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Gxy(f) is the cross-spectral density between x and y and Gx(f) and Gy(f) 

are the autospectral density of x and y respectively. 





Variation in amplitude and 

phase. Sometimes referred to 

as synchrony.

Similarity of amplitudes 

across time.

Similarity of the FFT 

spectra regardless of 

phase.

Sometimes referred to as pure 

coherence as it is independent of phase 

and amplitudes.



◎Different approaches to neurofeedback 
have used all of these approaches
◎Coherence has received the most attention 
due to it’s pureness of measurement (not 
without it’s problems)
◎Virtually every neurofeedback systems 
allows you to do coherence training between 
pairs of sites, some do comodulation (EEGer
etc.) and others synchrony



Coherence training as a new form of 
Neurofeedback first began about 18 years ago.

◎The originators included Joseph Horvat, 
Jonathan Walker and Kirt Thornton.
◎All of them started these attempts with persons 
with closed head injuries.
◎Horvat and Walker used coherence training and 
Thornton spectral correlation (even though it is 
called coherence on the Lexicor machine)







Thornton’s work has focused on TBI and Reading Disability



◎Modular insufficiencies 
(location)
◎Diffuse insufficiencies
◎Modular excesses
◎Diffuse excesses
◎Disconnections
◎Hyperconnections













Processing of Coherence Data







Efficacy of Connectivity Guided Neurofeedback on Language Functions and Intelligence in Autism

Robert Coben, Ph.D.1, N. Kyle Jamison, B.S.2, Nicholas Lofthouse, Ph.D.2, Aishwarya

Balasubramaniyan, B.S.3, Elizabeth Hurt, Ph.D.2, & L. Eugene Arnold, M.D., M.Ed.2

1NeuroRehabilitation & Neuropsychological Services, NY
2The Ohio State University Wexner Medical Center
3University of Illinois

Abstract

Due to the limitations of current Autism Spectrum Disorder (ASD) treatment (Tx) 

options and established evidence for its neurological basis, specifically neural 

connectivity abnormalities, we examined the efficacy of neurofeedback (NF) training 

as a Tx for language deficits in autism. We administered up to 20 sessions of 

quantitative electroencephalography-(QEEG) guided NF coherence training, targeting 

the brain’s language centers, to 18 children with autism. When compared to a waitlist 

control group of children with autism matched for age and IQ, significant 

improvements were found in measures of language, intelligence, and ratings of 

autistic behavioral symptoms. Pending further research, NF may be considered an 

effective Tx option to improve language functioning in those with autism.
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Neurofeedback for social skills deficits in Autism Spectrum Disorders

Robert Coben, Ph.D.1, Aishwarya Balasubramaniyan, M.S.2, Nicholas Lofthouse, Ph.D.2, 

N. Kyle Jamison, B.S.2, Elizabeth Hurt, Ph.D.2, & L. Eugene Arnold, M.D., M.Ed.2

1Integrated Neuroscience Services
2The Ohio State University Wexner Medical Center

Abstract

Due to the limitations of existing treatments for autism spectrum disorders (ASD) 

and strong evidence for neurological deficits in ASD, the complementary/alternative 

and neural connectivity-based intervention of neurofeedback (NF) was examined. 

QEEG coherence-based training targeting social skills deficits was administered to 

25 children with ASD and compared to 25 randomized matched waitlist controls. 

Relative to the latter, the NF group had significant pre-post treatment 

improvements, with medium-large effect sizes in social skills, visual processing and 

overall behaviors. Significant EEG NF-related improvements were also shown in the 

neural substrates related to visual/facial/emotional processing. 









Types of connectivity

◼Structural 
connectivity

◼Functional 
connectivity

◼Effective 
connectivity



Comparing DTI to Coherence measurements



Comparing DTI to Coherence measurements











Exemplar: Major Depression



Exemplar: Major Depression





QPS Average

◎3 modes:

○Avg: average value 

(sum/samples)/number of samples

○Dev: difference in the range of 

values

○Mod: simultaneous combination of 

avg and dev



Anecdotal evidence

◎Obsessive-Compulsive Disorder

◎Seizures

◎Autism

◎TBI

◎Dyslexia

◎Speech/Language

◎Emotional regulation

◎Depression

◎Developmental trauma/PTSD







Controlled Analysis of EEG Coherence and it’s impact on 
Learning Disabilities

Robert Coben, PhD
Co-Founder/Neuropsychologist, integrated neuroscience services, LLC
Presented at ISNR 2015, Denver, Colorado
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The Use of Four Channel Multivariate coherence Training on 

Mild Traumatic Brain Injury: 
A comparison of newly concussed and remotely concussed individuals

Presented at the 25th Annual ISNR Conference, September, 2017, Foxwoods, CT
Anne Stevens, Ph.D., Morgan Middlebrooks, BA

Integrated Neuroscience Services, Fayetteville, Arkansas
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Relative efficacy of two different forms of Coherence Neurofeedback for Seizure 

Disorders
Morgan Middlebrooks, BA, Robert Coben, PhD, Janease Traylor, MS
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Presented at the 25th Annual ISNR Conference, September, 2017, Foxwoods, CT
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