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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 NeuroImaging Laboratory, Applied Neuroscienc e Research Institute. 
St. Petersburg, Fl1 and Department of Neurology, Un iversity of South Florida 

College of Medicine, Tampa, Fl.2



Regressions & Correlations of Phase Shift Duration Short Distances (6 cm)

Regressions & Correlations of Phase Locking Interval Short Distances (6 cm)

r = .876 @ p< .01 r = .954 @ p< .0001 r = .868 @ p< .01 r = .874 @ p< .01

r = -.875 @ p< .01 r = -.930 @ p< .001 r = -.895 @ p< .01 r = -.985 @ p< .0001

IQ = 78 + 13.78 x (msec) IQ = 70 +11.85 x (msec) IQ = 75 + 24.45 x (msec) IQ = 68 + 34.40 x (msec)

IQ = 143 - 3.11 x (msec) IQ = 142 - 3.36 x (msec) IQ = 132 - 4.57 x (msec) IQ = 140 - 20.08 x (msec)
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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 NeuroImaging Laboratory, Applied Neuroscienc e Research 
Institute., St. Petersburg, Fl1 and the Internation al Brain Research 

Foundation, Menlo Park, NJ2
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Essentials of Operant Conditioning

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

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 

2- The ‘Reinforcement’ must be distinct and clear

4- The Schedule of Reinforcement is Important with t 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 I 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 Potentials a 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



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)

The EEG is Produced Exclusively by Summated Synapti c Potentials

Eric Kandel “In Search of Memory” Norton & Co., 2006  – Nobel Prize 2000

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

Gyorgy Buzsaki “Rhythms of the Brain”, Oxford Univ. P ress, 2006

Some Relevant Items and Questions
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Multiple Regressions of QEEG with FULL IQ
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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
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Raw or Processed EEG values
Threshold is ‘Unknown’

Move Z toward 0

1- Metric, i.e., a ‘Z’ Score
2- Threshold toward ‘0’
3- Instantaneous Comparison

to a normative database

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

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

10/20 Channels

Phase Reset
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Neurofeedback Control Panel

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

LORETA Z Scores
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Phase I – Basic Acquisition and Real-Time 19 Channel  Z Scores

Phase II – Add Phase Reset, More Sounds and Visual D isplays, Symptom Check List

Phase III – Final functioning product – July 2009

19 Channel Z Score Surface EEG Neurofeedback

LORETA Z Score Neurofeedback

Phase I – Basic Acquisition and Real-time Z Scores

Phase II – Add Symptom Check List and Brodmann Area M atching

Phase III – Add more sounds and visual displays











Symptom Check List to Create Hypotheses for Neurofe edback



LORETA Z Score Biofeedback Setup Screen



NeuroImaging 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 






