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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)















Processing of Coherence Data





Types of connectivity

nStructural 
connectivity
nFunctional 
connectivity
nEffective 
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



Efficacy Studies in Support of 4 channel MVCNF (N = 591)
Population Sample Design Findings 1 Findings 2

General Population N = 174 MVCNF v 2 Ch 
CNF

MVCNF > 2 Ch 
CNF

Enhanced 
coherence and 
reduced power

Traumatic Brain 
Injury

N = 20 Compared time 
since injury in 3 
groups

Improvements in 
symptoms and NP 
testing

Changes 
associated with 
increases in 
coherence

Epilepsy N = 52 MVCNF v 2 Ch 
CNF

MVCNF > 2 Ch 
CNF

81% reduction in 
seizures

Learning 
Disabilities

N = 63 MVCNF v 2 ch 
CNF v resource 
room

MVCNF > 2 
ChCNF > RR

1.6 year increase in 
reading

Autism N = 110 MVCNF v 2 Ch 
CNF

MVCNF > 2 Ch 
CNF

98% success rate

Autism MND N = 78 MVCNF v 2 Ch 
CNF v Bipolar 

MVCNF > 2 
ChCNF > Bipolar

Mu suppression 
with coherence 
changes 

Depression N = 54 MVCNF 
Psychotherapy v 
WLC

MVCNF > both 
groups

94% success rate, 
crossover and 2 yr 
f/u

Developmental 
Trauma

N = 40 MVCNF v. 
Psychotherapy

Exp > controls on 
clinical ratings

Δ in power, 
sources and 
connectivity



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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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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MVCNF for Developmental Trauma: Study Methodology

◎Subjects were assigned to one of two groups (N = 40). Age range 10 – 65.
◎These included an experimental group that received the active treatment (four channel 
multivariate coherence neurofeedback (20),and an alternate treatment comparison group (N = 
20) that received individual psychotherapy. All subjects had experienced significant 
developmental trauma.

◎All subjects in the experimental groups received four channel multivariate coherence training 
over 12-15 sessions.
◎Clinical ratings and therapist ratings (0-20) were derived at the completion of their treatment 
regimen. 
◎Client ratings were largely subjective and based on self-ratings only or parental ratings at the 
completion of training and during the process.
◎Therapist ratings were performed at the completion of training and were based on objective 
test findings including neuropsychological, behavioral and qeeg findings that reflected change 
over time.
◎We also tracked the presence of negative symptoms, their severity and resolution during the 
training/treatment periods.
◎QEEG analysis of change included measures of power at the component level, dipole sources, 
spectral properties, and multiple measures of graph theory connectivity.





Graph Theory Connectivity Findings



Conclusions
◎MVCNF leads to enhanced client and therapist ratings of outcome 
and to a greater degree than traditional psychotherapy.

◎Client and therapist outcome ratings correlate but disagree with 
therapist ratings being higher (more accurate?).

◎Mild, negative symptoms are possible but often can be resolved. 
These do not differ from psychotherapy and are often related to 
medication usage.

◎Positive response to MVCNF in DT leads to decreases in delta, theta 
and beta activity over left temporal, precuneus (midline parietal), and 
right parietal brain regions. There were also increases in alpha and 
high beta over midline frontal (anterior cingulate) and right parietal-
temporal regions.

◎Positive responses are also seen with increases in multivariate 
connectivity, especially long range connectivity.



Meta-Analysis Procedure
Study Label Sample Size
General Population (Multiple 
Diagnoses)

87

TBI 20

Epilepsy 26

Learning Disability 31

ASD General 55

ASD Mu Suppression 39

Depression 27

Developmental Trauma 20

Total N = 305





Clinical Effects

Connectivity









Using Effective Connectivity in Guiding NF: Study Methodology

◎Subjects were assigned to one of three groups (N = 45). Age ranges 10 – 70.
◎These included an effective connectivity (15), functional connectivity within 
group (15) and a functional connectivity between group (15) comparison. Group 1 
and 2 were the same subjects (within groups) that received different interventions 
at different time points (FC always first).
◎All subjects received four channel multivariate coherence training over 12-15 
sessions.
◎Clinical ratings and therapist ratings (0-20) were derived at the completion of 
their treatment regimen. 
◎Client ratings were largely subjective and based on self-ratings only or parental 
ratings at the completion of training and during the process.
◎Therapist ratings were performed at the completion of training and were based 
on objective test findings including neuropsychological, behavioral and qeeg 
findings that reflected change over time.
◎QEEG analysis of change included measures of power at the component level, 
dipole sources, spectral properties, and multiple measures of graph theory 
connectivity.







Statistical Analyses of Graph Theory 
Metrics (Connectivity)

Analysis of Variance

Cluster 
Coefficient

Global Efficiency Path Length Radius Diameter

F = 0.429 F = 4.60 F = 2.93 F = 3.35 F = 3.70

p = 0.654 p = 0.016 p = 0.064 p = 0.045 p = 0.033







Conclusions
◎Measures of effective connectivity can be gleaned from QEEG data.
◎Effective connectivity guided multivariate coherence training led to 
enhanced client and therapist ratings of outcome.
◎Therapist ratings are consistently higher than clients and show more 
significant differences.
◎Both ratings show an increased likelihood of greater outcomes (> 10) 
in the effective connectivity group.
◎Positive NF outcomes in this group showed greater reductions of 
delta/theta, alpha and beta frequencies. These were commonly seen 
over bilateral posterior brain regions including temporal locations and 
midline frontal locations as well.
◎Positive NF outcomes were associated with greater changes in 
multivariate connectivity. This is especially true for long range 
connectivity (diameter).
◎Use of effective connectivity leads to changes in connectivity and is 
more likely to prevent negative connectivity changes.



What have we learned?

◎Coherence training is a helpful form on neurofeedback for many 
different types of problems.
◎Problems with connectivity-based problems (i.e., autism, ld, 
depression, trauma) appear to benefit the most.
◎Four channel multivariate coherence training appears more potent 
that two channel coherence training for multiple problems.
◎This can be used to help many different disorders and has a 
persistent effect.
◎The method used to calculate coherence/connectivity has a large 
impact on the efficacy of such interventions.
◎Measures of effective connectivity enhance the efficacy of four 
channel multivariate coherence training.
◎So much more to learn……



Thank you and 
to our team!

https://www.integratebrainhealth.com/
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