, Ph.D.

CDBioFeedBackDLL 1.0.0 (6/1/04): 1** dll and beta version for testing.

CDBioFeedBackDLL 1.0,1 (%/1/04): Beta version distributed to
BrainMaster to test and not distribute.

CDEBioFeedBackDLL 1.0,2 (4/13/06): Beta distribution (Brainmaster &
Thought Technology).

CDBioFeedBackDLL 1.0.3 (8/2/06): Distribution with improved
documentation.

CDBioleedBackDLL 1.0.5 (321/07): Fixed bug in eves open age 13-16
database. Distributed the DLL to BrainMaster. EEG Spectrum, Nexus,

Devmed and Thought Technology.

CDBioFeedBackDLL 1.0.6 (6/2/06): Modified the dl] for Thought
Technology so that they can distribute the dll by CD and use their own
installation program to install the dll.

CDBioFeedBackDLL 1.0.7 (10/5/07): 1- Replaced the database with the 11
ages as used in NenuroGuide. 2- added amplifier equilibration factors for
Devmed, Nexus, BrainMaster (1); 3- Improved the key message so that itis

easier to copy and paste the Kev A to an email, 4- added two more functions
specifving the vendor or OEM and the amplifier and, 5- added the ability to
do “couples™ biofeedback or to provide Z scores simultaneously from two
different individuals.



Individualized Protocol Design Based on Convergence of
QEEG Z Scores and Symptom Check List — NF1

Symptcl’_rigtCheCk QEEG Z Scores

10/20 Channel Sum
anneis
L e e 19 Ffatures
SCL X X
Abs. Power X
Coherence <1 |
Phase Reset
Sum __ 1 3
Locations
\ 4

Neurofeedback Control Panel




Individualized Protocol Design Based on Convergence of
QEEG Z Scores and Symptom Check List — NF2

Symptcl)_rir;tCheck QEEG Z Scores LORETA Z Scores
Sum
. ¥ 19 Ffatures
SCL X X
Abs. Power X
Coherence <1 |
Phase Reset
Loreta
Sum __ 1 3
Locations
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Neurofeedback Control Panel




19 Channel Z Score Surface EEG Neurofeedback

Phase | — Basic Acquisition and Real-Time 19 Channel  Z Scores

Phase Il — Add Phase Reset, More Sounds and Visual D isplays, Symptom Check List

Phase Il — Final functioning product — July 2009

LORETA Z Score Neurofeedback

Phase | — Basic Acquisition and Real-time Z Scores

Phase Il — Add Symptom Check List and Brodmann Area M  atching

Phase Ill — Add more sounds and visual displays















Symptom Check List to Create Hypotheses for Neurofe  edback



LORETA Z Score Biofeedback Setup Screen



Neurolmaging Neurotherapy — fMRI Biofeedback



Raw current source density values from Anterior

Cingulate gyrus (ACC) activation in EEG Neuroimage
Neurofeedback. Subjects viewed a bar graph and we re
instructed to increase the height of bar graph whic h was
coupled to an increase in the real-time current sou rce
density of the ACC (14-18 Hz) in the intra-cranial  region of
seven voxels3 (ROI). From Cannon et al, 2006a









