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Letter	from	
ISNR	Co-Editor

Hello fellow ISNR 
members,

Welcome to 
the edition devoted 
to reading.  Roger 
Riss, PhD has two 
articles regard-
ing the difficulties 
clients experience 
with reading and 

with the issues of dyslexia. There is helpful 
information in these articles that you may 
find useful. Kirtley Thornton PhD provides 
extensive information on working with 
learning disabled and especially reading 
difficulties. Kirtley has a long and success-
ful history of bringing neurofeedback and 

extensive testing to the issues of cogni-
tive impairments. His works on increasing 
memory activities, especially after trauma, 
are some of the most thought-provoking 
studies in the literature. Do take the time to 
read his article in this edition. Again Jona-
than Walker, MD provides us with his work 
and observations in identifying the issues in 
dyslexia. He provides suggestions for neu-
rofeedback training that have been helpful 
to clients.

Do hope you have had a wonderful 
summer and that you attended ISNR’s con-
ference.

Warmly,
Merlyn Hurd, PhD, BCIAC/EEG Fellow 
ISNR Co Editor  

As my tenure as 
president of the 
ISNR winds to-
ward my term as 
past-president, I can 
reflect on some im-
portant and encour-
aging developments 
over the past year 
while also ponder-
ing our history. At 

the same time, we can look forward in the 
direction the field is heading, and anticipate 
continued growth and development. The 
changes we are seeing will benefit both cli-
ents and practitioners, and impact the field 
of mental health and personal development 
as the field progresses toward a more ma-
ture and growing stature.

Things certainly seem to be progress-
ing for neurofeedback and neuromodulation. 
We are seeing a continued growth, valida-
tion, and appearance of new and enhanced 
techniques. In the ISNR, our membership, 
participation, and quality of publications 
and presentations are all on the rise. We see 
increasing numbers of practitioners asking 
about neurofeedback, adopting it, and dis-
covering the reality that it works, and that 
it is scientific. Our international member-
ship has grown, and as a result of this year’s 
initiatives, several countries have aligned 
their associations with the ISNR.

And what of the various efforts to 
build the field, gain acceptance, and enlist 
practitioners? When I was with Bell Labo-
ratories, always a hotbed of innovation, 
we had a story about how to build a tun-
nel through a mountain. You put an army 
on each side of the mountain, and tell them 
to dig. If they meet in the middle, you have 

Letter	from	
ISNR	President

ISNR	Mission	Statement	
To promote excellence in clinical practice, educational applications, and 
research in applied neuroscience in order to better understand and enhance 
brain function. Our objectives are:
•  Improve lives through neurofeedback and other brain regulation  

modalities
•  Encourage understanding of brain physiology and its impact on behavior 
•  Promote scientific research and peer-reviewed publications
•  Provide information resources for the public and professionals 
•  Develop clinical and ethical guidelines for the practice of applied neuro-

science

AAPB	Neurofeedback	Division		
Mission	Statement
To improve human welfare through the pursuit of its goals. The specific 
goals are:
•  The encouragement and improvement of scientific research and clinical 

applications of EEG technology and neurofeedback.
•  The promotion of high standards of professional practice, peer review, 

ethics, and education in neurofeedback.
•  The promotion of neurofeedback and the dissemination of information to 

the public about neurofeedback.
•  The division is organized for the purpose of carrying on educational and 

scientific objectives and is not to be operated for profit. 

Sharing is a hot topic 
in science – from the 
discovery of mirror 
neurons that allow 
primates to share 
experiences to the 
virality of internet 
events that cross the 
globe in a matter of 

hours or days. The other day I saw a study 
which demonstrated how brain function of 
two people synchronizes during conversa-
tion. The ways in which we impose our lin-
guistics has clear neuroimaging correlates, 
as we all expected it would. 

Science is an enterprise that requires 
a great deal of sharing of knowledge, which 
is difficult in today’s age of commercializa-
tion, patent rights, and stock options for 
scientific enterprise. But we have entered 
an age of science where there needs to be 
vast sharing of data to advance our under-
standing. In molecular genetics, epidemiol-
ogy, virology, and dozens of other scientific 
disciplines there is little advance without a 
complete picture.

In neuroimaging sharing is expected. 
Every few months a new fMRI data-shar-
ing center opens up, and the same may 
become true for EEG as the next round of 
young academics discover our world. Wiki-
pedia lists a dozen neuroimaging databases 
already in use, and many more are in the 
works. Our databases will bring about an 
understanding of brain structure and func-
tion we have yet to imagine, one which will 
benefit neurotherapy immensely, as we dis-
cern what exactly goes awry in anxiety, de-
pression, autism, and the panoply of men-

Letter	from	
AAPB	NFB	DIV	
President

Continued on page 6 Continued on page 8

Tom Collura, PhD Merlyn Hurd, PhD
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Letter	from	
AAPB	Co-Editor

Welcome to the 
fall 2010 edition of 
NeuroConnections. 
As students return 
to their classrooms 
for another year, the 
topic of our current 
issue could not be 
more timely. While 
as many as 40% of 
US school children 

read below grade level, developmental dys-
lexia is, by definition, an hereditary neuro-
biological disorder distinct from reading 
difficulties secondary to cultural factors, 
inadequate education, or low intellectual 
ability. The most common of the learning 
disorders, dyslexia affects 80% of all chil-
dren identified as learning disabled and 5% 
to 17% of school-age children in the US. 

Over the past two decades, scientists 
using “real time” brain imaging methods 
have made extraordinary progress in un-
veiling the neural systems which underlie 
efficient reading and how these systems 
differ in dyslexic readers. More recently, 
these same imaging methods have given 
rise to a an unexpected, and tantalizing 
finding: despite the fact that developmental 

dyslexia is a strongly hereditable disorder, 
relevant neural circuits do not appear to be 
unalterably “hard wired.” Rather, the effec-
tiveness of a new generation of cognitive 
neuroscience-based reading interventions 
appears to be directly tied to their ability 
to promote and direct functional, and even 
structural reorganization within brain sys-
tems supporting reading. 

What is breathtaking about these 
findings is the growing list of interventions 
for which we now have direct evidence of 
brain plasticity in response to treatment, 
including intensive traditional reading in-
struction (Meyler, Keller et al. 2008), spell-
ing-instruction (Aylward, Richards et al. 
2003), musical training (Moreno, Marques 
et al. 2009), phonological skills training 
(Eden, Jones et al. 2004), auditory process-
ing training (Gaab, Gabrieli et al. 2007), 
audiovisual training techniques (Kujala, 
Karma et al. 2001), brief daily PC-based 
drills (Penolazzi, Spironelli et al.) and even 
physical exercise (Ploughman 2008). This 
growing body of evidence seems to lead us 
to the general hypothesis that, for a reading 
intervention to be effective, the necessary 
and sufficient condition is that it must di-
rectly promote cortical re-organization of 
neural networks to more closely resemble 
those of normal readers. While additional 
research is clearly warranted, preliminary 
outcome studies bode well for neurothera-

py’s place among the growing list of cogni-
tive neuroscience-based reading interven-
tions. We hope you enjoy the current issue.

Roger Riss, PhD 
AAPB Co-Editor  
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Letter	from	
ISNR	ED

Medical and psycho-
logical services nec-
essarily need to go 
through due process 
to prove validity. We 
wouldn’t want it any 
other way. Much as I 
dislike being subject to 
town codes and paying 
for building permits, I 

appreciate that my neighbors are also sub-
ject to them. This promises high building 
and aesthetic standards. Why should medi-
cal treatment, specifically, neurofeedback 
be different?

Neurotherapy relieves and/or resolves 
the symptoms of many medical and mental 
syndromes. Duh. Yet, we continue to face the 
challenge of convincing a few largely skep-
tical groups, many of whom hold a deciding 
baton. They expect argument that is exhaust-

ing and unfair. On the other hand there are so 
many certifications, associations, paradigms 
and disconnects within the field that our dis-
cussion appears sloppy and diluted. It’s no 
wonder we still hold the defensive position, 
and would surely benefit from communicat-
ing more cohesively.

The ISNR Research Foundation is 
the conduit for this. Our Board of Directors 
and Advisory Committee hopes to ascer-
tain funding for at least 2 studies next year, 
currently doing the necessary groundwork. 
We’ve been chiseling away with very lim-
ited funding and the generous donations of 
BrainMaster, NovaTech EEG, Mitsar, the 
Hubbard Foundation and Applied Neuro-
science.

Additionally, John Carmichael has 
donated all of the proceeds from his brand 
new and very comprehensive book on a 
multi-modality treatment plan for PTSD. 
Jim Evans has donated the royalties from 
his books; Michael Thompson, James 
Thompson and Wu Wenqing donate the 
proceeds from the Brodmann Area Book-

lets and Dr. Fleishman donates 15% of 
the sales to ISNR members of his Results 
software. Lastly, Jay Gunkelman and Cory 
Hammond have donated the proceeds from 
the Art of Artifacting books to the ISNR 
general fund since 2001. All of these do-
nations are greatly appreciated; no matter 
how large or small.

Now the plug: The Clinician Dona-
tion Program is a perfect opportunity for 
those of you who lack time, interest or fi-
nancial ability to participate in research 
design and implementation. With this pro-
gram, you’re never donating beyond your 
means and those small monthly donations 
can really add up. Look for more informa-
tion about this on page 33.

Think: the foundation won’t disinte-
grate if it’s built with integrity and to code. 
And, how will what we do today affect us 
in 5 years?

Looking to the future,

Cynthia Kerson, PhD, BCIA-EEG  
Executive Director, ISNR 

Roger Riss, PhD

Cynthia Kerson, PhD
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Continued	from	page	�

Letter	from	
AAPB	ED
Got	Professional	
Engagement?

AAPB has turned a 
new page in its his-
tory. It is an exciting 
process and a new 
focus on its mem-
bers! AAPB mem-
bers are engaged 
in their Association 
like never before. 
They are now di-
rectly engaged in 

planning and executing the programs and 
activities of the Association. AAPB has 
always had committees. But never before 
have the committees been as open as they 
are today. All members are welcome to join 
committees and get involved in the inner 
workings of AAPB. It is, after all, their As-
sociation, right?

Well over 150 volunteers currently 
serve on AAPB committees and other lead-
ership positions this year. They are ener-
gized and preparing for current and future 
activities and programs of AAPB. Here are 
just a few of the activities that our commit-
tees are under taking:
•	 Program Committee: Under the lead-

ership this year of Dr. Wesley Sime 
and Susan Intemann, its 13 mem-
ber committee is currently engaged 
in identifying the general session 
speakers for the conference, the con-
ference theme, and planning for a 
wide variety of educational sessions 
to be offered during the conference. 
They will also be engaging the sup-
port of the AAPB membership Sec-
tions and Divisions to be sure that 
their interests are represented in the 
program content. 

•	 Education Committee: This com-
mittee has four subgroups: the Tele-
seminar Workgroup, the Fall Work-
shop Workgroup, the Preconference 
Workshops Workgroup, and the Al-
ternative CE Delivery Workgroup. 
As Chair for the Education Commit-
tee, Sharon Langvardt has her work 
cut out for her in keeping each of the 
workgroups on track. This commit-
tee is just getting geared up for the 
year and through the engagement 
of each of the workgroups, we will 

be announcing a number of exciting 
educational offerings shortly.

•	 Membership Committee: Speaking 
of engagement, this committee is off 
and running. Under the leadership of 
Richard Sherman and Tami Maes, 
they have already evaluated the ex-
tensive membership survey that was 
undertaken last winter and are in the 
process of developing new member-
ship promotion strategies for AAPB 
and evaluating potential new services. 

•	 University Outreach Task Force: 
This group, chaired by Dr. Elizabeth 
Bigham, has also hit the ground run-
ning. AAPB believes that this task 
force is serving a vital function for 
the future of biofeedback and the 
Association. Its primary goals are to 
identify which schools are currently 
teaching biofeedback, to establish 
curriculum exchange to help schools 
expand the services being offered, 
to conduct searches of databases to 
identify who is doing research on 
biofeedback, and to identify which 
universities counseling centers use 
biofeedback. 

•	 Advocacy Task Force: Ron Rosen-
thal, Task Force Chair, has truly been 
engaged in working to achieve rec-
ognition for biofeedback and neu-
rofeedback through the use of ICD 
coding. With his committee, Ron has 
submitted compelling arguments and 
appeals for the addition of codes de-
signed to influence reimbursement. 

•	 Website Task Force: About a year 
and a half ago, the AAPB website 
went through a major revision under 
the guidance of Task Force Chair, 
Aubrey Ewing. The group is now en-
gaged in ongoing reviews of the site 
to keep the content up-to-date and 
continually evaluating ways to im-
prove both the navigation of the site 
and its content. 
Numerous member volunteers are 

also engaged in producing AAPB’s highly 
rated publications, Applied Psychophysiol-
ogy and Biofeedback, our research journal, 
and our clinical journal, Biofeedback. 

Engagement is the new buzz word 
in the association community. From the 
association perspective, it means provid-
ing members with opportunities to partici-
pate. And from the member’s perspective, 
it means getting involved. AAPB is living 
this new paradigm of engagement. Sim-

ply stated, if you would like to see your 
organization offer a certain set of benefits 
and programs that it might not be offering 
now, then get involved and help shape the 
future of your organization. Your engage-
ment is essential to AAPB’s ability to meet 
the needs of all members. Our more than 
150 volunteers helping us to lead the way 
is a wonderful testament to our new open 
door policy. We welcome and encourage 
all members to get involved … and get en-
gaged!
David L. Stumph, IOM, CAE,  
AAPB Executive Director  

a tunnel. If they don’t meet, then you have 
two tunnels (insert laugh). In our world, 
there appear to be multiple main thrusts to 
gain acceptance, including, for example, 
the clinical/medical model and the peak 
performance/sports/mental fitness model 
as two divergent alternatives. In time, we 
should expect both of these approaches to 
prosper, thus providing two “tunnels” into 
popular and professional acceptance.

Another area of divergence is the 
question of whether or not we should seek 
coverage from insurance companies or 
HMOs for our services. A number of of-
fices we know have moved to a cash-only 
system, and have abandoned the use of in-
surance altogether. One practice informed 
me that new legislation may even make it 
financially impossible to continue, given 
the burden of record-keeping and other bu-
reaucratic demands. 

Other groups continue to look at how 
we can gain acceptance and support from 
“big medicine,” by playing into their mod-
els and methods. At this time, there are at 
least a few controlled studies on neurofeed-
back in print, and more in progress. While 
some argue that such studies are neither 
necessary nor helpful, others insist that 
they are mandatory. There is also a resur-
gence of interest in collaborative efforts 
to get neurofeedback accepted and reim-
bursed, particularly in the federal domain. 
These efforts will be costly, and require a 
coordinated, yet focused effort between 
and among the participants. ISNR is look-
ing at how we can be a positive influence 
on such ambitions. 

Again, if both camps prevail, then 
we shall have two more tunnels.

With regard to the model of con-

David L. Stumph
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trolled studies, it is notable that the ISNR 
is currently considering new rules that will 
require authors as well as vendors to meet 
conditions of either demonstrating their 
mechanism of action, or demonstrated effi-
cacy, in order to retain the privilege of sub-
mitting studies or showing their equipment. 
This is an ambitious plan, designed to raise 
the bar and ensure quality and credibility in 
systems, methods, and practice.

As we look back on historic efforts, 
we see the contributions of founders such 
as Kamiya, Sterman, Lubar, Tansey, Pen-
niston, John, and Fehmi, among others. 

Their, and others’, past and continuing 
research work have provided the basis for 
many current developments. Think back 
on the questions and challenges they faced. 
“Can an individual actually discern and 
change their EEG at will?” “Can SMR 
training strengthen the immune system 
and the resistance to toxins?” “How does 
the reduction of slow-wave activity help 
eliminate seizures and improve attention?” 
“How is brain dysfunction related to the re-
laxation/concentration cycle?” “Can alpha/
theta training really help addicts?” “Are 
Quantitative EEG signatures meaningful 
and useful?” “What happens if the entire 
brain synchronizes in alpha?”

Today, we ask new and broader 
questions. “How can an EEG map reveal 
a client’s underlying dysfunction?” “Is 
epilepsy a learned behavior?” “Is ADD/
ADHD a conditioned response that can 
be unlearned?” “Can the brain learn to 
self-regulate on a global scale?” “Can we 
supplant the DSM with a more functional 
point of view?” “How far up, or down, 
in frequency can we go?” “How does the 
brain respond to subtle energy?” “Should 
research be focused on validating estab-
lished methods, or on innovating new ap-
proaches?” A new generation of inventors, 
healers, and researchers, is on the move, 
seeking to take up new tools and new ap-
proaches.

At one time, one channel training was 
all there was. Then two-channels came into 
use, then 4 channels, and connectivity train-
ing was born. Now we can operantly condi-
tion the entire brain, and allow it to deter-
mine its own strategy for self-regulation and 

normalization. A tool that once looked like 
a wooden flying machine has now taken the 
form of a 21st century spacecraft, integrat-
ing QEEG with advanced training protocols, 
nonvolitional conditioning, simultaneous 
cognitive assessment and training, and pe-
ripheral biofeedback integrated with brain 
training. Those of us who remember the 
early days of 1-channel EEG will look back 
with pride, much as the Wrights must have 
felt as they saw aviation take to the skies, 
transforming life and the world.

So our mountain now begins to look 
a lot like a Swiss cheese, with various tun-

nels begun and abandoned, and others un-
der continued drilling. There is no single 
goal or direction, just the desire to contrib-
ute, and help others progress in their per-
sonal journeys. Achieving our goals does 
not seem to be as much a matter of “getting 
there” as it is one of continued progress, 
evolving old, established views, and sup-
planting them with new.

Recently, GlaxoSmithKline and As-
traZeneca both announced that they were 
pulling back on drug work in neuroscience, 
including pain, depression, schizophrenia, 
bipolar disorder, depression, and anxiety. 
It is becoming clear that medication has 
minimal benefit in many of these situa-
tions, and has significant side-effects. The 
old guard may be dying, and they do not 
have a pill for that. The door is opening for 
neurofeedback and other neuromodulation 
techniques to fill the void, and make the 
contributions we are poised to create. The 
results of neuromodulation techniques are 
specific, objective, and lasting. We are now 
positioned to permanently change the face 
of mental health care.

In the long perspective, we have 
moved beyond the “Wright Brothers” phase 
of getting off the ground. With new tech-
nologies and clinical approaches, we are 
able to image the entire brain, understand 
its functions, and use this knowledge for in-
terventions that are noninvasive, effective, 
and enduring. The neurofeedback field is 
now in orbit, and we are poised to take this 
field to the moon and beyond.
Tom Collura, PhD 
ISNR President   

tal disorders. I for one eagerly await a 
co-registration database of clinical DTI 
(diffusion tensor imaging), a technology 
that visualizes axonal pathways, and 
EEG connectivity measures. The other 
day I looked for clinical DTI images of 
mental disorders online and found very 
little.

In order to utilize neuroinformat-
ics—these databases—we rely on the 
honesty and reputation of their creators 
and participants and this is especially 
true as data becomes exceedingly com-
plex and uncertain. “Science is nothing 
more than a system of rules to keep us 
from lying to each other,” as Ken Norris, 
a dolphin researcher, sums it up. Every 
researcher and clinician needs to guard 
his or her reputation for honest investi-
gation and communication and refrain 
from groundless assertions and conjec-
tures, to quote the Qur’an. EEG is by far 
the most complex natural phenomenon 
subjected to operant conditioning and 
we need to learn what works for what 

symptoms and what doesn’t and this 
can only be achieved by sharing data 
across practitioners. When I worked at 
EEG Spectrum years ago we amassed 
a large database of clinical cases, more 
than a 1,000 individuals --assessment 
data, neurofeedback protocols attempt-
ed, and outcome. It boosted our clinical 
skills significantly, although we lacked 
extensive EEG data back then. We need 
neurotherapy databases that include not 
only QEEG data but also incorporate the 
successes and failures of neuromodula-
tory techniques as well, including A/V 
or magnetic stimulation, and the like. 
We need to know which symptoms are 
best remediated by operant conditioning 
of the EEG and which are best treated by 
disruption or entraining techniques and 
how to integrate both sets of tools into a 
successful practice.
David Kaiser, PhD 

AAPB	NFB	DIV	President		
Continued	from	page	�

We	see	increasing	numbers	of	practitioners	

asking	about	neurofeedback,	adopting	it,	and	

discovering	the	reality	that	it	works,	and	

that	it	is	scientific.	

Science	is	an	

enterprise	that	

requires	a	great	

deal	of	sharing	of	

knowledge...
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The	Coordinated	Allocation	of	Resource	(CAR)	
Model	Intervention	for	Reading	Problems		
in	Two	Clinics
Kirtley E. Thornton, PhD

Abstract

Attaining the ability to read is a fundamen-
tal goal of the educational system. How-
ever, the attainment of this goal has been 
fraught with problems. Over the past sever-
al decades the special education demands 
have incurred increased cost to federal 
government, state and county budgets, with 
no real end in sight. The problem is further 
compounded with the lack of an operation-
al, cost effective intervention program. This 
article presents the data on an alternate 
approach, activation database guided EEG 
biofeedback, for 3 individual cases. Pre 
and post reading, memory and performance 
data is also presented for 7 children with a 
history of learning/reading problems. The 
initial average memory performance for 
the group was -1.39 standard deviations 
(SD) below the norm. Following the treat-

ment, the group’s performance reflected an 
average SD gain of 2.40 (or 334%) and 
was -.27 SD below the norm. This was de-
rived using the following formula: (a-b)/b 
where a = the mean post-treatment and b 
= the mean pre-treatment. Reading fluency 
also improved: reading time for the stan-
dard reading sample decreased from 100 
secs pre-training to 72 seconds following 
completion of the intervention. Thus the 
results present an encouraging alternative 
to the intervention methodologies currently 
employed.

Background

Special education costs and remediation ef-
fectiveness has been a growing concern of 
the educational and political environment 
due to the rising costs and prevalence.

In 2000, the Center for Special Ed-

ucation Finance (CSEF) reported that “In 
per pupil terms, the total spending used to 
educate the average student with a disabili-
ty amounts to $12,639. This figure includes 
$8,080 per pupil on special education ser-
vices; $4,394 per pupil on regular education 
services…. Thus, total spending to educate 
all special education students amounted to 
$78.3 billion.” More than half (63%) of the 
disabled students had a specific learning 
disability (attention, reasoning, processing, 



�

NeuroConnections	 FALL	2010

Continued on page 10

memory, communication, reading, writing, 
spelling, calculation, coordination, social 
competence and emotional maturity). Al-
tarac & Saroha (2007) estimated the life 
time prevalence of a person having a 
learning disability is 9.7%.

The $14 million National Adult Lit-
eracy Survey of 1993 (National Adult Lit-
eracy) found that even though most adults 
in the survey had finished high school, 96 
percent of them could not read, write, and 
figure well enough to go to college. Even 
more to the point, 25 percent “were plainly 
unable to read,” period (Baughman, 1994). 

Special education costs have been on 
the rise in recent years in (Chicago Special 
Education1, Massachusetts special educa-
tion) as the number of students requiring 
these services have risen. In Chicago Public 
Schools, the percentage of ninth grade stu-
dents receiving special education services 
nearly doubled from 1994 to 2002, rising 
from around 11 percent to nearly 20 percent 
(Chicago Special Education2).

The ability to read has long been the 
focus of remediation efforts in the educa-
tional arena, albeit with limited success. 
It has been estimated that the average ef-
fect size across 26 different intervention 
strategies is .42 standard deviations (SD) 
(Thornton, 2006). 

The preferred intervention meth-
od for the Chicago and New York Public 
school system is the Orton-Gillingham 
method. Chicago’s special education pro-
gram is at a cost of $850 million (45,000 
students), while New York City spends $1.2 
billion dollars on special education services 
at non-contracted Department of Education 
schools (NYC Special Education). The 
popular FastForWord program has in-house 
research documenting its effectiveness 
(Thornton, 2006). However, three indepen-
dent studies (Rouse & Krueger, 2004; Bor-
man & Benson, 2005; Hook et al., 2001) 
showed no effect.

The popular Orton-Gillingham 
method has two controlled research studies 
examining its effect size (Guyer, & Saba-
tino, 1989; Oakland et al. (1998). The Oak-
land et al. (1989) article reported a .34 SD 
improvement on employed measures after 
350 intervention sessions, a result matched 
by merely providing the student with the 
Orton-Gillingham video tape, which runs 
the students thru the exercises. Researchers 
reported that the degree of improvement in 
reading demonstrated by students who re-
ceived the Dyzlexia Training Program by 
videotape and by those who received it live 
from instructors did not differ. Using con-

fidence interval and sample size statistics 
two of the measures employed by the Oak-
land study were examined for significance. 
Neither of the measures examined demon-
strated statistical significance. 

Specific research into defined im-
provements in reading ability has also 
been unimpressive. Klingner et al. (1998) 
reported that 80% of students with disabili-
ties read below grade level at the end of 
the intervention (45-90 minutes a day for 
a school year with a co-teaching model). 
Foorman et al. (1997) reported that 78% 
of the students who received a reading in-
tervention, which consisted of three forms 
of reading intervention with extensive pro-
fessional development and coaching of 
from the resource room teachers, showed 
an inadequate response rate. Torgesen et 
al. (2001) provided students with reading 
scores in the 6th percentile with intense, re-
search-based interventions. Thirty percent 
of the students did not read in the average 
range (word reading criteria) at the end of 
intervention. However, if a fluency bench-
mark was utilized, the number of non-re-
sponders was well over half the sample. Fi-
nally, employing a resource room approach 
resulted in reduced scores on reading and 
IQ measures (Orlando & Rivera, 2004).
Discussion	of	the	
activation	guided	QEEG	
biofeedback	approach

The Coordinated Allocation of Resource 
(CAR) model (Thornton & Carmody, 2008) 
states that the level of performance on any 
particular cognitive skill (auditory memory, 
reading memory, problem solving, etc.) is a 
function of a specific pattern electrophysi-
ological variables (relative power, coher-
ence measures, etc.) and locations. Differ-
ing cognitive tasks often employ identical 
or very similar brain function profiles. This 
model is somewhat implicit in fMRI and 
PET studies which report location activa-
tion during cognitive tasks. A necessary 
model of brain functioning asserts not 
just what the brain does to resolve a task 

but also elucidates the necessary variables 
and their directions. The CAR model is an 
initial attempt to provide the identification 
of these functions in terms of QEEG vari-
ables. This article will illustrate successful 
treatment of reading disability via a clinical 
plan of care directly guided by the model in 
two different clinics demonstrating that the 
model’s effectiveness is not confined to a 
specific clinical location.

In previous papers, we reported that 
successful reading memory is dependent on 
a different pattern of electrophysiological 
variables for children (ages 10-14) as com-
pared to adults (age greater than 14) in the 
database developed by the author (Thorn-
ton, 2001). Thornton (2002) established 
the positive relationship between Spectral 
Correlation Coefficients (SCC) beta (13-64 
Hz) from F7 and SCC alpha from T5 and 
reading memory in adults. 

For children (ages 10-14) the QEEG 
positive correlates of reading memory in-
volve the relative power of beta1 (13-32 
Hz) at T5, P3, O1, O2 & T6, relative power 
of beta2 (32-64 Hz) at T5, T6 & Fz and 
beta1 (13-32 Hz) & beta2 (32-64 Hz) at O1 
and O2 (peak amplitudes and microvolts) 
(unpublished). Developmentally, the ef-
fective predictors of the quality of reading 
memory change from higher amplitude in 
the right posterior to higher amplitude in 
the left posterior locations. However, the 
relative power values remain approximate-
ly the same (unpublished). For this reason 
interventions in cases 2 and 3 focused on 
increasing left posterior beta1 values and 
decreasing the theta and delta values.
Case	#1

A previously reported case (Thornton, Car-
roll, & Cea, 2007) documented the QEEG 
problems in an individual who showed a 
failure to suppress alpha when he opened 
his eyes and engaged in cognitive tasks. 
He had received 12 years of specialized 
instruction, in a specialized school for 

Table	1
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learning disabled students, and had re-
ceived extensive private remediation with 
well-known programs (Orton-Gillingham, 
Lindamood- Bell) prior to the CAR inter-
vention. The 1/2007 scores on the Wechsler 
Individual Achievement Test (WIAT) can 
be found in Table 1.

There have been no further remedia-
tion interventions since 11/2007. After the 
treatment, he attended a year-long intensive 
film school and completed it on time suc-
cessfully. He is currently working freelance 
on film sets, writing a screen play, and look-
ing for full-time work in the industry.
Case	#2

A 10 year old male was brought to our 
clinic with a diagnosis of Attention Deficit 
Disorder. The initial evaluation revealed 
the characteristic pattern of excessive theta 
relative power and decreased beta1 rela-
tive power posteriorly. Fifty sessions were 
employed between 3/2002 and 3/2003. 
The changes on the Terra Nova (NJ state 
administered tests) are noted in Figure 1. 
Of some interest to note is the continued 
improvement on the other areas (science, 
math computation, math composite) fol-
lowing the initial dramatic improvements 
in reading, vocabulary, reading compos-
ite, social studies & word analysis. During 
intermittent follow up sessions (about 20) 
during 2004 & 2005, the primary focus of 
the treatment was on the left posterior beta1 
and theta relative power issues.

Figure 2 presents the changes in 
delta, theta and beta1 relative power val-
ues during the reading task from the initial 
evaluation to session #50, which was cor-
respondingly +3.7 (% beta1), -2.5 (% the-
ta), -9.1 (% delta). As the figure indicates, 
changes in the desired direction (decreased 
delta and theta & increased beta1) were 
obtained. The normative standard devia-
tion values for the frequencies during the 
reading task are presented at the bottom of 
the figure. Artifact was manually deleted 
during the initial evaluation and software 
eliminated during the sessions.
Case	#�

The following case involves an 11 year old 
female with a history of learning problems 
as reported by her mother. She underwent 
30 sessions of EEG biofeedback focused on 
the left posterior locations (T5, P3 and O1). 
Table 2 presents the changes on the Nation-
al California Achievement test which was 

Figure	2

Figure	1
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administered prior to treatment and repeat-
ed 9 months after the treatment was ended 
(see Table 2). Figure 3 presents the changes 
in left posterior beta1 relative power and 
microvolt values.
Data	for	seven	additional	
cases:

Reading memory scores were obtained 
on seven subjects, which do not include 
the cases previously discussed in this ar-
ticle. The baseline reading memory score 
was obtained during the activation QEEG 
evaluation during which the subject had 
100 seconds to read a story presented on 
a laminated paper. The reading period was 
followed by a 40 second silent recall period 
(eyes closed) and then the subject told the 
evaluator as much as they could recall of the 
story. Twenty minutes later the subject was 
to recall the story again (delayed recall). 
Periodically, during the treatment period, 
the subjects would be reevaluated on their 
reading memory abilities by having them 
read a story quietly to themselves, immedi-
ately tell the story back to the evaluator and 
then at the end of the session (33 minutes 
later) recall the story again. Scores were 
obtained for both immediate and delayed 
recall and then summed. The approximate 
Flesch-Kincaid reading level for the sto-
ries was 5th grade. The average age of the 
subjects was 12.88 years. An example of a 
story is provided below. The information 
between the slash marks represent a recall 
section, which would be scored 1 if all the 
information was correctly recalled and ½ 
point if partially recalled.

John Smith / lived on an old dirty 
barge/ in New York harbor/. One 
day he left the boat/ to go shopping/ 
for some milk,/ potatoes/ and ham-
burger/. He entered an alley/ to save 
time,/ but as he began to exit the 
alley/ a tall, large man / came over 
to him / and demanded his money/. 
John gave the man / the $10 that he 
had/, as he was afraid/. The man 
left./ John continued to the store/ in 
the hope of getting credit./ He found 
a $20 bill/ on the ground /near a fire 
hydrant /as he approached the store.

Total Score possible=24 Flesch-
Kincaid Reading Grade Level=5.4

Table	2	
National California Achievement test score changes (case #3)

Figure	�

Continued on page 13
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The following section presents data 
on 7 children (under the age of 14) and 7 
adults (over the age of 14) whose initial 
evaluation reading memory values were 
about or below 1 standard deviation from 
the norm for their respective group (chil-
dren or adults). Each group was composed 
of 4 males and 3 females. The amount of 
time allotted for evaluation reading task 
was 100 seconds. The reading memory re-
assessment times were recorded for 9 of the 
14 subjects (4 children & 5 adults). The 4 
children averaged 72 seconds for the reas-
sessment stories while the adults averaged 
78 seconds. Thus both groups took less 
time to read the material while improving 
their memory scores. The data used to de-

termine the final memory score employed 
the average of the last 2-3 assessments or 
in one case a complete reevaluation con-
ducted over a year later. The SD change for 
the subjects employed the SD of the initial 
evaluation and the final set of data. The cal-
culation for the SD difference from the nor-
mative group employed the SD of the nor-
mal group. Each of these cases presented a 
different pattern of problems which, by and 
large, were addressed successfully.
Conclusion

The CAR model of intervention for reading 
problems shows promise in these three clini-
cal examples and the reading memory data 
from the 14 subjects. Each subject presented 
their unique pattern of difficulties. One of 
the values of the CAR model is its adapt-
ability to individual differences. The limita-

tions of the CAR model are its confinement 
to cortically-generated electrophysiological 
patterns, its inability to define subcortical or 
cerebellar patterns which contribute to task 
performance; and its inability to measure the 
effect of the cortical interventions upon in-
volved subcortical function. The Low Reso-
lution Brain Electromagnetic Tomography 
(LORETA) method could possibly address 
this limitation.
Kirtley E. Thornton, Ph.D., is the Director, 
of The Brain Foundation, Center for Health 
Psychology, 2 Ethel Road, Ste. 203C, Edison, 
New Jersey, USA 08817, He can be reached 
at telephone: 732.662.7458, fax: 732-662-
7460, web: chp-neurotherapy.com, email: 
ket@chp-neurotherapy.com   

CAR	
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Table	�
Reading Memory Changes in Child and Adult Samples
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This is a story about Mozart, therapy dogs, 
and a six-year old boy who wanted to learn 
to read…

Introduction

When a child can’t learn to read, might Mo-
zart make a difference? As improbable as it 
sounds, this was the hypothesis I was being 
asked to help put to the test. Each summer, 
our rehabilitation hospital opens the doors 
of our “therapeutic learning center” for a 
two-week “reading day-camp.” During the 
short camp, children from the general com-
munity are offered extra help with reading, 
combined with a healthy dose of summer 
fun. A highlight for many participants is 
the opportunity to read to visiting “therapy 
dogs,” who seldom seem to notice mispro-
nounced words and never seem to tire of 
listening to their favorite children read to 
them as they quietly lie at their side.

Last summer, our pediatric neuro-
psychologist, Dr. Paula Ray, sought to en-
rich the usual summer camp curriculum by 
offering several children the opportunity to 
participate in a small pilot study. Her ques-
tion: might exposing children to an individ-
ually tailored program of therapeutic sound 
positively impact their reading readiness? 
To complement her neuropsychological 
outcome data, I offered to conduct an anal-
ysis of pre and post training qEEGs for two 
young study participants. The case history 

which follows is of one of those children.
The EnListen method of auditory 

stimulation is a computer-based therapeu-
tic intervention designed to improve audi-
tory processing and enhance performance 
in children and adults with disorders of 
communication and learning. Based on the 
seminal work of French physician Alfred 
A. Tomatis, the method begins with a com-
puter-based assessment to identify audi-
tory processing strengths and weaknesses. 
Each child is provided with a customized 
therapeutic listening program of music and 
voice, which has been specifically filtered 
and gated to condition the auditory system 
to respond to frequencies found to be de-
ficient in their pre-training evaluation. In 
the present pilot study, each participant re-
ceived an individually tailored training pro-
gram, presented via air and bone conduc-
tion stereo headphones, for 2 hours daily, 
for a total of 60 hours, while concurrently 
engaging in other activities. (Note: Despite 
my effort at a catchy title, the child’s in-
dividualized program may include, but is 
not limited to, works by Mozart.) For an 
in-depth review of the historical roots and 
neuropsychological basis of the method, 
see (Thompson and Andrews 2000) while a 
meta-analysis of previous outcome studies 
is found in (Gilmore 1999).

Research has provided support for 
the EnListen method in auditory processing 

Might	Mozart	Make	a	Difference?	
Dyslexia	and	the	Healing		
power	of	Sound
Roger Riss, PhD

Dyslexics have been represented in every era and genre of music, 
from Harry Belafonte and John Lennon in the 20th century to 
Beethoven and Mozart in the classical tradition. Despite his struggles 
with reading, Mozart composed over 600 works, including his famous 
Requiem mass. In previous studies, listening to his Sonata for Two 
Pianos in D Major K. 448 has been shown to organize brain activity 
so as to cause a transient increase in non-verbal reasoning skills, and 
to reduce the number of seizures in patients with intractable epilepsy. 
Dectemqu emusquam et; hilis ignonsi sserte, probsent? Vive, co in 
ponsupimus tro ut acte certant ertemoentus Mulius egiliqu idenat. 
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disorders (Ross-Swain 2007), while past 
studies have identified a high incidence of 
co morbid auditory processing difficulties 
in dyslexic children (Ramus 2003). His-
torically, dyslexia was termed “word blind-
ness,” however, functional brain imaging 
studies over the past two decades have 
taught us that the most common cause of 
dyslexia for English speakers is, in fact, a 
deficit in auditory processing; in particu-
lar an impaired ability to efficiently map 
written word (grapheme) to corresponding 
spoken sound (phoneme) (Gabrieli 2009). 
Moreover, evidence is accumulating that 
interventions targeting auditory system 
processing mechanisms in children with 
dyslexia can improve reading, and in the 
process, promote cortical reorganization of 
relevant neural networks (Gaab, Gabrieli et 
al. 2007; Veuillet, Magnan et al. 2007).

In the case history which follows, 
we present pre- and post training neuropsy-
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chological and qEEG outcome data 
for Kevin, a six and one half year-old 
youngster who had recently complet-
ed the first grade. Like many dyslexic 
children, reading disability ran in his 
family: both his father and his older 
brother had received special education 
and continued to be poor readers. Al-
though he was of average intelligence, 
pretreatment assessment revealed a 
large discrepancy between his verbal 
and performance IQ scores—Kevin 
was a visual-spatial learner, who was 
at a distinct disadvantage in a class-
room dominated by language-based 
learning.
QEEG	Data

In order to identify regional process-
ing patterns unique to the reading 
task; we examined Kevin’s task-relat-
ed brain activation patterns. Utilizing 
NeuroGuide software, we calculated 
the absolute difference between qEEG 
values for 19 sites collected during an 
eyes-open baseline condition, and cor-
responding values during a standard-
ized 3-minute reading task, in order 
to isolate specific activation patterns 
unique to the reading task itself. The 
resulting qEEG maps for each fre-
quency band are compared and con-
trasted below for pre-treatment and 
post-treatment evaluations.

Delta

Background: Slow wave activity has 
traditionally been associated with ei-
ther deep sleep, or brain pathology. 
However, recent studies have also 
shown that discrete regional increases 
in delta activity during task may re-
flect neural networks associated with 
active cognitive processes. Good 
readers reliably demonstrate discrete 
task-related increase in 1-4 Hz activity 
over temporo-central, but not posterior 
cortical regions during reading (An-
gelakis, Lubar et al. 2002). By con-
trast dyslexics demonstrate diffusely 
elevated delta during resting baseline 
(Arns, Peters et al. 2007) as well as 
while reading (Thornton 2002). Peno-
lazzi and colleagues reported greater 
overall delta amplitude, as well as lo-
calized left posterior delta activation 
during reading, in dyslexics but not in 
controls (Penolazzi, Spironelli et al. 
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continued	from	page	1�

Theta power



1�

NeuroConnections	 FALL	2010

2008). Angelakis and colleagues postu-
lated that, when a task-related increase in 
slow wave activity is correlated with ab-
sence of activation in faster portions of 
the EEG spectrum, then that slow wave 
activity is likely to be a marker of pathol-
ogy and brain disengagement during task 
(Angelakis, Lubar et al. 2002).

Pretreatment Findings: During 
reading, Kevin demonstrated task-relat-
ed increase in delta over left posterior 
(O1) visual cortex (figure 1a), in pre-
cisely the pattern previously reported 
by Penolazzi’s group for their dyslexic 
subjects. The significance of this pattern 
becomes clear when one understands 
that for skilled readers, but not dyslex-
ics, activation over left occipital cortex 
during reading occurs primarily in beta 
band (Thornton and Carmody 2005), 
and appears to support effortless, rapid 
(< 150 millisecond) and automatic word-
recognition skills (Shaywitz, Gruen et 
al. 2007; Spironelli and Angrilli 2009). 
Kevin’s left occipital delta activation 

Continued on page 18
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appears to be a maladaptive substitute for 
the posterior beta activation seen in good 
readers, signaling that neural substrates 
which support rapid automatic word rec-
ognition are deactivating during task; for 
Kevin, word recognition is likely to be a 
slow, laborious and effortful struggle.

Post-treatment findings: Follow-
ing 60 hours of listening therapy, striking 
improvements were evident in the topo-
graphical distribution of Kevin’s reading-
activation delta (figure 1b). Reading now 
elicits the desired focal increase in tempo-
ro-central delta seen in good readers (An-
gelakis, Lubar et al. 2002), a pattern which 
likely reflects task-related engagement of 
a network integrating bilateral auditory 
cortex with a midline attention system. 
Although posterior delta was still evident 
during reading, it was now lateralized to 
the right-hemisphere O2 site, signaling 
deactivation of the system which sup-
ports number recognition, but no longer 
encompasses the O1 site associated with 
visual word recognition. His new pattern 

likely signals improved neural selectivity 
during encoding of words vs. numbers, a 
skill found to be deficient among dyslexics 
(Klimesch, Doppelmayr et al. 2001). 
Theta

Background: While background theta ac-
tivity is thought to be a marker of fatigue or 
mental inefficiency, task-specific increase 
in theta is well-known to play a crucial 

role in cognitive processes including verbal 
learning. For example, oscillatory activity 
within the 4-7 Hz band is the “language of 
the brain” supporting memory encoding 
when learning a story or word list (Klimesch 
1999). Good readers demonstrate a greater 
left vs. right hemisphere theta activation 
for language-based tasks. By contrast, 
EEG studies have confirmed that dyslexic 
readers demonstrate an “inverted theta 
lateralization” pattern, with compensatory 
right hemisphere activation substituting for 
weak or absent left hemisphere activation 
during language-based tasks such as read-
ing (Spironelli, Penolazzi et al. 2006). For 
good readers but not dyslexics, task-related 
increase in theta amplitude during reading 
is typically observed over left lateral-fron-

tal and occipital regions. At occipital sites, 
dyslexics show a complete lack of response 
to pseudo-words (non-words to be sound-
ed out phonetically) showing their lack of 
ability to match grapheme to phoneme in 
order to encode unfamiliar words into vi-
sual working memory (Klimesch, Doppel-
mayr et al. 2001).

Pre-treatment Findings: A reverse-
lateralization pattern was evident in Kevin’s 
pre-treatment theta band qEEG (figure 2a). 
Kevin’s compensatory “inverted theta lat-
eralization” pattern (Spironelli, Penolazzi 
et al. 2006) suggested that, prior to training; 
he inefficiently relied on his non-language-
specialized right hemisphere to support en-
coding of reading input into memory.

Post-treatment Findings: Following 
60 hours of therapeutic listening, Kevin’s 
maladaptive reverse-lateralization was re-
placed with a bilateral frontal activation 
pattern (figure 2b), reflecting his increased 
success in recruiting the language-specific 
hemisphere to support working memory 
and encoding during reading. While this 
was not the normal, left-frontal-only theta 
recruitment pattern seen among “good 
readers,” Kevin’s post-treatment bilateral 
frontal activation pattern did reflect a shift 
to the pattern seen in “well compensated” 
young adult dyslexics who have learned to 
improve reading accuracy, although their 
speed and fluency continue to be reduced 
(Shaywitz, Shaywitz et al. 2003).
Alpha

Background: In contrast to the task-related 
synchronization, or amplitude increase, 
which accompanies cognitive processes in 
the theta band, within the alpha band, the 
inverse is true. Cognitive processing, which 
is typically accompanied by desynchroniza-
tion or the suppression of alpha amplitude 
during task, is the “best case” finding. Con-
firming a frequently observed clinical find-
ing, Rippon and Brunswick (2000) reported 
that dyslexics, in comparison to good read-
ers, demonstrate a global absence of task-
related alpha amplitude reduction during 
reading, as compared to normal readers. 
Klimesch and colleagues sought to clarify 
the specific role of alpha in reading. They 
found that task-related desynchronization 
in an upper alpha band lying above indi-
vidually determined peak alpha frequency, 
is associated with encoding of word-mean-
ing during reading, while desynchroniza-
tion within a lower alpha band reflects 
general attentional control processes. In the 
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lower alpha band, Klimesch reported that 
dyslexics demonstrated failure to suppress 
8-10 Hz activity during reading at O1, sug-
gesting difficulties in attention control at 
the initial word recognition stage. In the 
upper alpha band, good readers, but not 
dyslexics, demonstrated highly selective 
desynchronization over left frontal sites 
(e.g. Fz, F3, F7) which are responsible for 
extracting meaning from the written word, 
highlighting dyslexics’ chronic difficulties 
with these skills (Klimesch, Doppelmayr et 
al. 2001). 

Pretreatment Findings: Consistent 
with the above studies, Kevin’s pre-treat-
ment reading vs. eyes open difference map 
for the alpha band (figure 3a) revealed only 
a weak, localized alpha suppression during 
reading, suggesting inefficient visual atten-
tion for the written word. 

Post-treatment Findings:, Kevin’s 
post-treatment alpha band task activation 
map (figure 3b) revealed a broad and robust 
posterior alpha desynchronization, which 
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now included O1, suggesting markedly im-
proved activation of visual cortex to support 
rapid visual word recognition processes 
specific to that region. However, in both pre 
and post treatment maps, alpha band de-
synchronization over left frontal (Broca’s) 
area, reported by Klimesch and colleagues 
for good readers, was not observed, hinting 
that Kevin is likely to continue to experi-
ence continued difficulties with extracting 
meaning from the written word.
Beta

Background: Within the beta band, signifi-
cant findings have been reported for both 
left lateral and occipital cortical regions 
during reading task. In normal readers but 
not dyslexics, Klimesch and colleagues 
noted a topographically specific cortical 
activation in 14-16 Hz beta band at record-
ing sites corresponding to Broca’s area 
(FC5) and angular gyrus (CP5, P3) during 

word encoding, suggesting a specific role 
for beta in the grapheme-to-phoneme en-
coding of words (Klimesch, Doppelmayr 
et al. 2001). Walker and Norman reported 
that a neurofeedback protocol to increase 
16-18 Hz activity at left temporal area 
(T3) was quite helpful in improving read-
ing speed and comprehension in a series of 
dyslexic patients (Walker 2006). Flynn and 
colleagues reported that dyslexic children 
demonstrated decreased parietal-occipi-
tal beta activation during reading as com-
pared to good readers. (Flynn, Deering et 
al. 1992). Thornton examined qEEG read-
ing-activation in normal readers for both 
15 to 30 Hz beta 1 and 30 to 64 Hz beta 
2 bands, and found that, during the input 
stage, “reading is primarily a posterior beta 
2 activity” (Thornton 2002). Penolazzi and 
colleagues investigated the impact of com-
puter administered phonological training on 
cortical reorganization in dyslexic children. 
After a 6-month phonological training (10 
min/day through PC software), improved 
reading speed was significantly correlated 
with beta amplitude at posterior sites; those 
children who had the greatest reading speed 
enhancement showed the largest left poste-

rior EEG beta power increase (Penolazzi, 
Spironelli et al. 2010).

Pretreatment Findings: Prior to train-
ing, Kevin demonstrated a maladaptive de-
crease in left posterior beta. This finding, in 
combination with the atypical task-related 
increase observed in delta band, signaled 
deactivation of the word-form area which 
supports effortless, rapid word recognition 
in skillful readers, but which is typically in-
active in “persistently poor” dyslexic read-
ers (Shaywitz, Shaywitz et al. 2003).

Post-treatment Findings: Upon 
completion of the therapeutic listening in-
tervention, Kevin demonstrated a dramatic 
enhancement of his ability to recruit left oc-
cipital cortex during reading. His increased 
beta amplitude at O1 during reading pre-
dicted that he was likely to experience 
enhanced reading fluency and faster word 
recognition skills. 

Coherence

Background: In comparison to normal read-
ers, dyslexic children demonstrate a num-
ber of coherence abnormalities, reflecting 
the functional connectivity problems un-
derlying the disorder.

Dyslexics demonstrated significantly 
greater coherence within hemispheres as 
compared to controls, suggesting functional 
disconnection between the respective hemi-
spheres (Leisman 2002). During phonologi-
cal tasks, dyslexics demonstrate disrupted 
functional connectivity between left angular 
gyrus (P3 , T5) and adjacent temporal and 
occipital sites (Pugh, Mencl et al. 2000).

Excessive right temporo-central co-
herence likely correlated with the dyslex-
ic’s compensatory over-reliance on their 
non-language hemisphere (Arns, Peters et 
al. 2007).

Findings: Prior to the therapeutic 
listening intervention, Kevin demonstrated 
pronounced theta hypocoherence within 
the right hemisphere. While Kevin’s pre-
treatment pattern, displayed in figure 5, was 
somewhat different than that described by 
researchers in the literature review above, 
his theta coherence values nonetheless re-

sponded well to treatment and were fully 
within normative limits upon completion of 
the listening intervention.
Neuropsychological	
findings

When training was complete, repeat neu-
ropsychological testing did not indicate an 
across the board increase in Kevin’s reading 
grade level. However, he did demonstrate 
significant improvements in several com-
ponent skills suggesting improved reading 
readiness. These included gains of 1 stan-
dard deviation or more in span of auditory 
attention, auditory memory, and reading 
speed/ fluency. Together these gains support-
ed the prediction, based on pre-post training 
qEEG comparisons, that neural substrates 
of reading efficiency had been enhanced, 
providing a firmer foundation for future 
reading instruction upon Kevin’s return to 
the classroom. While EnListen training will 
never replace classroom reading education, 
it may jump start traditional remediation in-
terventions, by providing the student with an 
enhanced “brain readiness” to benefit from 
educational interventions.
Post-script

While dyslexia is strongly (54 to 75%) hered-
itable, functional neuroimaging has revealed 
that a new generation of neuroscience-based 
interventions have a surprising capacity to 
promote brain plasticity; “re-wiring” and 
normalizing function in portions of the brain 
responsible for the disorder (Gabrieli 2009). 
In the present case history, this investigator 
was unprepared for both the consistency and 
specificity with which sound training ap-
peared to impact electrocortical networks 
known to be associated with effective read-
ing. Might EnListen therapy be a candidate 
for membership in this newly emerging 
group of highly effective, neuro-science 
based interventions? Further research cer-
tainly appears to be warranted.
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Introduction

Operant conditioning of qEEG holds promise 
as one of an emerging family of rehabilita-
tion strategies which complement traditional 
interventions by directly targeting cortical 
reorganization. By addressing the neural sub-
strates of reading readiness, neurofeedback 
may provide a foundation for traditional edu-
cational remediation efforts, jump starting 
the student’s capacity to respond to classroom 
reading instruction. 

Background

When I first met Matt, he was a 16-year-
old high school junior. His mother, herself 
an educator, reported that Matt’s reading 
disorder was first diagnosed in the 1st 
grade. Despite 10 years of remedial reading 
interventions at school, supplemented with 
mother’s extra help at home, he continued 
to struggle with reading. As a result, Matt 
derived little pleasure from the classroom 
and redirected his energies toward high 
school football and baseball, where he 
thrived and excelled. Like many dyslexics, 
Matt was an active, popular kid, who pre-
ferred to relate to his world through hands 
on experience. At home, he assiduously 
avoided leisure reading, with the exception 
of his monthly issue of Sports Illustrated 
magazine. 

Baseline neuropsychological testing 
confirmed the problem. On the Woodcock 
Johnson-III Tests of Achievement, Matt’s 
reading efficiency fell below 90% of his 
peers. While his full-scale Wechsler IQ 
fell solidly within average range, his Per-
formance IQ lagged behind Verbal IQ by 
nearly one standard deviation, highlight-
ing that, like many problem readers, Matt 
was a right- brain dominant, visual-spatial 
learner, who was at a distinct disadvantage 
in a world where instruction relied primar-
ily on left-brain, verbal abilities. 

To get a qualitative feel for his read-
ing experience, I asked Matt to read aloud 
from the Sports Illustrated issue which he 
had brought with him to our session. His 
approach to the passage provided addition-
al insight into both his reading struggles 
and his preferred compensatory strategies. 

His reading was hesitant and non-fluent. 
When he encountered a word which he 
did not recognize, he defaulted to a sight-
reading approach, attempting to guess the 
word from the initial few letters, rather than 
decoding phonetically. When this strategy 
failed, Matt preferred to gloss over words 
which he did not recognize, relying on con-
text and his overall sense of the passage 
to compensate for any missed words. This 
strategy had its limits-Matt did best on con-
crete passages which were easily visual-
ized, and struggled with abstract metaphor. 
For example, when the sportswriter color-
fully attributed his favorite running back’s 
phenomenal ability to hold onto the ball to 
“hands like Velcro mitts,” Matt could nei-
ther decode the words in front of him nor 
make sense of the passage.
Initial	Assessment:

To further clarify the basis for Matt’s read-
ing difficulties, we collected 19-channel 
quantitative EEG data during baseline eyes 
open and eyes closed conditions, for refer-
ence to the NeuroGuide normative data-
base. However, baseline resting data, while 
helpful, provides only indirect information 
about brain performance characteristics 
during relevant cognitive tasks. With this in 
mind, we also collected qEEG data during 
standardized reading and delayed reading-
recall tasks, referenced against a sample of 
approximately 100 normal readers aged 15 
to 60, utilizing EEGStat analysis software 
(Nahum and Thornton 2005; Thornton and 
Carmody 2005). Values for EEG relative 
power, phase delay and coherence, demon-
strating > 1.5 S.D. discrepancy with refer-
ence to normal readers were identified.
Pre-treatment	findings	

We inspected Matt’s EC baseline and task-
activation qEEG patterns with particular 
attention to regions of interest relevant to 
dyslexia (figure 1). 

Matt’s qEEG revealed a characteristic 
pattern of prominent fronto-central 4-7 Hz 
slowing, suggesting that he was among the 
40% of dyslexic children who may qualify 
for a concurrent diagnosis of ADHD. For 
discussion of the underappreciated role of 
attentional mechanisms in reading difficul-
ties, see Shaywitz and Shaywitz 2008.

Several investigators have reported 
that good readers, as opposed to dyslexics, 
demonstrate increased posterior task-related 
activation during reading, which appears to 
support efficient visual attention and word 
encoding processes. Increased task-related 
beta band activity may be critical to support 
visual attention for initial word-form detec-
tion at left visual cortex (O1) region, as 
well as the grapheme-to-phoneme match-
ing process supported by the angular gyrus 
(P3, T5) region. Klimesch and colleagues 
noted a highly specific posterior cortical 
activation in 14-16 Hz Beta band during se-
mantic word recognition (Klimesch, Dop-
pelmayr et al. 2001). Thornton extended 
this analysis to examine activation in a 30 
to 64 Hz beta 2 band, and found that, dur-
ing the input stage, “reading is primarily a 
posterior beta 2 activity” (Thornton 2002). 
When we examined Matt’s task-activation 
qEEG, we found the posterior underactiva-
tion pattern during silent reading, in both 
beta 1 and beta 2 bands, which is charac-
teristic of dyslexic, as compared to normal, 
readers (see illustration, figure 1).

Guided by past neuro-imaging and 
qEEG studies, we knew that amelioration of 
anomalies in left lateral hemisphere regions 
comprising the phonological loop, visual-
auditory association cortex and primary 
visual cortex were likely to be particularly 
productive (see Neurobiology of Dyslexia, 
on page 29 for a brief review). Matt’s EC 
qEEG revealed a striking pattern, reflect-
ing functional disconnection of the entire 
lateral left hemisphere network responsible 
for visual-linguistic processing, which was 
apparent in both absolute power and coher-
ence views.
Training	plan

We developed a 3-stage training plan to 
address these anomalies (see figure 2, 
SEQUENCE OF TRAINING). During stage 
1, we planned to utilize a beta / theta ratio 
protocol at Cz to address central slowing. 
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During stage 2, we planned to address the role of 
primary visual cortex in rapid word recognition, 
by rewarding a task-related increase in Beta 1 and 
Beta 2 activity during reading task. In Stage 3: we 
planned to address coherence deficits across the 
left lateral cortex. In contrast to traditional neuro-
feedback interventions, all training was performed 
under active task conditions.
Course	of	training

Over the next 12 weeks, Matt completed 25 
twice-weekly training sessions, lasting 45 min 
each. Sessions were divided into three minute 
runs, consisting of auditory feedback while Matt 
silently read to himself. Feedback consisted of an 
auditory tone, where beep rate signified success 
in maintaining the target brain activation state ap-
propriate to the reading task to match the EEG-
Stat reference sample target values. Matt’s first 
seven sessions were devoted to theta/beta train-
ing; while the remaining 18 sessions focused on 
training over the left lateral hemisphere as well as 
left posterior visual cortex. 

In a previous paper, Thompson and 
Thompson advocated for concurrent training in 
metacognitive strategies as a useful adjunct to 
neurofeedback training. Advantages of this ap-
proach include enhancing student’s level of en-
gagement, and promoting skill generalization to 
the classroom (Thompson and Thompson 1998). 
Consistent with this model, Matt received coach-
ing regarding various metacognitive word attack 
and attention-focusing strategies. Prior to each 
run, Matt was encouraged to select and test out 
the effect of using a particular strategy on his 
success during the run, in order to identify those 
strategies which optimized his ability to “get in 
the zone” which reflected activation patterns pre-
dictive of efficient reading. 

At the end of each 3-minute run, I probed 
and informally scored Matt’s recall for the pas-
sage he had just read. I next reviewed with Matt 
his % time above training threshold and average 
score during the run. We discussed his recall suc-
cess and his feedback performance scores, com-
paring his success as he trialed various word at-
tack and metacognitive attention strategies during 
successive runs. Following 3 successive trials to 
criterion, we proceeded to the next planned train-
ing target.

In contrast to traditional Z- score training, 
which provides guidance only for baseline EC 
and EO conditions, Thornton’s task-activation 
reference sample provides the clinician with an 
exact numeric training target specific to the read-
ing task itself, for each relevant training param-
eter and training site. Training thresholds were 
both precise and specific to the performance of 
efficient readers under task condition, serving as 

Continued on page 25
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guidepost for activation patterns likely to be 
associated with improved reading efficiency. 
This method offered a number of compelling 
advantages, including the capacity to train to 
link feedback directly to the reading task, en-
hanced efficiency of training, decreased likeli-
hood of overshooting the training target, and 
immediate face-valid feedback to the patient 
re: the impact of various metacognitive read-
ing strategies on his ability to get “in the zone” 
reflecting the brain activation patterns of effi-
cient readers.

Clinically, an early sign of progress was 
seen in Matt’s improving story recall abil-
ity. Matt demonstrated a clear learning curve 
across sessions in the number of details he was 
able to recount from a short passage read dur-
ing his training runs, suggesting improving 
comprehension. As training progressed, read-
ing rate became more fluent. Matt began to 
demonstrate obvious gains in his phonetic de-
coding skills-he more frequently attempted to 
sound out unfamiliar words, rather than simply 
glossing over them. However, neurofeedback 
alone could not substitute for the years of read-
ing experience that Matt had missed out on. 
This became obvious when he encountered ir-
regularly pronounced words which defied the 
usual rules of phonics. As his phonics skills 
emerged, I would observe him sound out such 
“irregular” words phonetically, only to be led 
astray because the word was not pronounced 
according to regular phonetic usage.

Our decision to terminate training at 25 
sessions was guided as much by practical as by 
clinical considerations. Because of his involve-
ment in high school sports, Matt’s goal was to 
complete training during the break between 
fall football and spring baseball seasons. As 
spring approached, Matt was anxious to trade 
in his electrodes for his ball and glove.
Outcomes

Post-treatment qEEG findings provided com-
pelling support for the efficiency and precision 
of the task-activation, z-score guided, training 
method. Figure 3 illustrates progress toward 
Matt’s three primary training goals: 1: Fronto-
central 4-7 Hz activity was now within normal 
limits. 2) Task-related beta 1 and beta 2 power 
during reading over the posterior cortex now 
approximated reference values for normal 
readers. 3) Coherence patterns, reflecting local 
neural networks, indicated that the left lateral 
hemisphere was no longer being “left out of 
the conversation.” 

Figure	�:	Neuropsychological	outcomes.	Woodcock	
Johnson—III	Percentile	Ranks.
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Moreover, whereas traditional training 
techniques often introduce new amplitude 
and coherence abnormalities, due to inad-
vertent over-training effects (see Walker and 
Horvat for discussion), Matt’s post-training 
maps suggested that, due to the precision 
and control afforded by the task activation 
z-score method, Matt’s training had resulted 
in few iatrogenic anomalies. Moreover, am-
plitude values over the left hemisphere now 
approached normal limits, in response to co-
herence and phase training alone.

Repeat neuropsychological testing 
(figure 4) reflected robust interval gains, 
with pre-post training gains on Wood-
cock-Johnson reading subtests averaging 
1 standard deviation, and all post-training 
reading scores falling in the low average 
range or better. An additional measure of 
comprehension for paragraph length mate-
rial reflected equally impressive gains: fol-
lowing training, Matt’s comprehension for a 
10th grade level passage had improved from 
20% to 75%. 

The relevance of these changes to 
real-life school performance was confirmed 
the day that I received a phone call from 

Matt’s mother. She informed me, with a 
mixture of delight and incredulity, that 
Matt’s English literature class was reading 
Shakespeare-and Matt had received an “A” 
on his Julius Caesar examination!

Interestingly, retesting on the WISC-
III revealed that Matt’s gains were specific 
to reading. Matt’s VIQ/ PIQ differential 
remained unchanged. This highlights that 
Matt’s training exerted a highly specific 
effect on neurophysiological substrates of 
phonological processing and reading abili-
ties rather than exerting a broader effect on 
his underlying right brain dominant learn-
ing style (figure 5). 
Post-script

Matt returned to the clinic at the end of the 
summer, prior to starting his senior year. 
Repeat assessment on Woodcock-Johnson 
reading subtests indicated stable gains. On 
repeat qEEG, Matt’s left lateral hemisphere 
amplitude and coherence patterns continued 
to approximate normal limits, predicting en-
hanced reading readiness as he entered his 
senior year. However, central 4-7 Hz activity 
had returned, suggesting insufficient inten-
sity of previous work on this goal. Results 
were discussed with Matt and he was invited 
to return to work on this goal. Matt opted 

not to do so, due to the approach of the fall 
football season. He successfully completed 
his senior year and is planning to start com-
munity college this fall.

Dr. Riss is a neuropsychologist whose 
practice focuses on rehabilitation of neuro-
logical disorders and traumatic injuries. He 
holds a diplomate with the American Board 
of Professional Neuropsychology, and is a 
BCIA senior fellow. He can be contacted at 
rriss@Madonna.org  
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Language

David Kaiser, PhD

Considering ecological, morphological, and 
perceptual constraints, cetaceans were more 
likely than primates to develop language. 
Dolphins vocalize in the same frequencies 
in which they perceive the world (echoloca-
tion), which means they ought to be able to 
convey what they ‘see’ with sound. Such an 
overlap of communicative and perceptual 
processes seems ripe for the evolution of lan-
guage. Primates, on the other hand, see one 
thing and hear another. Even humans, the 
virtuoso of sound processing of the Primate 
order, can only muster a few dozen sounds 
reliably (phonemes) and in a limited fre-
quency range. Most of our brain is dedicated 
to vision, to images, which explains the rise 
of squiggles to represent our thoughts (writ-
ing) but not the rise of speech.

How did primate vocalizations be-
come words? The move from ape to homi-
nid involved numerous morphological, 
physiological, and behavioral changes, and 
at the end of the gauntlet of change we en-
counter a species speaking sentences and 
writing plays and treatises. Many scholars 
look for anatomical clues as to how and 
when this metamorphosis took place. An-
atomically our vocal tract is quite similar 
to the standard-issue simian larynx. “(I)f a 
chimpanzee larynx could be grafted into an 
otherwise normal human being and if all 
the nerves could be connected such a hu-
man individual would be able to produce 
vocalizations and speech hardly or not 
discernible from the normal ones” Wind 
(1981). And our hearing is nothing spe-
cial either: most mammals can hear what 
we hear, give or take a bit. Human speech 
occurs in the sweet-spot of the mammalian 
auditory system in terms of frequency re-
sponse, which explains why dogs can read-
ily learn spoken commands but not why cats 
refuse to, which is another matter entirely. 
Even minks and chinchillas can hear the 
difference between supposedly subtle hu-
man-centric speech properties like voiced 
and unvoiced phonemes (Kuhl & Miller, 
1975) . So what triggered the transforma-
tion from emotive-vocalizer to speaker of 
sentences and verbal awareness? When 
did this change occur? When did the first 
person speak? Or is this an unfair question, 

one that ignores the gradual changes which 
had to accumulate in order for conversation 
to become commonplace? 

Fine control of the primate vocal ap-
paratus was critical to the emergence of 
speech and this necessarily required an in-
creased blood supply to those areas of the 
brain controlling the musculature of our lips, 
mouth, and tongue, not to mention lungs and 
diaphragm. Endocranial wall impressions of 
prehistoric human skulls, however, reveal 
increased vascularization of these brain ar-
eas as early as 30,000 years ago; and cul-
tural artifacts suggest an even earlier point 
of origin. About 80,000 years ago a small 
group of humans in Southern Africa were 
fashioning sewing needles and hooks out of 
bone and shell and drawing abstract designs 
in ochre, the Picassos of the Pleistocene Era. 
It is difficult to explain this combustion of 
creativity and abstract thought without some 
semblance of words to guide them.

According to evolutionary theory, 
the radical shift from primate vocalization 
to full-blown language must have occurred 
at a time when its benefits outweighed its 
disadvantages (e.g., greater likelihood of 
choking). So the question is, when was 
there enough ecological pressure to re-
ward a sweeping change in primate/homi-
nid communication? We do know that our 
current look (brain, body, face) is about 
100,000 years old, give or take a few years, 
and that our most recent speciation (to 
Homo sapiens from a precursor species) 
coincided with a series of four ice ages. 
The warm interglacial periods between 
cold spells probably lacked sufficient eco-
logical challenge to grant any new survival 
value to speech, but once the glaciers took 
over the neighborhood, language may have 
come in handy. 

Many scholars believe that language 
evolved in response to the needs of child-
parent communication (e.g., Locke & Bo-
gin, 2006; Gibson, 1985). Others believed 
that the loss of habitat pushed us into in-
vading an environmental niche (social 
predator) that did not cater to our primate 
strengths (e.g., visual/color inspection, 
hand manipulation, climbing) so we creat-
ed new strengths to survive (Jerison, 1988). 

Most social predators (e.g., wolves) navi-
gate and defend an extensive territory using 
scent (urine cues), but our olfactory system 
is embarrassingly weak and we would have 
to rely on visual memory and vocalizations 
to map and defend new territories. Speech 
may have been a byproduct of new hunting 
practices, our attempts to mimic the cries 
of other species (food calls, mating calls) 
(e.g., Fischer, 1981). By imitating more and 
more sounds of prey, we became facile with 
our vocal apparatus and developed refer-
ence and signifiers in our vocalizations, 
nouns and verbs and adjectives, the basics 
of propositional thought. This theory is in-
triguing in that it means that Nature herself 
taught us to speak. 

We may never find indisputable evi-
dence of the event or pressure that got us 
talking and thinking in words. But we do 
know that language is critical to not only 
communication but cognition. When Na-
ture fails to teach someone to speak fully 
and freely, or when this process is inter-
rupted or impaired by injury or disease, we 
need to step in and assist. Without language 
a modern-day person is lost in this world. 
Language makes us human. Fortunately 
those with language can readily assist those 
without, and we now know more about the 
processes of language in the brain than ever 
known before.
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H.L. was 7 years and 4 months old when she 
first came to our clinic. Her parents’ chief 
complaints for her were of reading difficul-
ty, ADHD, auditory processing difficulty, 
and short term memory difficulty. She had 
fallen off a bed and hit her head at 4 months 
of age, but did not lose consciousness and 
had no obvious sequelae. Her developmen-
tal milestones (sitting, standing, walking 
and talking) occurred within normal limits. 
Review of systems revealed that her sleep 
onset was delayed and sleep was fitful. She 
would often awaken several times. Her par-
ents reported that she was anxious much of 
the time (especially at school), and would 
occasionally become somewhat depressed. 
She was in a regular first grade class, but 
was reading poorly and at a pre-kindergar-
ten level in her reading recovery program. 
She often had to hear or read things more 
than once before she understood them. 
When given 3 things to remember, she 
might recall one or two, but rarely the third. 
She was not particularly hyperactive or im-
pulsive, but did have difficulty maintaining 
focus in the class room (especially with 
math). She sucked her thumb obsessively, 
was a poor speller and was not comfortable 
in social situations including not going to 
any friend’s house. Her neurological ex-
amination was normal.

An IVA Continuous Performance test 
revealed a full scale attention quotient of 
64, with an auditory AQ of 62 and a visual 
AQ of 75. Her response control quotient 
was 89, with an auditory RCQ of 77, and a 
visual RCQ of 101. Her CNS Vital Signs re-
port indicated average psychomotor speed, 
low average complex attention, memory 
and neurocognitive index (NCI). Reaction 
time and cognitive flexibility were low.

Her raw EEG was within normal lim-
its for her age. A reading difference topo-
graph (Walker and Lawson, 2007) revealed 
an increase in delta activity at PZ and O1, 
an increase in theta activity at O1 and O2, 
and an increase in beta activity at O1 and 
O2, all during the reading condition when 
compared to the eyes open /not reading con-
dition. These increases are paradoxical and 

abnormal, suggesting probable difficulty 
with visual processing and thinking speed 
while reading. Abnormal QEEG findings 
using the Thatcher Neuroguide data base 
were as follows:

Consistent with (Walker, et al, 2007)

Initial neurofeedback consisted of 5 
sessions each of 2 channel training in the 
following sequence:
1. decrease 1-5 Hz at O1 + O2 while read-

ing, to improve visual processing

2. decrease 1-2 Hz at F7 + F8 to improve 
verbal and emotional expression

3. decrease 1-5 Hz at FP1 and Fp2, to 
improve attention, hyperactivity and 
impulsivity

4. decrease 10 Hz at T3 and F4, to im-
prove verbal memory and left hand 
function

5. decrease 21-30 Hz at F3 and C3, to re-
duce anxiety and obsessive behavior

A repeat QEEG was then done, which 
revealed normalization of all the focal slow 
and fast abnormalities and coherence abnor-
malities. Her parents reported significantly 
improved auditory and visual processing 
and in her ADHD symptoms. They did not 
feel she had experienced any depression or 
anxiety. She no longer sucked her thumb. 
They reported that her reading ability was 
now “phenomenal.” She was reading at or 
above grade level, even one book on the 5th 
grade level. She was falling asleep easily 
and sleeping through the night. We did not 
repeat the IVA or the CNS post-training.

Addendum

We have now done QEEG-guided neu-
rofeedback training on 40 children (7-12 
years of age), 10 adolescents (13-18 years 
of age) and 15 adults (19-50 years of age). 
All have experienced significant improve-
ment in their reading ability. All of the 
children now read at or above grade level. 
The average number of sessions required is 
35 (range 20-46). Details of our procedure 
may be found in our original dyslexia paper 
(Walker & Norman, 2006).
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power

Increased 1-4 and 10 Hz at FP1 and FP2
Increased 1-2 Hz and 10 Hz at F7 and F8
Increased 10 Hz at T3
10 Hz at O1

ADHD
Poor verbal and emotional expression
Poor short term memory Increased
Poor visual processing

Relative 
power

Increased 1-2 Hz at F1 and F8
Increased 2 Hz at F4
Increased 21-30 Hz at F3 and C3

Poor verbal and emotional expression
Poor left hand function
Anxiety and OCD

Coherence Decreased delta and theta coherence at 
T3/C3

Disconnection between memory and right hand 
function

Case	Report:	Dyslexia	Remediated	
with	QEEG-Guided	Neurofeedback
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Developmental dyslexia is a learning disorder marked 
by persistent difficulty in learning to read in children 
who otherwise possess normal intelligence, motiva-
tion and educational opportunity  (Ramus 2004). It is 
strongly hereditable; up to 50% of siblings and par-
ents, and 68% of identical twins will have the disorder 
(Gabrieli 2009) .  

Over the past two decades, data from laborato-
ries around the world has emerged to reveal a neural 
network.  Figure 1 illustrates three neural systems for 
reading within the left hemisphere. System #1 (shown 
in green, left inferior gyrus, Broca’s area) supports mo-
tor speech, and the child’s first efforts to sound out new 
words by vocalizing aloud. This region also encom-
passes a working memory system which helps the child 
to encode what has been read into memory. System #2, 
(shown in red, in the parieto-temporal region, angular 
gyrus) is pivotal in helping the child to map the visual 
word, or grapheme, to its corresponding sound, or pho-

neme (this is where phonics lives in the child’s brain!). 
As a child first learns to read, systems 1 and 2 develop 
first, and reflect effortful decoding.  System #3 (shown 
in yellow, in the occipito-temporal region), the last of 
the three systems to evolve, develops only with prac-
tice. Termed the visual word-form area, it supports rapid 
(150 ms) effortless and automatic word recognition 
processes and is of particular importance for skilled, 
fluent reading.

Convergent evidence from brain imaging has re-
vealed a specific pattern of differences in brain activa-
tion between good and poor readers that may represent 
a “neural signature” for reading difficulties experienced 
by dyslexic readers (see figure 2).  Researchers have 
identified a pattern of relative under-activation in the 
back of the brain, coupled with relative over-activation 

Figure 1: Neural systems for reading in normal readers. Adapted with permission.

Figure 2. Neural signature for dyslexia. Adapted with permission.

Figure 3. Ordinary readers activate three left hemisphere neural systems for reading: an 
anterior system and two posterior systems. Dyslexic readers have a disruption in the left 
hemisphere posterior neural systems for reading but compensate with less efficient and more 
effortful anterior left and right hemispheres systems. Adapted with permission.

Continued on page 31
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Neurobiology	of	Dyslexia	
continued	from	page	2�

in front of the brain. In comparison to normal readers, dyslexic read-
ers fail to recruit posterior regions of the brain supporting efficient 
reading (Shaywitz, Shaywitz et al. 2002; Spironelli and Angrilli 2009), 
and must over-rely on anterior regions (e.g. F7; F3) which reflect con-
scious, effortful processing, and reliance on rote memory vs. phonetics 
to support word recognition. Good readers, by contrast, demonstrate 
robust activation of a left occipito-temporal reading system (anterior 
to O1) to support rapid, effortless word recognition, and a parieto-tem-
poral (e.g. P3; T5) reading system encompassing left angular gyrus, 
supramarginal gyrus and posterior aspects of the superior temporal 
gyrus,  to map the visual word to its corresponding sound. 

Adding to their disadvantage, dyslexic readers must rely upon 
compensatory activation of their non-language, right hemisphere dur-
ing reading to partially offset their reduced capacity to recruit left-hemi-
sphere, language-specialized areas of the brain (see figure 3).  
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1. Providing suggestions of media 
targets for the PR Committee and 
Board of Directors to address with 
letters and other types of contact. 
The working definition of “media 
target” would be 

•	 national television programs, 
•	 radio programs, 
•	 professional organizations, 
•	 patient or organizations concerned 

with neurofeedback potential dis-
orders

•	 continuing education organizations 
for various professional fields that 
should be knowledgeable about or 
referring for neurofeedback, 

•	 prominent individuals who have 
either written about a disorder that 

neurofeedback improves or 
•	 celebrities who themselves have 

gone public with a disorder or 
bothersome symptom that neuro-
feedback likely would successfully 
address

•	 science or other journalists that 
might be interested in neurofeed-
back

2. Taking the initiative and a few 
minutes to send individual faxes, e-
mails, or hard copy letters to media 
targets that are locally based or of 
particular interest to you as indi-
vidual providers. As an assist, the 
Committee has written a form letter 
that you can tailor to your own style 
to fit specific situations of which 

you become aware. Contact Grayce 
Stratton at DrGrayceStratton@aol.
com for further assistance.

The Committee will compile a listing to 
be made available to the entire member-
ship when complete. 

The	Public	Relations	
Committee:

Sarah Prinsloo (Committee Chair) 
Grayce Stratton 
Cindy Perlin 
Dianne Roberts Stoler 
Kathy Abbott 
Tom Collura and Cynthia Kerson [ad 
hoc as President and Executive Director 
(respectively)]

Dear	ISNR	Members—
The Public Relations Committee is in need of your assistance to vastly  

extend the range of their efforts in two simple ways:
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Biofeedback and neurofeedback hold tremendous potential in sport and performance
applications to train the body and mind to work together, but remain underutilized. AAPB‘s
newest book, Biofeedback & Neurofeedback Applications in Sport Psychology will teach
the practitioner:

• To apply biofeedback and neurofeedback to athletes and others wanting to gain a
competitive advantage.

• The latest advances in technology and hardware, including wireless equipment options.
• Protocols specific to individual sports or client populations. Practical exercises are provided

to help the athlete/coach/trainer enhance mental skills such as focus and composure.
• New strategies for the elimination of bad habits.

Written by top sport psychologists and experts in the field of biofeedback and neurofeedback,
including case studies as well as illustrations and graphs that highlight the use of the authors’
techniques, Biofeedback & Neurofeedback Applications in Sport Psychology is a must-have
reference for today’s practitioner interested in helping clients reach their maximum potential.

Order your copy at www.AAPB.org
or telephone 800-477-8892.

Association for Applied
Psychophysiology & Biofeedback
10200 W. 44th Avenue, Suite 304
Wheat Ridge, CO 80033
800-477-8892
www.AAPB.org

Edited by: Benjamin W. Strack, PhD; Michael Linden, PhD; and Vietta Sue Wilson, PhD
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From a clinical perspective, excessive 
anger/irritability (AI) is interesting for a 
number of reasons. First, it is one of the 
symptoms for about 17 conditions outlined 
in DSM-IV (American Psychiatric Asso-
ciation, 1994) including my specialty of 
Post-Traumatic Stress Disorder (PTSD). 
Second, when AI is one diagnostic element 
in a condition, the commonly-held clinical 
presumption is that treating the syndrome 
will result in a decrease in all component 
symptoms including AI. Third, the position 
of many clinicians today is that medication 
and/or aspects of cognitive behaviour ther-
apy represent the optimal treatment choices 
for affective conditions.

As measured by a variety of methods 
including use of the Trauma Symptom In-
ventory (TSI; Briere, 1992), about 70% of 
my police and military clients achieve com-
plete remission of their PTSD with what I 
have referred to as my basic approach. The 
TSI is a standardized psychological test 
with good psychometric properties. It yields 
an overall PTSD statistic, scores for each of 
the three clusters that comprise the diagno-
sis of PTSD, and information on a variety of 
other variables such as AI. Scores above 63 
are considered to be clinically significant. 
Following a careful assessment, my basic 
treatment approach includes utilizing rele-
vant stabilization strategies, teaching meth-
ods of self-regulation for both autonomic 
nervous system variables and selected mus-
cle tension via clinical psycho-physiology, 
therapeutic attention to improving sleep, 
and implementation of specific elements of 
cognitive behavioural therapy as required. 
Additional information is found in my 350-
page book Multi-Component Treatment of 
Post-Traumatic Stress Disorder Including 
Strategies from Clinical Psycho-physiolo-
gy and Applied Neuroscience (Carmichael, 
2010). The book is published by ISNR and 
all monies from the sale of this book are 
directed to the ISNR Research Foundation 
in the furtherance of their agenda. 

In addition to improvements such 
that the diagnosis of PTSD is no longer ob-
tains, my basic approach has resulted also 
in reducing excessive AI into the normal 
range for most clients. However, to date 

three military veterans and one retired po-
lice officer were exceptions.

All four had completed my assess-
ment and basic approach. WG and AB were 
both taking SSRI medication as prescribed 
when we met but CS and GR were not on 
any psychotropic regimen. Three clients 
(WG, CS, and GR), veterans of the Ca-
nadian Forces, had been deployed to UN 
peacekeeping duties in the former Yugo-
slavia. Although without symptoms pre-
viously, they developed PTSD from such 
frequent deployment experiences as being 
under armed attack, patrolling potentially 
dangerous locations, and witnessing many 

acts of aggression and inhumanity from one 
side or the other in the conflict. At the end 
of their deployment, they retired from the 
army. Like most of the military veterans I 
see, the three came to my attention about 
fifteen years later. Again similar to other 
veterans, between deployment and seeing 
me they had not sought out any profes-
sional assistance for their psychological 
symptoms. 

AB had retired from decades of 
frontline work with the Royal Canadian 
Mounted Police (RCMP), Canada’s nation-
al police force. As such he had witnessed 
scores if not hundreds of traumatic events 
in his career as well the experience of phys-
ical actions against him by suspects. I saw 
him during the time leading to his retire-
ment and afterwards in regards his diagno-
ses of PTSD and MDD (major depressive 
disorder), both of very long duration. Ad-
ditionally, he had obstructive sleep apnea 
in the severe range, had undergone surgery 
for this, had been prescribed a continuous 
positive airway pressure device (CPAP), 
but had not been able to tolerate it. 

Following my basic treatment ap-

proach, my assessment combination (clini-
cal impression, client verbal report, and both 
the overall and cluster scores for PTSD on 
the TSI) indicated that the PTSD condition 
for all four clients was in remission as was 
MDD for AB. However, a range of mea-

sures (clinical observation and impression, 
client verbal report, information from sig-
nificant others, and scores on the valid TSI) 
indicated that AI remained in the range of 
clinical significance. 

Consequently, using the DeyMed 
Truscan, I administered a qEEG to all four, 
webmailed the data to Dr. Bob Thatcher 
who inspected the data as well as subject-
ing it to analysis using both the Neuro-
Guide and LORETA software. Then he 
forwarded the resulting brain maps to me 
along with his NFT recommendations. As it 
transpired, each client’s qEEG differed sig-
nificantly from the normative samples such 
that three NFT protocols were required for 
each of them. Hence, weekly NFT sessions 
were arranged wherein 15 minutes was al-
located to each of the three protocols. As 
well, time was available during each session 
for a variety of purposes such as encour-
aging maintenance of the basic approach 
learned previously and managing stressors 
as they arose. Consequently, session-dura-
tion ranged between 1.25 and 1.50 hours. 
All clients were funded by Veterans Affairs 
Canada as all had received disability status 
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for their psychological condition(s). VA 
Canada is the federal government agency 
responsible for both RCMP and military 
veterans. 

Client	WG

WG had frequent outbursts of verbal an-
ger, throwing things, and punching holes 
in walls and windshields. After episodes of 
anger, typically WG had no recollection of 
the incident. Alcohol played no role. The 
triggering component for episodes of AI 
was the behaviour of his wife who would 
keep at him during frequent disagreements 
and not accept a cooling off period; when 
he called a time-out and walked away, she 
would follow him and continue pressing her 
point. Additionally, he found her to be very 
critical of both he and his son. Anger epi-
sodes did not occur at his place of employ-
ment, during recreational activities with his 
friends, or when with his children.

Following basic treatment, WG’s AI 
score remained elevated although I have not 
been locate it. Brain maps indicated electro-
physiological deregulation; insufficient am-

plitudes in the 13 Hz to 20 Hz range at P4 
and C4, again in the 14 Hz to 20 Hz range 
at C3, and low coherence between P3 and 
the linear combination of Pz, O1, and O2 

in the 8 Hz to 12 Hz frequency range. After 
25 sessions of NFT protocols during which 
electro-physiological characteristics moved 
in the desired direction, AI decreased to 54 
(remission). In the last two months of NFT 
he had but one anger outburst (overturned a 
table) in spite of the continuing provocative 
behaviour of his wife. Also, during NFT he 
decided to limit alcohol intake even though 
the topic had not arisen during our discus-
sions. Additional to NFT, during the last 
number of sessions considerable time was 
spent in examining his marital situation 
resulting in the development of a number 
of options. During the last month of treat-
ment he was promoted to shift supervisor 
at work. We continue to meet monthly for 
follow-up which includes booster NFT ses-
sions such as when indicators suggest that 
levels of electro-physiological variables are 
moving back towards baseline.
Client	CS

The anger outbursts by CS could best be 
described as road rage which included 
verbal outpourings, fingering, horn honk-
ing, and vehicle manoeuvres against other 
drivers during his full-time work as a long-
distance trucker in charge of a very large 
rig. Additionally, he had a history of verbal 
attacks on his teen-aged daughter as well 
at least one incident of administering a sig-
nificant and prolonged physical beating to 
his dog following a minor misdeed. His 
explanation for all episodes was that once 
the anger arose, he was unable to stop him-
self even though he experienced prolonged 
guilt after each episode. His TSI score for 
AI was 64 after completing the basic ap-
proach although specific anger outbursts 
had continued. 

Analysis of the qEEG indicated am-
plitude excesses in the 1 Hz to 4 Hz range 
at Pz, insufficiencies in the 15 Hz to 20 Hz 
range in most posterior sites, and low co-

herence in the 20 Hz to 30 Hz range be-
tween Fp2 and F4. Data collected during 
the 27 NFT sessions indicated that desired 
changes were made according in the elec-
tro-physiological variables of interest. At 
the conclusion of our sessions, AI was in 
remission with a TSI score of 46 and he 
reported no episodes of anger on the road. 
Moreover, he was able, with clear thinking 
and without anger, to resolve the issues be-
tween himself and his daughter Additional-
ly, although in remission previous to NFT, 
significant continuing improvements were 
noted on TSI scales for anxious arousal, 
intrusive re-experiencing, self concept, and 
depressed affect. Also, he was able to attend 
the first reunion of his army unit without 
any negative effect; previous to this, even 
news of or thinking about things military 
would result in an increase in symptoms. 
Finally, in spite of a life-long difficulty with 
math, he was able to learn enough so as to 
pass an algebra exam which led to a desired 
job change. He chose to not continue with 
follow-up sessions. 

Client	GR

GR limited his anger to verbal assaults 
on his wife for such things as not keeping 
the house clean and free of clutter to his 
standards, not helping with home renova-
tions, and not getting a job to help with 
their finances. Also, he had frequent out-
bursts directed at some co-workers in the 
ambulance service where he worked as 
a paramedic when they failed to replace 
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items used on a call or did not put them 
in the right location in the unit. Moreover, 
he had little patience for what he saw as 
collegial incompetence when attending 
to the injured and was quick to bring this 

to their attention forcefully while taking 
over. Furthermore, he expressed frequent-
ly his discontent with how the ambulance 
service was organized and funded. Upon 
conclusion of the basic approach, his TSI 
score for AI had decreased to 67. 

QEEG-based protocols for him in-
cluded decreasing amplitude in the 3 Hz to 
4 Hz range at both C4 and T6 as well as 
increasing coherence between T6 and C3 
in the 1 Hz to 4 Hz range. Electro-physi-
ological data indicated that changes in the 
desired direction took place during our 16 
NFT sessions. His post-NFT AI score was 
59 on the TSI. Additionally, although within 
the normal range after the basic treatment, 
many TSI scores continued to improve such 
as anxious arousal, depressed mood, and 
self-concept. Beginning with the 13th ses-
sion, the most amazing change to observe 
was an increase in calm introspection such 
that he was able (1) to consider his role 
and expectations in respect to altercations 
at home and work, (2) to develop more 
understanding as to the actions of others, 
(3) to begin to accept the reality that oth-
ers did not share his expectations, and (4) 
to implement methods other than anger in 
managing frustrations. Due to the rigidity 
and forcefulness of his initial presentation, 
I had withheld from discussing these mat-
ters with him for fear that he might discon-
tinue needed treatment. In work with other 
clients, I have found self-initiated improve-
ments in their unfortunate thinking patterns 
after ten to twenty NFT sessions. 

Client	AB

AB was a tall and muscular man who pro-
duced elements of road rage when he wit-
nessed illegal or dangerous driving by oth-
ers even after retiring from the police force. 
Relatedly, post-retirement on a number of 
such occasions he would stop his car, get 
out, go over to the offending driver, and 

rant at him sometimes with the hope that 
the driver would provoke a physical en-
counter. Additionally, while on his frequent 
trips to Hawaii, when he heard negative 
comments about visitors from on-coming 
groups of locals, he would confront them 
nose-to-nose and be prepared for a physi-
cal confrontation. Furthermore, he was 
both angry and negative about most things 
and often did not withhold his opinions; his 
verbalizations would never have been con-
sidered as  politically correct.  His AI score 
was 84 on the TSI even after we completed 
the basic approach. 

Based on analysis of a second qEEG, 
the last 20 NFT sessions were directed to 
increasing the amplitude of 10 Hz to 14 
Hz in the linear channel combination of 
Fp1 + F3 + Fz, increasing the amplitude 
between 12 Hz and 14 Hz in the linear 
channel combination of T6 + O1 + O2, 
and increasing coherence between C4 and 
F8 in the 12 Hz to 25 Hz frequency range. 
At the end of NFT, statistics indicated that 
movement towards normalization in elec-
tro-physiological variables of the EEG had 
occurred and his final AI score of 52 on the 
TSI placed him in remission. Additionally, 
he, his wife, and a friend reported the ces-
sation of anger outbursts. Also, although 
in the normal range following basic treat-
ment, significant improvements contin-
ued on many scales of the TSI including 
anxious arousal, depression, intrusive re-
experiencing, defensive avoidance, and 
self-concept. Additionally, he was able to 
use his CPAP device, he reported improve-
ment in his ability to remember people’s 

names, and he spoke of not dropping ob-
jects as much as before. When asked how 
the changes had taken place his remark 
was  It was if something suddenly clicked 
inside me , a statement similar to what 
many clients have mentioned.

Towards the end of NFT treatment. 
I remember him beginning one session 
in an angry presentation accompanied by 
the words  What the hell are you trying to 
do to me? Are you trying to turn me into 
a wuss?  After calming myself, he smiled 
telling me that he had got me by feigning 
anger. It turned out that while attending a 
movie with his wife the previous night, an 
emotional scene on the screen had resulted 
in him becoming teary, something that had 
not happened before. I welcomed him into 
the family of the human race. While attenu-
ated significantly, politically incorrect ut-
terances continue although AB is cautious 
on circumstances including where, when, 
and to whom. 

Given that he had met the diagnos-
tic criteria for two conditions, his previous 
high level of symptom intensity, the many 
years during which symptoms had been 
present, and the fairly recent decrease in 
symptoms, he was informed that the likeli-
hood of a relapse was high. Also, among 
the few who have called me after a relapse 
following completion of NFT, most had 
previous co-occurring diagnoses of both 
PTSD and MDD. I suspect that the co-oc-
curring MDD is the key component in the 
relapse of some since no clients who had 
PTSD without MDD have called back. 
Therefore, AB is attending monthly follow-
up sessions aimed at relapse-prevention 
with interventions including booster NFT 
as indicated by electro-physiological data 
and other measures. 
Clinical	Conclusions

This case series has many limitations in-
cluding small sample size, no control 
group, completed by one clinician in a 
single setting, and the inclusion of multiple 
treatment components over time thereby 
making it difficult to specify which is key. 
Thus, it falls far short of the accepted char-
acteristics of good empirical research. Still, 
I have reached some tentative conclusions 
that will continue to direct my clinical ef-
forts until more empirically-based informa-
tion is available.

First, on the basis of this small 
sample, it is clear that AI can be associ-
ated with a variety of electro-physiological 
anomalies when subjected to NeuroGuide 
and LORETA analysis of a qEEG. This is 
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consistent with my clinical experience with 
both PTSD and MDD. I have yet to find two 
identical patterns. Such a conclusion runs 
counter to the approach by some colleagues 
in their search to find a single protocol or 
limited number of them that will be effec-
tive for all clients with a particular presen-
tation. Thus, my clinical interventions with 
NFT will continue to be based on norma-
tive analysis of each client’s qEEG. 

Second, there is objective evidence 
that electro-physiological variables such as 
microvoltages and coherence percentages 
do change in the desired direction as qEEG-
based NFT sessions continue. I monitor and 
record levels of these variables during each 
NFT session and then average the end-of-
session statistics in three-session intervals. 
From session to session, variables for some 
protocols change, others do not, and some-
times levels move in a direction opposite 
to the previous session. However, with very 

few exceptions, there is evidence of desired 
changes such that the averages for the last 
three weeks are significantly better in com-
parison with the averages recorded in the 
first three meetings.

Third, in this case series, there was 
a corresponding decrease in AI associated 
with improvements in electro-physiological 
changes during NFT. With clients who have 
PTSD, my results indicate that adding NFT 
to my basic approach increased remission 
rates from 70% to 90%. In this series, NFT 
was added for those who no longer met the 
diagnostic criteria for PTSD or MDD but 
who nevertheless still had AI scores in the 
range of clinical significance after comple-
tion of the basic approach. However, fol-
lowing NFT, AI reached remission levels 
for all of the clients (100%). These four 
clients are the only ones I have seen to date 
where NFT was required specifically for 
their AI.  
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Oct 21-24 and above) and Introducing NeuroGuide
w/Thatcher, Collura, Smith, Mrklas

195 WILLIS STREET, BEDFORD OH 44146
440.232.6000 ext 200 or 201

www.brainmaster.com /sales@brainmaster.com

NEW! DISCOVERY * 24Etm

24-channel EEG is an outgrowth of the BrainMaster 2E Atlantis
series of EEG and biofeedback devices. Train 2-19 channels. Of-
fers Neurofeedback, Biofeedback Training, and QEEG acquisi-
tion and training live! Compatible with industry standard soft-
ware packages that read standard EDF, Lexicor, or ASCII files.
BRAINMASTER ATLANTIStm SYSTEMS*

2 and 4 channels of EEG and biofeedback. DC; built in photic,
vibro-tactile, auditory. USB. Built in impedance checking and
more! Monitor, record, and train up to 4 channesl of DC and
Slow Corical Potentials using standard sensors and leads. Op-
tionally add full suite of biofeedback modalities.
THE ORIGNAL LIVE Z-SCORE TRAINING
BrainMaster introduced this method in 2006 and has contin-
ued to develop advanced methods. Only BrainMaster provides
flexible training of multiple Z-Score targets (%ZOK), target bi-
asing, and automated review of up to 248 Z-Scores from 4 chan-
nels. Add to Atlantis or Discovery 24 systems. Train 2, 4, or up
to 19 channels (coming soon) of BrainMaster Live Z-Score. 19
channel Real Time Z-Score currently available.
HOME NEUROFEEDBACK TRAINING Clinician controlled, website based.

May 19–23 Neurofeedback using Quantitative
Nov 11-15 QEEG and Bmans

w/Thomas and Linda Brownback

Jun 11–13 Using Live Z-Score Method with
Dec   3–5 Neurofeedback

(Clinical Perspective-Hands on)
w/Mark Smith/Collura

3401 Enterprise Parkway
Suite 340
800-447-8052 • 216-766-5707
Email: stsinc@pantek.com
www.stresstherapysolutions.com

*WORKSHOPS HELD IN CLEVELAND OH

DATES SUBJECT TO CHANGE W/O NOTICE

CALL OR EMAIL FOR CONFIRMATION AND INFORMATION

WATCH FOR OUR ONLINE LEARNING ACADEMY COMING SOON

Assessing and Training Brodmann Area
Functions with SKIL and BrainMaster
w/David A. Kaiser, Ph.D.

Slow Cortical and Phenotypes
w/Jay Gunkleman

workshop
events to be

scheduled

If you want to change your lif
e,

  Master your brain.

*Final field-testing  stage.



NOVA TECH EEG, INC
QEEG Hardware, Analysis Software, Report Service and Education  

¥ Distributor for Mitsar ampliÞers, WinEEG software and the Human Brain Indices (HBI) Database. 
¥Services include Reports utilizing the HBI database for task EEG and ERP with neurofeedback        
recommendations. 
¥ Education and training through our online classes in QEEG and ERP and our new Expert Series courses. 

*mention this ad and get a free gift with any purchase* www.NovaTechEEG.com ¥ info@NovaTechEEG.com ¥ 480.219.3048


