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Illustration of brain information flow that can only be measured by the electroencephalogram using computers. 
Information flow – Millisecond Match-Mismatch  From Rabinovich et al, 2012



Genesis of the Human Electroencephalogram - EEG

1- Pyramidal Neuron Dipoles
2- Oscillations In an Approx. 2mm thick sheet
3- Summated Local Field Potentials (LFP)
4- Amplitude = Proportion of Synchronous/Square Root

of Proportion of Asynchronous Generators
5- Pacemakers and Resonance























Frequencies of the EEG

1- All Pyramidal Neurons can Oscillate form approx 1 Hz to 300 Hz
2- Membrane Potential & Ca++, Na+, K+ ionic conductance 1 – 20 Hz
3- Pacemakers in Limbic, Thalamic and Cortical systems
4- Local Inhibitory Feedback









In-Phase vs Anti-Phase

How Neurons are Selected for
Brief Periods of Time







Reinforced with In-Phase

Suppressed if 
Out-of-phase



In-Phase is
Reinforced

Out-of-Phase is
Suppressed

Thalamic Gating to the Neurocortex

In-Phase is
Reinforced

Out-of-Phase is
Suppressed





What is EEG Phase Difference and Coherence

Note: ICA & PCA Reconstruction 
Obliterate the Phase Differences

Present in the Original EEG Recording







How to Measure Phase Shift and Phase Lock

Phase Reset and Neural Resource
Selection and Allocation

Note: ICA Obliterates Time & Phase Differences
Between Channels and Cannot be Used

for These Type of Analyses
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EEG Phase Reset as a Phase Transition in the Time Domain
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6 cm 12 cm 18 cm 24 cm

Development of Phase Synchrony Interval
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Table V
Correlations between Coherence and Phase Shift (Chaos)

and Phase Synchrony (Stability)
Chaos Stability

Coherence
- 0.547 0.863

Chaos --------- - 0.386

Stability - 0.386 --------



Published in NeuroImage – NeuroImage, 42(4): 1639-1653, 2008.

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 Neuroscience Research Institute. 
St. Petersburg, Fl1 and Department of Neurology, University 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)







Phase Shift Duration (SD)

Phase Lock Duration (LD)
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Cross-Frequency Phase Shift and Phase Lock

Note: ICA Obliterates Time & Phase Differences
Between Channels and Cannot be Used

for These Type of Analyses











Electrical NeuroImaging of Functional Modules 
and Hubs as Measured by fMRI and PET

Phase Shift and Phase Lock Switch Dynamics that “Animate”
Information Flow Within and Between Modules and Hubs



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

Occipital Lobe
Visual perception &
Spatial processing

Parietal Lobe
somatosensory perception integration
of visual & somatospatial information

Temporal Lobe
language function and
auditory perception 

involved in long term 
memory and emotion 

Brodmann Areas

Parahippocampal Gyrus
Short-term memory, attention

Anterior Cingulate Gyrus
Volitional movement, attention, 
long term memory

Posterior Cingulate
attention, long-term 
memory



Laird et al (2011) summarized the various "intrinsic connectivity networks" or ICNs into eighteen 
specific groupings based upon 30,000 fMRI and PET studies









Electrical Neuroimaging and Cortical Source 
Localization

Tomographic Slice 
Display

Horizontal, Sagital & Coronal 
Views of a Single Slice

Cortical Surface Projection







Electrical Neuroimaging – Assessment and 
Treatment

Advantages of Electrical Neuroimaging

1- Spatial Resolution – 1 cm to 3 cm

2- Temporal Resolution – 1 msec

3- Imaging of Current Sources

4- Imaging of Network Connections

5- Integration with DTI & fMRI (Brodmann Areas)

6- Inexpensive ($10,000 vs $3,000,000)

7- Dry Electrodes & Wireless Caps

8- Portable

9- Integration with Smart Phones & Tablets

10- Can Assess & Treat in Real-Time1









1- A Node is the principle unit of a network in which nodes are connected (linked) to other 

nodes, 

2- A Network consists of a number of nodes connected by links.  Nodes are also called 

vertices.    

3- A link is a connection between two nodes in the network.   Links are also referred to as 

edges or simply network connections. Axons are the links between neurons.

4- The degree of a node is the number of nearest neighbors to which a node is connected.  

The mean degree of the network is the mean of the individual degrees of all nodes in the 

network.

5- Modules are clusters of neurons with high density of nearest neighbors and are high degree 

nodes.  

6- Hubs are regions that link distinct clusters or modules.  Provincial hubs  are hub regions 

that are highly connected within one module and connector hubs are hub regions that link 

multiple modules. 

7- A scale-free network is where the distribution of node number follows a power law.

8- A specific pattern of links or connections defines the network’s Topology.

Graph Theory and Neural Topology



Small world models emphasizes the intermediate position of total  regularity and 

randomness  where the small world model while containing random

connections involves a small set of preferred long distance connections.   



Noisy Ionic Channels, Action Potentials and Stochastic Resonance



The 'Small-World' models are considered to be the 

best balance of these opposing factors.









Correlations Between EEG Neuroimaging and  Diffusion Spectral Imaging (DTI)







































Multiple Regressions of QEEG with FULL IQ
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EEG Neurofeedback















Neuroimaging Neurofeedback – Fort 
Campbell

Display-Sound

Amplifier
A/D 
Conv

Computer

Variable &
Threshold

Video &
Sound
Control

Z Score
‘DLL’

Feedback

Symptom Check 
List

Current SourcesCoherence & Phase







List of
Symptoms

Click Symptoms or Neuropsychological
Diagnoses or Dod/VA List or Networks
& Severity

List of Matching
Brodmann Areas 

Anatomical
Hypotheses

Neuroimaging Neurofeedback Symptom Check List















Examples of Surface EEG Changes After EEG Neurofeedback

Pre-Treatment Post – 10 Treatments

TBI Subject #1

TBI Subject #2



Examples of Electrical Neuroimaging After Neurofeedback

Pre-Treatment Post – 10 Treatments

S #1

S #2












