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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



Functional Neuroimaging Modalities



Frohlich, F., 2016.  Network Neuroscience.  Academic Press, NY



tuning-pathological-brain-oscillations-Thomas Ros-video  -From Leuchter, 2015



Noninvasive Electromagnetic Source Imaging and Granger Causality Analysis: An Electrophysiological Connectome 
(eConnectome) Approach Abbas Sohrabpour, Shuai Ye, Gregory Worrell, Wenbo Zhang, Bin He , University of Minnesota,

USA, Volume: 63, Issue:12, Pages:2474-2487, 2016



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





From Nunez, Electrical Fields of the Brain, Oxford Univ. Press, 1981



EEG = Summated Potentials at the Scalp



From Varela et al, 2001





How Neurons are Selected
For Brief Periods of Time

Shifting In-Phase vs Anti-Phase





From Hughes et al, 2004



From Hughes et al, 2004



Reinforced with In-Phase

Suppressed if 
Out-of-phase







From Jensen,O.,and Colgin,L.L. (2007)



From Peron et al, 2013



How to Measure Phase Shift and Phase Lock

Phase Reset and Neural Resource
Selection and Allocation
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6 cm 12 cm 18 cm 24 cm

Development of Phase Synchrony Interval
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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)
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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



From Raichle, 2010



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





From Catani and deShotten, 2012



From Catani and deShotten, 2012













From Hagmann et al, 2008



Correlations Between EEG Neuroimaging and  Diffusion Spectral Imaging (DTI)













Symptoms
Clinical History

Assessment Treatment

Essential Steps in Helping Patients with 
Neurological/Psychological Problems

QEEG
DTI
MRI
fMRI
PET

Clin Interview

Neurofeedback
BCI

Light Therapy
tDCS
rTMS

Medication

Assess, Address, Reassess …





Clinical Evaluation

Hypothesis Formation

Visual Examination

Artifact Rejection

Linked Ears

Laplacian

LORETA

Clinic Report

QEEG Report Generation Sequence



•No Delays with Minimal Expense for a Professional Quality In-House QEEG Clinical Report

•Less than One Minute to Produce a Professional QEEG Clinical Report, in  Microsoft Word format

•ACR Provides: Empowerment, Simplicity, Accuracy & Efficiency!

•Get Valid Normative Database Comparisons using without Depending on Internet Q-EEG Report Services!

•Get Relevant Content and Displays, plus Helpful NFB Recommendations in Less than a Minute.

•Increased Productivity by at Least 10 Fold, e.g. Ten Reports in an Hour!

Automatic Clinical Report Writer (ACR)









Rehabilitation History

EEG Tests
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The BrainRehab Index



The BrainRehabilitator
Portable System

Dry EEG  Headset

EEG Control

BrainRehab Index

NeuroFeedback

Photobiomodulation

Electrical Brain
Stimulation tDCS

Assessment Treatment

TM





What is the Future for Z Score Neurofeedback?

1- Expanding Number or Clinicians Using Z Score NFB

2- Expanding Number of Metrics:
a- Effective Connectivity
b- Cross-Frequency Coherence
c- Cross-Frequency Effective Connectivity
d- Phase Amplitude Cross-Frequency Coupling
e- swLORETA – Individualized MRI & NFB

3- New Brain Imaging Technology

4- Smart Phone and Tablet Techology



Moment-to-Moment “Regulation” and “Dysregulation”





Optimal 
Efficiency



Neuroimaging Neurofeedback - Fort Campbell

Symptom Check ListCurrent SourcesCoherence & Phase

Amplifier
A/D 

Conv Computer

Variable &
Threshold

Video &
Sound 
Control

Display-Sound Z Score
‘DLL’

Feedback









Tuning-pathological-brain-oscillations-Thomas Ros- 2016



Tuning-pathological-brain-oscillations-Thomas Ros- 2016



Tuning-pathological-brain-oscillations-Thomas Ros- 2016





Select a Network or Symptoms, Frequency and Metric



Select a Metric 
(Power, Phase, Coherence, 

or Amplitude Asymmetry)

Select Montage
Linked Ears, 

Average Reference 
& Laplacian

Event Integration
Interval (Variability)

Sound 
On/Off

Select Frequency Bands for 1 to 19 Channels & 
Combinations of Channels for Cross-Spectra

Z Score Neurofeedback Panel

Symptom Check List

Save, Load 
& Cancel

Select Protocol, Session Rounds 
or Progress Tabs

Z Tunes is the
Reward Default

Visual Displays & 
DVD & MM Players

Z Score Threshold
Reward if Less Than

or Greater Than

Begin or End 
Session



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



Move the Display to the Client’s Monitor

Select Progress Charts as Feedback
to a Client and then Click Apply

Neurofeedback Setup Panel

Move to the 
Client’s Monitor

Use the Progress Chart as a Feedback Display



Progress Charts to be Monitored by the Clinician During Neurofeedback

Percentage of Time 
that a Reward was 
Delivered (per sec)

Average Z Scores
Updated Each 

Second

Z Score Range

View Instantaneous 
Z Scores

Toggle Back & Forth between 
Protocol Window & Progress Charts

Red Mark Designates
Settings Change

Display Time Base
1 min to 30 min







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
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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



Functional Neuroimaging Modalities



Frohlich, F., 2016.  Network Neuroscience.  Academic Press, NY



tuning-pathological-brain-oscillations-Thomas Ros-video  -From Leuchter, 2015



Noninvasive Electromagnetic Source Imaging and Granger Causality Analysis: An Electrophysiological Connectome 
(eConnectome) Approach Abbas Sohrabpour, Shuai Ye, Gregory Worrell, Wenbo Zhang, Bin He , University of Minnesota,
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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





From Nunez, Electrical Fields of the Brain, Oxford Univ. Press, 1981



EEG = Summated Potentials at the Scalp



From Varela et al, 2001





How Neurons are Selected
For Brief Periods of Time

Shifting In-Phase vs Anti-Phase





From Hughes et al, 2004



From Hughes et al, 2004



Reinforced with In-Phase

Suppressed if 
Out-of-phase







From Jensen,O.,and Colgin,L.L. (2007)



From Peron et al, 2013



How to Measure Phase Shift and Phase Lock

Phase Reset and Neural Resource
Selection and Allocation
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6 cm 12 cm 18 cm 24 cm

Development of Phase Synchrony Interval
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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)
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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



From Raichle, 2010



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





From Catani and deShotten, 2012



From Catani and deShotten, 2012













From Hagmann et al, 2008



Correlations Between EEG Neuroimaging and  Diffusion Spectral Imaging (DTI)













Symptoms
Clinical History

Assessment Treatment

Essential Steps in Helping Patients with 
Neurological/Psychological Problems

QEEG
DTI
MRI
fMRI
PET

Clin Interview

Neurofeedback
BCI

Light Therapy
tDCS
rTMS

Medication

Assess, Address, Reassess …





Clinical Evaluation

Hypothesis Formation

Visual Examination

Artifact Rejection

Linked Ears

Laplacian

LORETA

Clinic Report

QEEG Report Generation Sequence



•No Delays with Minimal Expense for a Professional Quality In-House QEEG Clinical Report

•Less than One Minute to Produce a Professional QEEG Clinical Report, in  Microsoft Word format

•ACR Provides: Empowerment, Simplicity, Accuracy & Efficiency!

•Get Valid Normative Database Comparisons using without Depending on Internet Q-EEG Report Services!

•Get Relevant Content and Displays, plus Helpful NFB Recommendations in Less than a Minute.

•Increased Productivity by at Least 10 Fold, e.g. Ten Reports in an Hour!

Automatic Clinical Report Writer (ACR)
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The BrainRehab Index



The BrainRehabilitator
Portable System

Dry EEG  Headset

EEG Control

BrainRehab Index

NeuroFeedback

Photobiomodulation

Electrical Brain
Stimulation tDCS

Assessment Treatment

TM





What is the Future for Z Score Neurofeedback?

1- Expanding Number or Clinicians Using Z Score NFB

2- Expanding Number of Metrics:
a- Effective Connectivity
b- Cross-Frequency Coherence
c- Cross-Frequency Effective Connectivity
d- Phase Amplitude Cross-Frequency Coupling
e- swLORETA – Individualized MRI & NFB

3- New Brain Imaging Technology

4- Smart Phone and Tablet Techology



Moment-to-Moment “Regulation” and “Dysregulation”





Optimal 
Efficiency



Neuroimaging Neurofeedback - Fort Campbell

Symptom Check ListCurrent SourcesCoherence & Phase

Amplifier
A/D 

Conv Computer

Variable &
Threshold

Video &
Sound 
Control

Display-Sound Z Score
‘DLL’

Feedback









Tuning-pathological-brain-oscillations-Thomas Ros- 2016



Tuning-pathological-brain-oscillations-Thomas Ros- 2016



Tuning-pathological-brain-oscillations-Thomas Ros- 2016





Select a Network or Symptoms, Frequency and Metric



Select a Metric 
(Power, Phase, Coherence, 

or Amplitude Asymmetry)

Select Montage
Linked Ears, 

Average Reference 
& Laplacian

Event Integration
Interval (Variability)

Sound 
On/Off

Select Frequency Bands for 1 to 19 Channels & 
Combinations of Channels for Cross-Spectra

Z Score Neurofeedback Panel

Symptom Check List

Save, Load 
& Cancel

Select Protocol, Session Rounds 
or Progress Tabs

Z Tunes is the
Reward Default

Visual Displays & 
DVD & MM Players

Z Score Threshold
Reward if Less Than

or Greater Than

Begin or End 
Session



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



Move the Display to the Client’s Monitor

Select Progress Charts as Feedback
to a Client and then Click Apply

Neurofeedback Setup Panel

Move to the 
Client’s Monitor

Use the Progress Chart as a Feedback Display



Progress Charts to be Monitored by the Clinician During Neurofeedback

Percentage of Time 
that a Reward was 
Delivered (per sec)

Average Z Scores
Updated Each 

Second

Z Score Range

View Instantaneous 
Z Scores

Toggle Back & Forth between 
Protocol Window & Progress Charts

Red Mark Designates
Settings Change

Display Time Base
1 min to 30 min







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
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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



Functional Neuroimaging Modalities



Frohlich, F., 2016.  Network Neuroscience.  Academic Press, NY



tuning-pathological-brain-oscillations-Thomas Ros-video  -From Leuchter, 2015



Noninvasive Electromagnetic Source Imaging and Granger Causality Analysis: An Electrophysiological Connectome 
(eConnectome) Approach Abbas Sohrabpour, Shuai Ye, Gregory Worrell, Wenbo Zhang, Bin He , University of Minnesota,

USA, Volume: 63, Issue:12, Pages:2474-2487, 2016



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





From Nunez, Electrical Fields of the Brain, Oxford Univ. Press, 1981



EEG = Summated Potentials at the Scalp



From Varela et al, 2001





How Neurons are Selected
For Brief Periods of Time

Shifting In-Phase vs Anti-Phase





From Hughes et al, 2004



From Hughes et al, 2004



Reinforced with In-Phase

Suppressed if 
Out-of-phase







From Jensen,O.,and Colgin,L.L. (2007)



From Peron et al, 2013



How to Measure Phase Shift and Phase Lock

Phase Reset and Neural Resource
Selection and Allocation
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Development of Phase Synchrony Interval
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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)

150 350

F
u
ll 

S
c
a
le

 I
.Q

.

Time (msec)

40 60

F
u
ll 

S
c
a
le

 I
.Q

.

Time (msec)

50

250

EPSP
Duration

Average
SD

LD

Average

Pyramidal Cell Model of EEG 

Phase Reset and Full Scale I.Q. 

High

Low

High

Low

Distant EPSP
Loop Connections LD

Local IPSP
Connections

SD

efLFP Pr
Θ−Θ=∆Φ

LFP



















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



From Raichle, 2010



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





From Catani and deShotten, 2012



From Catani and deShotten, 2012













From Hagmann et al, 2008



Correlations Between EEG Neuroimaging and  Diffusion Spectral Imaging (DTI)













Symptoms
Clinical History

Assessment Treatment

Essential Steps in Helping Patients with 
Neurological/Psychological Problems

QEEG
DTI
MRI
fMRI
PET

Clin Interview

Neurofeedback
BCI

Light Therapy
tDCS
rTMS

Medication

Assess, Address, Reassess …





Clinical Evaluation

Hypothesis Formation

Visual Examination

Artifact Rejection

Linked Ears

Laplacian

LORETA

Clinic Report

QEEG Report Generation Sequence



•No Delays with Minimal Expense for a Professional Quality In-House QEEG Clinical Report

•Less than One Minute to Produce a Professional QEEG Clinical Report, in  Microsoft Word format

•ACR Provides: Empowerment, Simplicity, Accuracy & Efficiency!

•Get Valid Normative Database Comparisons using without Depending on Internet Q-EEG Report Services!

•Get Relevant Content and Displays, plus Helpful NFB Recommendations in Less than a Minute.

•Increased Productivity by at Least 10 Fold, e.g. Ten Reports in an Hour!

Automatic Clinical Report Writer (ACR)









Rehabilitation History
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The BrainRehab Index



The BrainRehabilitator
Portable System

Dry EEG  Headset

EEG Control

BrainRehab Index

NeuroFeedback

Photobiomodulation

Electrical Brain
Stimulation tDCS

Assessment Treatment

TM





What is the Future for Z Score Neurofeedback?

1- Expanding Number or Clinicians Using Z Score NFB

2- Expanding Number of Metrics:
a- Effective Connectivity
b- Cross-Frequency Coherence
c- Cross-Frequency Effective Connectivity
d- Phase Amplitude Cross-Frequency Coupling
e- swLORETA – Individualized MRI & NFB

3- New Brain Imaging Technology

4- Smart Phone and Tablet Techology



Moment-to-Moment “Regulation” and “Dysregulation”





Optimal 
Efficiency



Neuroimaging Neurofeedback - Fort Campbell

Symptom Check ListCurrent SourcesCoherence & Phase
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Variable &
Threshold

Video &
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Control

Display-Sound Z Score
‘DLL’

Feedback









Tuning-pathological-brain-oscillations-Thomas Ros- 2016



Tuning-pathological-brain-oscillations-Thomas Ros- 2016



Tuning-pathological-brain-oscillations-Thomas Ros- 2016





Select a Network or Symptoms, Frequency and Metric



Select a Metric 
(Power, Phase, Coherence, 

or Amplitude Asymmetry)

Select Montage
Linked Ears, 

Average Reference 
& Laplacian

Event Integration
Interval (Variability)

Sound 
On/Off

Select Frequency Bands for 1 to 19 Channels & 
Combinations of Channels for Cross-Spectra

Z Score Neurofeedback Panel

Symptom Check List

Save, Load 
& Cancel

Select Protocol, Session Rounds 
or Progress Tabs

Z Tunes is the
Reward Default

Visual Displays & 
DVD & MM Players

Z Score Threshold
Reward if Less Than

or Greater Than

Begin or End 
Session



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



Move the Display to the Client’s Monitor

Select Progress Charts as Feedback
to a Client and then Click Apply

Neurofeedback Setup Panel

Move to the 
Client’s Monitor

Use the Progress Chart as a Feedback Display



Progress Charts to be Monitored by the Clinician During Neurofeedback

Percentage of Time 
that a Reward was 
Delivered (per sec)

Average Z Scores
Updated Each 

Second

Z Score Range

View Instantaneous 
Z Scores

Toggle Back & Forth between 
Protocol Window & Progress Charts

Red Mark Designates
Settings Change

Display Time Base
1 min to 30 min







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













Advanced Concepts on EEG and QEEG Assessment 
and Human Performance

International Symposium on Clinical Neuroscience – Feb 3-5, 2017

Linking Symptoms to qEEG Biomarkers
and Neurofeedback 

Robert W. Thatcher,  Ph.D.

Applied Neuroscience, Inc.

8200 Bryan Diary Rd., Suite 300

Largo, FL



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



Functional Neuroimaging Modalities



Frohlich, F., 2016.  Network Neuroscience.  Academic Press, NY



tuning-pathological-brain-oscillations-Thomas Ros-video  -From Leuchter, 2015



Noninvasive Electromagnetic Source Imaging and Granger Causality Analysis: An Electrophysiological Connectome 
(eConnectome) Approach Abbas Sohrabpour, Shuai Ye, Gregory Worrell, Wenbo Zhang, Bin He , University of Minnesota,

USA, Volume: 63, Issue:12, Pages:2474-2487, 2016



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





From Nunez, Electrical Fields of the Brain, Oxford Univ. Press, 1981



EEG = Summated Potentials at the Scalp



From Varela et al, 2001





How Neurons are Selected
For Brief Periods of Time

Shifting In-Phase vs Anti-Phase





From Hughes et al, 2004



From Hughes et al, 2004



Reinforced with In-Phase

Suppressed if 
Out-of-phase







From Jensen,O.,and Colgin,L.L. (2007)



From Peron et al, 2013



How to Measure Phase Shift and Phase Lock

Phase Reset and Neural Resource
Selection and Allocation
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Development of Phase Synchrony Interval
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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)
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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



From Raichle, 2010



Electrical Neuroimaging and Cortical Source 
Localization

Tomographic Slice 
Display

Horizontal, Sagital & Coronal 
Views of a Single Slice
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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





From Catani and deShotten, 2012



From Catani and deShotten, 2012













From Hagmann et al, 2008



Correlations Between EEG Neuroimaging and  Diffusion Spectral Imaging (DTI)













Symptoms
Clinical History

Assessment Treatment

Essential Steps in Helping Patients with 
Neurological/Psychological Problems

QEEG
DTI
MRI
fMRI
PET

Clin Interview

Neurofeedback
BCI

Light Therapy
tDCS
rTMS

Medication

Assess, Address, Reassess …





Clinical Evaluation

Hypothesis Formation

Visual Examination

Artifact Rejection

Linked Ears

Laplacian

LORETA

Clinic Report

QEEG Report Generation Sequence



•No Delays with Minimal Expense for a Professional Quality In-House QEEG Clinical Report

•Less than One Minute to Produce a Professional QEEG Clinical Report, in  Microsoft Word format

•ACR Provides: Empowerment, Simplicity, Accuracy & Efficiency!

•Get Valid Normative Database Comparisons using without Depending on Internet Q-EEG Report Services!

•Get Relevant Content and Displays, plus Helpful NFB Recommendations in Less than a Minute.

•Increased Productivity by at Least 10 Fold, e.g. Ten Reports in an Hour!

Automatic Clinical Report Writer (ACR)
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The BrainRehab Index



The BrainRehabilitator
Portable System

Dry EEG  Headset

EEG Control

BrainRehab Index

NeuroFeedback

Photobiomodulation

Electrical Brain
Stimulation tDCS

Assessment Treatment

TM





What is the Future for Z Score Neurofeedback?

1- Expanding Number or Clinicians Using Z Score NFB

2- Expanding Number of Metrics:
a- Effective Connectivity
b- Cross-Frequency Coherence
c- Cross-Frequency Effective Connectivity
d- Phase Amplitude Cross-Frequency Coupling
e- swLORETA – Individualized MRI & NFB

3- New Brain Imaging Technology

4- Smart Phone and Tablet Techology



Moment-to-Moment “Regulation” and “Dysregulation”
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Efficiency
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Tuning-pathological-brain-oscillations-Thomas Ros- 2016
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Tuning-pathological-brain-oscillations-Thomas Ros- 2016





Select a Network or Symptoms, Frequency and Metric



Select a Metric 
(Power, Phase, Coherence, 

or Amplitude Asymmetry)

Select Montage
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Average Reference 
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Sound 
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Neuroimaging Neurofeedback Symptom Check List



Move the Display to the Client’s Monitor

Select Progress Charts as Feedback
to a Client and then Click Apply

Neurofeedback Setup Panel

Move to the 
Client’s Monitor

Use the Progress Chart as a Feedback Display



Progress Charts to be Monitored by the Clinician During Neurofeedback
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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












