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Neurofeedback’s first fifty years:
my Story
Robert W. Thatcher

Applied Neuroscience Research Institute and Applied Neuroscience, Inc.

Why and how I was initially motivated to enter the neurofeedback field

Helping others was and is the most important motivation, and wanting to know why life,
consciousness and the Universe exist is the second motivation. I was fortunate to have had a
good 4 year education as a graduate student at the University of Waterloo (1966—1970) as I
matured and gained a spiritual humility to better understand consciousness and myself and
the Universe. In 1969 Steven Fox gave a series of lectures and workshops, including methods
of implanting electrodes in the brain of a cat to do Neurofeedback (called EEG biofeedback in
those days). He explained how he and his graduate students (Peter Rosenfeld and Alan
Rudell) do EEG biofeedback and evoked potential biofeedback from implanted electrodes
and scalp electrodes. In 1971, I was a postdoc at Albert Einstein College of Medicine, and I
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1l who was doing cat Neurofeedback training. I observed Alan

was introduced to Alan Rude
preparing to do Neurofeedback with a cat moving around in a cage with electrodes

implanted in the brain. I asked Alan what he was doing and he said that he was doing
evoked potential biofeedback. He asked me to select a part of the cat’s visual evoked potential

and then he will train the cat to change the amplitude or latency or polarity. I knew that the

Jateral geniculate projects to cortical layer IV which determines the P-100 component, and so

selected it and asked him to reverse the polarity and make the positive P-100 a negative
N-100. Alan raised his eye brow a bit and smiled — ok let’s go! Initially, every now and
then a negative potential would occur and immediately a milk reward was delivered to -
the cat through a tube in its mouth. Within 10—15 min the Cat was lapping up the milk
and the P-100 became a N-100! So there you go, a convincing and eye opening firsthand expe-
rience that has been confirmed multiple times since 1969 Other motivating experiences while
a young post doc included attending Eric Kandel lectures on the molecular mechanisms of
EEG operant conditioning (for which he was awarded a Nobel Prize) and Dominic Purpura’s
influence. Alan placed electrodes everywhere in the brain and discovered that everything is
modifiable, single neurons, groups of neurons, larger groups of neurons and the EEG.

In 1973, I was appointed as an assistant professor at New York Medical College in the
department of Psychiatry. My office and laboratory were in the Brain Research facility

with E. Roy John, a brilliant, multilingual and imaginative person with a deep passion for

mankind and the clinical applications of EEG. Roy and Stephen Fox were friends as well
d the world, and he also was passionate

as with Walter Freeman and many others from aroun v
about Neurofeedback. In 1977 I was appointed as an associate professor at NYU School of
Medicine where I wrote the EEG biofeedback section of a NIH grant as a co-investigator,
with E. Roy John as the PI. I was responsible for developing EEG biofeedback at a learning

disabilities center in Long Island (BOCES) using one and/or two channels and reinforcing the

alpha frequency. In the first year we successfully operantly conditioned children with various

disorders, but after the second year the NIH grant funding was cut back and the Neurofeed-
back section was terminated. The focus shifted to patients with depression and aging and
Alzheimer’s and other psychiatric disorders. I continued to read the biofeedback scientific
literature and later resumed working with EEG neurofeedback in 1994 in collaboration

with Daniel Hoffman and Lexicor, Inc.

t important and landmark developments in the field over

Opinion of the mos
the fifty-year time span

I believe that the greatest contributions to the field of EEG biofeedback (Neurofeedback)
were by the pioneers who laid the physiological foundations and the fundamental science
in the 1960s—70s that later was buttressed by the 1970—1990s discovery of the molecular
mechanisms by which operant conditioning changes the size and number of synapses.
This was summarized in Eric Kandel's Nobel Prize in the year 2000. Since this time, the

history of EEG Neurofeedback has been one of building on expanding computer technology

coupled with the neuroscience knowledge to use EEG biofeedback to improve clinical

fewer sessions and less cost. Kandel proved that neurofeedback had a bright
future by demonstrating the how and why of operant conditioning at the molecular level.
The single unit, multi-unit, evoked potential and EEG operant conditioning in animal studies
of the 1960’s by Edward Feta, Steven Fox, Alan Rudel, Peter Rosenfeld and Barry Sterman
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were landmark studies. The human operant conditioning studies by Knott and Henry in 1941
and later by Joe Kamiya and Joel Lubar and Barry Sterman were also landmark studies that
set the stage for the clinical applications of EEG neurofeedback. I believe that my and my col-
league’s implementation of normative database comparisons for assessment and protocol
development, and our invention of real-time Z score neurofeedback in the 1990s—2000s
were also landmark developments. I also believe that the implementation of 19 channel Neu-
rofeedback, and especially 3-dimensional LORETA source neurofeedback in the 2000s were
landmark developments. For example, since our first distribution in 2006 there are now
over 7,000 clinicians using Z score Neurofeedback worldwide. This includes numerous VA
medical centers and military rehabilitation facilities. Prior to 2006 there was no real-time Z
score Neurofeedback — hence it was a game changer.

Another important development was the application of the physics of inverse solutions to
measure the sources of the scalp EEG in the 1970s and 1980s. While working at NIH as the
project manager for the development of the first 128 channel EEG, and to integrate EEG with
fMRI and PET I had the opportunity to work with many brilliant scientists to cross-validate
the accuracy of EEG inverse solutions. One of the inverse solutions that we tested was Low
Resolution Electromagnetic Tomography (LORETA) in 1994. The use of EEG inverse
solutions meant that EEG Neurofeedback of the sources of the EEG such as the amygdala,
hippocampus, cingulate gyrus and all of the 88 Brodmann areas was possible. This is of
huge importance. One of the principles of operant conditioning is “specificity”, and by eval-
uating the 3-dimensional sources of the EEG in real-time one can link specific symptoms to
dysregulation in specific brain networks. Very relevant to this, I and Dr. Juan Gomez
published a paper on the relationship between frequency and time that furthered the under-
standing of exactly how to do EEG neurofeedback from Brodmann areas and network hubs
and connections between hubs (Gomez and Thatcher, 2001).

In Addition to the above positive landmark developments, there have been some historical
issues I consider negative. In spite of the solid physiological science underlying EEG operant
conditioning (Kandel’s Nobel prize and over 2,000 peer reviewed journal articles), insurance
companies still fail to properly reimburse for EEG Neurofeedback. Recent specific negative
developments include the insistence by certain biased individuals with competitive motives
that only sham control studies and randomized control studies be used as valid science in
support of the operant conditioning of the EEG. Over the last 100 years only about 5% of
all clinical and/or medical publications involve sham controls of various types, and, there-
fore, this is a biased and unreasonable burden placed on the entire Neurofeedback field. In
fact, there are numerous double-blind and various sham control published studies. However,
the critics of neurofeedback demand more and more. Therefore, in my opinion a major
hindrance to the development of neurofeedback is the biased and unjustified “put-down”
criticism of Neurofeedback.

Author’s most important personal contributions to the evolution of the
p p
field—past, present and future

I consider my most important contribution to be the 1994 introduction of a reference norma-
tive database to the field of Neurofeedback. In 1993 while working at the National Institutes of
Health (NINDS) I received a call from Michael Hickey (CEO of Lexicor, Inc) who described
their new 19 channel EEG amplifier and ideas for EEG neurofeedback. Michael explained
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that there was no standardization of QEEG or any comparisons of patients to a reference
population to help design Neurofeedback protocols and to link symptoms to dysregulation
in the brain. I recommended that the reference normative database from birth to age 82 years
that I developed at the University of Maryland be incorporated into the Lexicor QEEG assess-
ment software. Michael liked the idea and invited me to travel to Boulder, Colorado (where I
first met Steve Stockdale and Daniel Hoffman) to plan how to integrate the means and
standard deviations of QEEG from birth to 82 years of age from my University of Maryland
normative database. This we accomplished in a few months. The University of Maryland
norms were first sold to clinicians by Lexicor, Inc. in June 1994. This was the first time in
the history of EEG biofeedback that a normative reference database was used to assess a
patient’s brain before during and after neurofeedback. In 1998 I wrote an article in the Journal
of Neurotherapy that described this new development in detail (Thatcher, 1998).

I consider the introduction of Z scores for assessment, protocol design and real-time Z
score neurofeedback to be my second most important and enduring contributions to the field.
In 1998, I also suggested to Lexicor a new form of EEG biofeedback that I called “Z Score
Neurofeedback” in which real-time comparisons to an age matched reference population
of healthy or normal subjects are used as a guide or “compass” to increase specificity and
provide a uniform direction and threshold for the biofeedback process (Thatcher, 1998, pp.
16—21; 1999; 2000a; 2000b). At this time Lexicor was not able to implement my idea, and it
was not until 2003 that I was in a position to implement Z score neurofeedback myself in
the form of a distributable “dynamic link library” (DLL). In 2004, after extensive testing I
distributed the DLL to Brainmaster, Inc. and Thought Technology, LLC. Brainmaster was
the first to distribute the real-time Z score DLL in 2006, followed shortly by Thought Tech-
nology. Simkin, Thatcher, & Lubar, 2014 many different companies (Thought Technology,
Mind Media, Neurofield, EEG Spectrum, Brain Master, Deymed, NxLink, EEGPro, and
Applied Neuroscience) have distributed the real-time Z score DLL inside their respective soft-
ware environments; and in 2019 there are over 7,000 users of this new invention. Since 2008
there have been over 60 scientific publications using Z score Neurofeedback (Bell et al., 2019;
Kerson et al., 2008; Collura, 2008a; 2008b; 2008c; Collura., 2009; Collura et al, 2009; 2010;
Decker et al., 2014; Duff, 2004; Frey and Koberda, 2015; Foster and Thatcher, 2014; Gluck,
and Wand, 2014; Groeneveld et al.,, 2019; Guan, 2016; Hammer et al., 2011; Kaur et al.,
2019; Engelbregt et al., 2016; Koberda, 2011; Koberda, 2012a; 2012b; Koberda, 2014a; 2014b;
2014c; 2014d; 2014e; 2014f; 2014g; 2014h; 2014i; Koberda, 2015a; 2015b; 2015¢; Koberda
et al, 2012a; 2012b; 2012c; Koberda et al, 2013a; 2013b; 2013c; Koberda et al., 2014a;
2014b; 2014c; 2014d; Koberda and Frey, 2015a; 2015b; Krigbaum and Wigton, 2014; Lambos
and Williams, 2014; Little et al., 2014; Lubar, 2014; Pérez-Elvira et al., 2018; Pérez-Elvira et al,,
2019; Simkin et al., 2014; Smith, 2008; Stark, 2008; Thatcher, 2000a; 2000b; 2000c; 2010a;
2010b,2010c; 2012; 2013; Thatcher et al., 2014a; 2014b; 2014c; Thompson and Thompson,
2014; 2015; Wigton, 2013; Wigton and Krigbaum, 2015.

Prior to Z score Neurofeedback clinicians had to guess about what threshold to set for a
given frequency or location to trigger the feedback signal or reinforcer signal. The clinician
had to ask and answer questions like: Shall I reward alpha rhythms when they exceed
10 pV? or 20 pV?, shall I inhibit theta rhythms when they exceed 5 pV or 10 pV? What
threshold for coherence shall T use for a particular age or scalp location? What EEG frequency
and amplitude will be the threshold for a given scalp location at a given age? Over the years
different protocols had been developed where “one size fits all” were adopted independent of
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age or symptoms. There was a lack of standardization and an abundance of arbitrary
threshold selections prior to the advent of Z score Neurofeedback in 2006.

Z score Neurofeedback was a game changer because it greatly simplifies and standardizes
EEG biofeedback by reducing many different metrics that are like apples and oranges (abso-
lute power, relative power, ratios, coherence, phase) to a single or common metric of the Z
score, i.e., the distance a given metric is with respect to the EEG from a group of age matched
healthy normal subjects. Z score Neurofeedback also takes the arbitrariness and guess work
out of setting a threshold to determine when to deliver a reward signal. For example, there is
a unifying objective of reinforcing EEG measures of all kinds toward Z = 0 which is the center
of the age matched normal population. This is like providing real-time feedback of a blood
test for cholesterol or liver enzymes and reinforcing movement toward the standards of a
normal healthy population.

In the following section I list my contributions which I consider to have had major positive
influences on the field for the past twenty five years, and which, along with their continuing
refinement, hold much promise for the future.

List of contributions to the field of EEG neurofeedback

1994

¢ First to Introduce and Implement a Normative Database for assessment prior to EEG
Biofeedback (Lexicor). The goal was to use Z Scores from Norms for Assessment,
Biofeedback Protocol Development & Evaluation of Treatment efficacy following
Biofeedback (Thatcher, 1998).
1999

* First to publish how to compute LORETA Z scores in real-time for Neurofeedback
(Gomez & Thatcher, 2001; Thatcher, 1999).
2002

* First to Produce Commercial Software that Integrates Conventional EEG with QEEG on

the Same Screen at the Same Time from birth to 82 years called “NeuroGuide” that was
later FDA registered in 2004.
2003

* First to Invent and Implement a “Real-Time DLL” (Dynamic Link Library) of 2 and 4

channel Z Scores (“Live Z Scores”- 1 msec time resolution) for EEG Neurofeedback that
was later distributed to multiple Neurofeedback companies for usage by over 7,000
clinicians using “Real-Time” Z Score DLLs in 2018.

2004

» First to implement LORETA Z scores for Assessment and evaluation of clinical efficacy

following Neurofeedback and Biofeedback.
2005

« First to Implement LORETA Source Correlations (Thatcher, Biver, & North, 2007a, 2007b).

2008

* First to create and implement a 19 channel Z Score DL that was licensed to numerous

EEG companies.

¢ First to Implement Surface EEG Phase Shift & Phase Lock measures for Research and

for Neurofeedback (Thatcher, North, & Biver, 2008a, 2008b).
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» First to Implement Cross-Frequency Phase Lock & Phase Shift Duration of the surface

EEG for assessment.

2009
« First to seamlessly integrate Z score QEEG Assessment and Neurofeedback in the same

software platform and linking symptoms to Brodmann areas.
o First to Implement Surface Laplacian EEG Neurofeedback.
« First to Implement Average Reference EEG Neurofeedback.
» First to Implement a Symptom Check List to produce Neurofeedback protocols of the

Surface EEG.
2011

s First to Implement LORETA Z Score Neurofeedback of the 88 Key Institute Brodmann
area center voxels.

+ First to Implement a Symptom Check List and PET, fMRI and neurological history to
LORETA Z score Neurofeedback of Brodmann areas and functional connections
between Brodmann areas.

2012
« First to Implement LORETA Coherence and Phase Difference in Neurofeedback.

+ First to Produce the “Handbook of QEEG and EEG Biofeedback” a Textbook for
Students and Professionals.

2013
= First to Implement LORETA Z Scores of Phase Lock & Phase Shift to Neurofeedback.

o First to Implement Real-Time Nodes (Brodmann Areas) and Connections (Coherence/
Phase) between Nodes for Assessment and Neurofeedback (BrainSurfer).

« First to Implement Real-Time Phase Shift and Phase Lock Duration Between Nodes
(Brodmann Areas) for Assessment and Neurofeedback (BrainSurfer).

2014
= First to Implement LORETA Phase Shift and Phase Lock Duration Z Scores for Assess-

ment with Color Coded Contour Maps
« First to Implement an Automatic Clinical Report Writer that is Generated Locally to

-

@

Empower Individual Clinicians Removing the need for External QEEG Report Services Ref

« First to integrate a 19 channel Dry electrode headset with EEG Neurofeedback Bell
2015 et
= First to Implement NeuroLink to allow patients/clients to assess symptom severity and Ie;
seamlessly select a protocol to reinforce stability in dysregulated brain networks linked Collv
to the symptoms A
= First to implement a Neural Network Injury Index of patients/clients following a Collu
concussion and TBI G 1?'
= First to implement Effective Connectivity or measures of information flow between all 05
combinations of 19 surface EEG channels using the Phase Slope Index (PSI) for Collu
assessment 3s
« First to implement Effective Connectivity or measures of information flow between all Collu
combinations of 88 Brodmann Areas using LORETA with the Phase Slope Index (PSH : & nar
for assessment © n‘z
2016 -
] TF,

« First to Implement the Brain Function Index to allow patients /clients to assess symptom
severity and seamlessly select a protocol to reinforce stability in dysregulated brain net-

works linked to the symptoms
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- First to implement a Neural Network Injury Index of patients/clients following a
concussion and TBI

2017 .

- First to Implement the Brain Function Index to allow patients/clients to assess symptom
severity and seamlessly select a protocol to reinforce stability in dysregulated brain net-
works linked to the symptoms

» First to implement a Neural Network Injury Index of patients /clients following a
concussion and TBI :

« First to implement Effective Connectivity or measures of information flow between all
combinations of 19 EEG channels using the Phase Slope Index (PSI) for assessment

First to implement Effective Connectivity or measures of information flow between all
combinations of 88 Brodmann Areas using LORETA with the Phase Slope Index (PSI)
for assessment.

. First to implement Cross-Frequency Coupling and Cross-Frequency Coherence and
Cross-Frequency Phase-Amplitude for assessment

2018

- First to implement EEG Biofeedback (Neurofeedback) using Cross-Frequency Coupling,
Cross-Frequency Coherence and Cross-Frequency Phase-Amplitude Coupling.

-~ First to use sSwLORETA (Soler et al., 2007) with 12,700 MRI voxels for EEG Neurofeed-
back protocol design using the new NeuroNavigator in NeuroGuide.

- First to design and prepare for a future Cerebellum EEG Neurofeedback protocol. To be
distributed in 2019 pending testing results.

2019

. First to Include Diffusion Tensor Imaging (DTI) Fiber Connectivity with Both Raw
Scores and Z Scores to Help Neurofeedback Protocol Development and to Evaluate Pre
versus Post treatment Brain Changes. Also the first to introduce Cerebellar EEG Biofeed-
back for patients with Parkinsonism and balance problems.
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