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KEYNOTE PRESENTATIONS
Assessment and Outpatient Treatment of
Addiction Using Neurofeedback and a
Functional Medicine Approach
Susan K. Blank
Atlanta Healing Center, Atlanta, Georgia, USA

The most common type of addiction treatment in the
United States today is based on the Minnesota
Model. This style of treatment relies on 12 Steps
principles and was developed over 60 years ago.
Despite a tremendous amount of research and new
evidence-based practices, very few treatment centers
incorporate innovations like neurofeedback.
In this session, we will look at and review several
cases studies from the Atlanta Healing Center that
illustrate important advances in treatment of the
chronic brain disease of addiction. We will focus on
the importance of making the proper diagnosis;
medication-assisted recovery; evaluating cooccurring psychiatric, cognitive, and pain conditions;
assessing the hormonal and nutritional status of
patients; and providing treatment modalities like
neurofeedback. Education of the family and patient
is important and connecting with recovery support is
essential for the patient to have the best possible
outcome in the management of this potentially lifethreatening disease.

The Effects and Mechanisms of Mindfulness
Meditation, Cognitive Therapy, and
Mindfulness-based Cognitive Therapy for
Chronic Low Back Pain
Melissa Day
School of Psychology, University of Queensland, St. Lucia,
Queensland, Australia

Chronic low back pain (CLBP) is a pervasive, costly,
and highly disabling condition. Research has shown
that CLBP is inadequately managed solely by
150 | www.neuroregulation.org

biomedical approaches alone.
Thus, current
guidelines put forth by the Centers for Disease
Control and Prevention in the U.S. recommend
nonpharmacological therapy as the first line approach
to chronic pain management. In this context, there is
evidence that Cognitive Therapy (CT) and
mindfulness meditation (MM) programs are beneficial
for a range of CLBP-related outcomes. Although not
previously tested for CLBP management, evidence in
other pain populations suggests that Mindfulnessbased Cognitive Therapy (MBCT)—which seamlessly
integrates CT and MM techniques—might also be
particularly well suited for improving pain, mood, and
function.
An expanding body of research is investigating the
potential neuromodulatory function of these
psychosocial pain treatments.
Although scarce
research has examined brain state-related changes
in the context of CT and MBCT for pain, within MM,
several studies in pain samples have used
electroencephalogram
(EEG)
at
preand
posttreatment to test the possible role of brain activity
changes in association with improved pain-related
outcomes. Results found MM was associated with
power increases primarily in the alpha band, and this
increase in alpha was suggested to play a key role in
the effects of MM on pain. It is not known, however,
if this potential neuromodulatory pathway is unique to
MM as delivered as an isolated technique, or if it
might also play a role in other similarly efficacious
treatments, such as CT and MBCT.
In this session I will present data from a recently
completed randomized controlled trial comparing MM
versus CT versus MBCT within a CLBP sample.
Treatment consisted of eight weekly, 2-hour groupdelivered sessions. EEG brain state data was
obtained at pre- and posttreatment, as was selfreported pain-related outcome measures of pain
interference, pain intensity, physical function, and
depression. I will present (1) the treatment-related
changes in the self-reported outcomes, (2) an
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analysis of change in brain activity across the three
treatments, and (3) how potential changes in brain
state are associated with changes in the self-reported
outcomes.

Is Addiction a Brain Disease? And Does It
Matter?
Marc Lewis
University of Toronto, Toronto, Ontario, Canada

Over the past 20 to 30 years, medical authorities have
come to define and explain addiction as a brain
disease. However, the domination of the disease
model skews the science of addiction, diverts
attention from key social-psychological factors, and
results in potentially harmful trends in policy and
clinical practice. In this talk I review the distortions
and omissions of the classic brain disease model and
point to problems in the treatment philosophy derived
from it. I then outline an alternative model of addiction
based on principles of learning and development.
This model views addiction as an entrenched habit for
regulating emotional needs, learned through the
repeated pursuit of highly motivating but short-lived
rewards.
Developmental-learning models of
addiction help explain individual differences in
vulnerability (and recovery) based on early emotional
difficulties and current psychological and social
resources.

INVITED PRESENTATIONS
The Central Brain Mechanisms of Pain and the
Neuromodulation Techniques for Addressing It
Dirk DeRidder
Dunedin School of Medicine, University of Otago, Dunedin, New
Zealand

Although chronic pain is one of the most important
medical problems facing society, there has been
limited progress in the development of novel
therapies for this condition. The key to more
successful pain treatment is to understand the
mechanisms that generate and maintain chronic pain.
Anatomically there exist at least two ascending pain
input pathways and one descending pain inhibitory
pathway.
One input pathway encodes the
painfulness, whereas the other pathway encodes the
suffering or emotional pain associated with the painful
stimulus. The pain inhibitory pathway probably
encodes the percentage of the time the pain is
dominantly present during the day. The anatomical
pathways can be visualized using functional MRI
meta-analyses, and LORETA EEG further shows that
151 | www.neuroregulation.org
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chronic pain is an imbalance between the ascending
and descending pain inhibitory pathways. This is
indeed confirmed both by activity, functional and
effective connectivity EEG analyses.
Nonpharmacological treatment for chronic pain using
spinal cord stimulation normalizes this imbalance,
supporting the concept that pain is truly a balance
disorder between pain input and pain suppression in
the brain, and causally related to this imbalance. Pain
thus is not merely the result of more pain input via the
spinal cord or brainstem.
This imbalance mechanism, also known as
thalamocortical dysrhythmia, might be universal in
view of the pathophysiological analogy between pain,
tinnitus, Parkinson’s disease, and major depression.
Furthermore, thalamocortical dysrhythmia and
reward deficiency syndrome (obesity, addiction,
ADHD, and personality disorders) may be two sides
of the same coin as suggested by EEG source
analyzed
conjunction
analyses
between
thalamocortical dysrhythmia and reward deficiency
syndromes. As such, this new conceptualization of
pain, Parkinson, tinnitus, depression, addiction,
ADHD, OCD, and personality disorders as
imbalances in the brain paves the way for
neuromodulation techniques such as transcranial
electrical stimulation and infraslow neurofeedback to
normalize this imbalance.

Integrating Mindfulness with Bio and
Neurofeedback
Inna Khazan
Harvard Medical School, Boston, Massachusetts, USA

Bio and neurofeedback are powerful treatment
modalities shown to be effective at alleviating
numerous
psychophysiological
conditions.
Biofeedback provides a way to work with challenging
conditions in cases for which other interventions have
been unsuccessful, such as chronic pain, anxiety,
headaches, and trauma.
At the same time,
bio/neurofeedback treatment itself can stall, leaving
the client and the therapist feeling frustrated and
unsure of how to proceed. These challenges include
situations when the client is highly anxious about his
or her physiological symptoms, feels pressure to “do
things right,” becomes easily overwhelmed with
emotional stimuli, or is simply too distracted to attend
to the computer screen for more than a few minutes
at a time. Oftentimes, these challenges are due to
the clients’ unhelpful efforts to control the
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fundamentally uncontrollable aspects of their internal
experience.
Mindfulness-based approach to bio/neurofeedback
can help people experience change through mindful,
nonjudgmental awareness and acceptance, providing
the therapist and the client a way to work with what
gets in the way of biofeedback success. In this talk
participants will learn how to apply mindfulnessbased skills to their biofeedback practice in order to
help their clients reap the benefits of biofeedback
without getting stuck in unproductive attempts to
control their internal experience.

Update on the Work Towards CPT Codes and
Third-Party Reimbursement
Mark Trullinger
NeuroThrive LLC, Parkville, Maryland, USA

ISNR, in partnership with AAPB and BCIA, have
taken significant strides in the past few years toward
pushing for insurance reimbursement.
This
presentation will provide a macro-level progress
report on the CPT coding workgroup trying to
modernize our codes, petitions for inclusion as a
recognized organization for AMA activities for CPT
coding
and
Relative
Value
Unit
(RVU)
determinations, and national-level efforts for
insurance reimbursement.

STUDENT AWARD PRESENTATIONS
– PLENARY SESSIONS
Tuning the Traumatized Brain: LORETA
Z-score Neurofeedback and Heart Rate
Variability Biofeedback for Chronic PTSD
Ashlie Bell
Saybrook University, Oakland, California, USA
NeuroGrove, Lakewood, Colorado, USA

Introduction. Neuroimaging studies have identified
numerous abnormalities within the default mode
(DMN), salience (SN), and central executive (CEN)
neural networks of those suffering from PTSD
(Lanius, Frewen, Tursich, Jetly, & McKinnon, 2015).
A systematic review of the literature revealed ten
studies (n = 213) that examined neurofeedback as a
method for altering these neural patterns and
alleviating PTSD symptoms (Foster & Thatcher,
2015; Gapen et al., 2016; Huang-Storms,
Bodenhamer-Davis, Davis, & Dunn, 2006; Kluetsch et
al., 2014; Paret et al., 2014; Peniston & Kulkosky,
1991; Peniston, Marrinan, Deming, & Kulkosky, 1993;
Pop-Jordanova & Zorcec, 2004; Smith, 2008; van der
152 | www.neuroregulation.org
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Kolk et al., 2016). These studies demonstrated
mostly medium to large improvements following a
variety of NF training modalities. Low-resolution
electromagnetic tomography analysis (LORETA) zscore neurofeedback (LZNF) is a newer modality that
is believed to produce more targeted and efficient
outcomes than traditional modalities; however, it has
not been adequately examined for the treatment of
PTSD. This study is the first to examine the
effectiveness of this modality using a controlled,
experimental design.
Method. The purpose of this research study was to
examine the effects of LZNF training, as compared to
heart rate variability biofeedback (HRVB) training, on
PTSD symptoms, autonomic regulation, and
brainwave activation patterns in adults with chronic
PTSD. Twenty-four participants were alternately
assigned to receive 15 sessions of either LZNF (n =
12) or HRVB (n = 12) training. HRVB was chosen as
an active control condition due to the ability to closely
match many conditions to the LZNF group (i.e., time
with trainer, resting state, body-computer interface,
similar audio/visual feedback, etc.) while providing an
ethical alternative for this sensitive population.
Psychophysiological measurements (i.e., 19-channel
EEG and HRV) were recorded before, during, and
after a single session of training as well as before and
after 15 training sessions.
Psychosocial
questionnaires were completed during the pre- and
postintervention assessments.
Results. The data for this study is still being analyzed
and thus results are not yet available; however, visual
examination of the data and symptom reports suggest
the results will be positive. The full results will be
analyzed and ready to present before this ISNR
conference. Paired and independent samples t-tests
and Cohen’s d effect sizes are being utilized to
examine both within- and between-group changes
after 1 and 15 sessions. Pre–post changes will be
analyzed for mean LORETA current source density
(CSD) z-scores of three neural networks (i.e., DMN,
SN, and CEN); HRV metrics (i.e., standard deviation
of NN intervals, root mean square of the successive
difference, low-frequency power); and total scores on
the PTSD Checklist for DMS-V and Beck Anxiety
Inventory. I have hypothesized that LZNF will
produce greater changes in LORETA CSD z-scores
and PTSD symptoms, while HRVB will produce
greater changes in HRV metrics.
Conclusion. This study is expected to provide
important,
preliminary
data
regarding
the
effectiveness of both LZNF and HRVB training on
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PTSD symptoms and HRV, as well as their differential
effects on each of the neural networks suspected to
underlie PTSD symptomology.
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Personalized EEG-Neurofeedback as a
Treatment for ADHD
Helene Brisebois1, Caroline Dupont2
1

Collège Montmorency, Laval, Quebec, Canada
University of Montreal, Montreal, Quebec, Canada

2
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Several neurophysiological subtypes based on
electroencephalographic (EEG) biomarkers have
been identified in attention-deficit/hyperactivity
disorder (ADHD; Johnstone, Gunkelman, & Lunt,
2005). However, most studies investigating the
efficacy of neurofeedback (NFB) as a treatment for
ADHD use uniform treatment protocols that are not
taking into account individual EEG biomarkers (Arns,
de Ridder, Strehl, Breteler, & Coenen, 2009). A
recent pilot study suggests that personalizing NFB
protocols to individual EEG biomarkers of ADHD
might lead to increased specificity and efficacy of
treatment (Arns, Drinkenburg, & Kenemans, 2012).
Hence, the objective of this presentation is to
investigate the effects of personalized EEG-NFB as a
treatment for ADHD. It will provide an overview of
personalized EEG-NFB protocols for ADHD and
introduce results from a pilot project that aimed to
integrate a neurofeedback clinic as part of the
services offering of the Office for Students with
Disabilities in a Canadian college. A hundred and
eight college students with a diagnosis of ADHD
received free personalized EEG-NFB twice a week
over a period of 4 months. Half of the participants
was randomly assigned to the experimental condition.
The other half was put on a waiting list to serve as a
control group and received treatment later. Restingstate EEG signals were recorded to evaluate overall
brain activity pre- and posttraining, and to determine
individual EEG-biomarkers for selection of
personalized treatment protocol. ADHD behavioral
symptoms were assessed pre- and posttraining using
the Conners’ Adult ADHD Rating Scale (CAARS-S:L),
the Integrated Visual and Auditory Continuous
Performance Test (IVA-2) and assessment of
executive functions.
A significant change was
observed in subjects trained in EEG-NFB, both in
brain activation patterns and at the behavioral level.
More specifically, normalization of targeted resting
brain waves was observed in the experimental group.
Results from this pilot project demonstrate the
feasibility of personalizing NFB protocols to individual
EEG biomarkers of ADHD and the efficacy of NFB as
a treatment for ADHD. On a broader level, this
presentation will allow for a better understanding of
the impact of neurofeedback training on neural and
behavioral correlates of ADHD.
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The Nonlinear Brain: Investigating Neural
Entrainment Using Missing Pulse Rhythms
Charles Wasserman, Yi Wei, Erika Skoe, Heather Read,
Edward Large
University of Connecticut, Mansfield, Connecticut, USA

Introduction. Many rhythm perception experiments
employ simple isochronous rhythms, in which
synchronous neural or behavioral responses are
observed (Bauer, Kreutz, & Herrmann, 2015; Repp,
2005a, 2005b). However, responses at the stimulus
frequency do not allow one to distinguish whether
synchrony occurs as a response to a common input
or as the result of an emergent population oscillation
that entrains at a particular frequency. It is possible
to create a rhythm with no spectral energy at the pulse
frequency by manipulating the number of events that
occur anti-phase (180°) versus in-phase (0°) with the
basic rhythmic cycle. Dynamical analysis predicts
neural oscillation will emerge at such a “missing”
pulse frequency (Large, 2010). Previous studies
have shown that subjects tap along to complex
rhythms at the missing pulse frequency (Large,
Herrera, & Velasco, 2015)—a finding that supports
the prediction, and responses at missing pulse
frequencies have been seen in auditory brain areas
using magnetoencephalography (MEG; Tal et al.,
2017).
Aims. This study aimed to investigate whether the
sensorimotor system, as measured by 32-channel
cortical EEG, would entrain to a complex rhythm at
the pulse frequency even when the complex rhythm
contained no spectral power at that frequency.
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frequency following response (FFR). Fast Fourier
Transform (FFT) of the Hilbert envelope showed
energy at the repetition frequency (2 Hz) for the
simple rhythm, but no spectral energy at the missing
pulse frequency (2 Hz) for the complex rhythms. EEG
responses to these stimuli were examined for
evidence of neural oscillations and power
modulations at the missing pulse frequency predicted
by dynamical analysis.
Results. We report evidence of responses in the
EEG to the pulse frequency of missing pulse rhythms.
We also note a differing topography of power at the
pulse frequency across the scalp for the complex
rhythms versus the simple and random rhythms.
Conclusions. These data support the theory that
rhythmic synchrony occurs as the result of an
emergent population oscillation that entrains at this
particular frequency. Additional analyses examined
whether the FFR to the F0 is modulated by whether
the stimuli are perceived as being on-beats or offbeats in the rhythmic context.
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Methods. The experiment utilized four different
rhythms of varying complexity (one simple, two
complex, and one random rhythm) created from 100
ms tones with a 200 Hz fundamental frequency (F0).
Offline the EEG was decomposed into the corticalsteady state response (SS-EP) and the subcortical
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STUDENT AWARD PRESENTATIONS
– POSTERS
Noninvasive Cranial Nerve Stimulation for
Human Cognitive Performance Enhancement
Taylor Hearn, Sarah Wyckoff, Stephen Helms Tillery,
William Tyler
Arizona State University, Tempe, Arizona, USA

Electrical stimulation of various cranial and spinal
nerves is a rapidly growing area of study.
Noninvasive approaches especially provide a safer,
less expensive alternative to the pharmacological
treatment of various psychological conditions.
Specifically, vagus nerve stimulation (VNS) has been
shown alleviate symptoms of major depressive
disorder, trigeminal nerve stimulation (TNS),
epilepsy, and cervical spinal nerve stimulation (CNS),
stress (Berry et al., 2013; DeGiorgio et al., 2013; Tyler
et al., 2015). These stimulation sites are all believed
to innervate the locus coeruleus-norepinephrine
system (Berry et al., 2013). Taking into account the
extensive role norepinephrine plays in various
executive functions, these stimulation techniques
should be able to affect executive functioning in
healthy subjects as well (Sara, 2009). As such, our
protocol seeks to elucidate the neuromodulatory
effects of noninvasive cranial nerve stimulation on
attention.
A passive auditory oddball task was selected to
measure attention. Subjects were instructed to listen
to a series of 100 ms tones followed by 500 ms of
silence. For each 600 ms trial, there was an 82%
chance the tone would be at 750 Hz and an 18%
chance it would be at 1,500 Hz. Tones were
presented until 150 tones at 1,500 Hz were
presented. Subjects were not required to physically
or consciously respond to either type of tone. This
task was created entirely with custom MATLAB
(Natick, MA) software.
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Electroencephalography
(EEG),
electrocardiography, galvanic skin response, respiratory
rate, and hand temperature were all utilized to assess
the physiological responses to stimulation.
Data collection is ongoing. EEG data will be
averaged across subjects for each stimulation
location and parameter set and presented as voltage
traces and spectrograms to examine effects in both
time and frequency domains. Physiological data will
be averaged similarly to EEG data.
Subjects'
subjective experiences will also be reported.
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The Effects of ALAY and High Beta Down-train
Neurofeedback for Patients Who Comorbid
with Major Depressive Disorder and Anxiety
Symptoms

San Yu Wang1, I-Mei Lin1, Yu-Che Tsai1, Cheng-Fang
Yen1, Yi-Chun Yeh1, Mei-Feng Huang1, Tai Ling Liu1,
Peng-Wei Wang1, Huang Chi Lin1, Yu Lee2, Nien-Mu
Chiu2, Chi-Fa Hung2
1

CNS, TNS, and VNS were all delivered using a
custom, current-controlled stimulator connected to
2.5 cm round Axelgaard PALS electrodes (Fallbrook,
CA). Stimulation trains were delivered for 10 min
between oddball tasks. Each train was symmetrically
biphasic, charge-balanced, and cathodic-first.
Subjects were randomly assigned to receive either
CNS, TNS, or VNS at 30, 300, or 3,000 Hz with pulse
durations of 50, 350, and 50 μs, respectively. After
all testing, subjects completed a subjective report
stimulation to describe the stimulation experience.
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Kaohsiung Medical University, Kaohsiung City, Taiwan, Taiwan
Kaohsiung Chang Gung Memorial Hospital, Kaohsiung City,
Taiwan, Taiwan
2

Background and Description. Previous studies
indicated that Frontal Alpha Asymmetry (FAA) and
parietal hyperactivity among patients who comorbid
with Major Depressive Disorder (MDD; Bruder et al.,
1997; Mathersul, Williams, Hopkinson, & Kemp,
2008) and high-level anxiety symptoms. The purpose
of this study was to examine the effects of alpha
asymmetry (ALAY) and high beta down-train (BETA)
neurofeedback protocols on emotional symptoms and
electroencephalogram (EEG) among patients with
MDD and anxiety symptoms.
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Methods. Patients with MDD were referred by
psychiatrists based on DSM-5 criteria, and with the
scores of Beck Depression Inventory II (BDI-II) and
Beck Anxiety Inventory (BAI) which were higher than
14 and 8. Eight-seven participants were assigned to
ALAY neurofeedback (ALAY group; n = 24), high beta
down-train neurofeedback (BETA group), and the
control group (n = 23). All participants received BDIII, BAI, and a 5-min resting EEG with eye-closed
measurement by using a 19-channel EEG cap with
BrainAvatar equipment (BrainMaster Technologies,
Inc., Bedford, Ohio) for pretest and posttest. The
EEG raw signals were analyzed to alpha power (8–
12 Hz) and high beta power (20–32 Hz), and then
calculated to the A1 score (log [F4 alpha] − log [F3
alpha]) and high beta at P3 and P4.
Both
neurofeedback groups received 60-min treatment,
twice a week, for 10 consecutive sessions by using
ProComp Infiniti (Thought Technology Ltd., Montreal,
Quebec, Canada). The goal of the ALAY group was
to increase the A1 score, while the BETA group was
to decrease high beta at P3 and P4.
Results. There was a significant decrease in the
symptoms of depression and anxiety in both the
ALAY group: F(1,23) = 26.07, p < .001; F(1,23) =
13.73, p = .001; and the BETA group: F(1,22) = 24.27,
p < .001; F(1,22) = 33.06, p < .001. Lower anxiety
level was also found in the posttest in ALAY and
BETA groups compared to the control group, F(2,67)
= 9.48, p < .001. However, lower level of depressive
symptoms at posttest was found only in the BETA
group compared to the control group, F(2 ,67) = 4.56,
p = .014. There was a significant decrease in P3 high
beta in the BETA group at posttest than that at
pretest, F(1,22) = 8.64, p = .008; while significant
increase in P3 high beta in the control group at
posttest than that at pretest, F(1,22) = 6.28, p = .020.
However, there was no significant interaction effect
which was found in A1 score, F3 total alpha, or F4
total alpha between the ALAY group and the control
group, F(1,44) = 0.91, p = .345; F(1,45) = 0.002, p =
.967; F(1,44) = 0.02, p = .882.
Conclusion. This study indicated that both ALAY
and BETA neurofeedback protocols significantly
decreased the symptoms of depression and anxiety
among the patients who comorbid with MDD and
high-level anxiety. Moreover, there was a significant
decrease in high beta activity at posterior region (P3)
which was found in high beta down-train
neurofeedback protocol.
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Lateralized Readiness Potentials in Children
with Autism Spectrum Disorder During Posner
Cueing Task: An Event-related EEG Study
Guela Sokhadze1,
Casanova2
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Background. Autism spectrum disorder (ASD) is a
developmental disorder characterized by social
communication deficits, and engagement in
restricted, stereotyped behaviors. An estimated 80%
of individuals with ASD also display dyspraxia
(Weimer, Schatz, Lincoln, Ballantyne, & Trauner,
2001; Dowell, Mahone, & Mostofsky, 2009), a
condition involving difficulties in motor coordination
and sequencing, as well as speech production.
However, it is unclear how the processing,
preparation, and execution phases of motor
movement are affected by dyspraxia in ASD. We
examined EEG activity and behavioral indices in
children diagnosed with ASD during performance of a
visuo-motor spatial attention task.
Methods.
Participants included 30 children
diagnosed with ASD (15.6 ± 3.8 years old, 8 girls),
and an age-matched control group of 30 typicallydeveloping children (TD; 15.7 ± 3.9 years old, 7 girls).
Subjects performed a modified Posner’s attentional
cueing task (Posner, 1980). In each trial, subjects
were initially presented a visual “cue” stimulus on left
or right side of the screen. After a 1- s delay, a “target”
stimulus appeared on the same (congruent, 80%) or
opposite (incongruent, 20%) side from the cue, and
subjects used a left- or right-handed button press to
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indicate the position of the target. In half of the trials,
a more complex diagonal stimulus presentation was
used. EEG data was collected for analysis of several
event-related potentials (ERPs), including the
lateralized readiness potential (LRP), a measurement
of asymmetric brain activity that reflects preparation
of contralateral limb movement (Eimer, 1998).

Weimer, A. K., Schatz, A. M., Lincoln, A., Ballantyne, A. O., &
Trauner, D. A. (2001). “Motor” impairment in Asperger
syndrome: Evidence for a deficit in propioception. Journal of
Developmental & Behavioral Pediatrics, 22(2), 92–101.
http://dx.doi.org/10.1097/00004703-200104000-00002

Results. Reaction time (RT) was lower for congruent
trials compared to incongruent trials for both ASD
(401 vs. 481 ms, p < .0001) and TD (339 vs. 374 ms,
p < .001). Across all four task conditions, ASD group
exhibited longer RTs and higher error rates compared
to TD (441 vs. 358 ms, p < .001; 7.4 vs. 0.8 errors, p
< .0001). Furthermore, increased task complexity
resulted in lengthened RT in ASD group (447 vs. 430
ms, p < .05), and in TD group (376 vs. 360 ms, p <
.01). While the amplitude the early (pretarget)
component of LRP was significantly higher in ASD
compared to TD (−0.95 vs. −0.23, p < .05), the late
component (posttarget) showed no group differences
(−0.53 vs. −0.50, n.s.). Moreover, analysis of ERPs
showed several differences between ASD and TD
groups, including frontal N100 amplitude, N100
latency, and N200 amplitude.

The Importance of Morphology and Montaging
in EEG

Discussion and Conclusions. Shorter RTs to
congruent trials in ASD and TD suggest that both
groups exhibited an attentional bias toward the cued
side. However, ASD group had higher RTs and lower
accuracy regardless of trial condition, indicating
poorer performance compared to TD. EEG analysis
demonstrated that ASD group exhibited differences in
the early ERPs and LRP, indicating differences at the
early cognitive phase of stimulus processing and
movement preparation rather that at the late motor
execution phase. A more in-depth understanding of
abnormalities in LRP and other ERPs during motor
task performance could shed light on the underlying
neuropathology of dyspraxia in autism and could
potentially serve as a useful biomarker for early
diagnosis.
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Reading the raw EEG is an artform that is essential
knowledge-base of any practitioner using EEG to
assess and diagnose their patients’ conditions.
Spindles,
triangular
shapes,
sinusoidal,
monomorphic, and archiform waveforms are just a
few telling morphological signs that are imperative in
understanding what is really going on. Does the
waveform wax and wane? Does it travel in spindles
or bursts? Does it appear only a few times in the
record? What if it is rhythmic? These temporal
dynamics are also imperative in a proper assessment
of the person. When looking at the raw waveform,
you will learn more than what any qEEG, alone, can
tell you.
Through exploring the more insidious forms of artifact
(i.e., electricity, channel noise, mixed metals, etc.) to
detecting less commonly seen morphological forms in
the EEG (i.e., lambda, mu, OIRDA, beta spindles,
etc.), this lecture will guide the clinician through some
of the more advanced ways of interpreting EEG so
that the qEEG does not mislead one into
misdiagnosis.
We are privileged to have many analysis and
diagnostic tools to help us dissect, spatially and
temporally analyze, condense, and summate the
EEG into neat and tidy diagrams, but we fail our
patients and our profession if we miss the devils in the
details.
Finally, montages are necessary to understand the
many ways in which we can assess and view the
EEG. There is no best montage for all purposes.
While linked ears can provide a global view, it is prone
to contamination if there is a strong temporal finding
or if there is contamination otherwise in the ear
electrodes.
Average and weighted average
montages (such as the Laplacian and Hjorth
montages), will highlight any local phenomena, and
will uncover any significant temporal component, but
will fail us to see global information.
Bipolar
montages are excellent for displaying phase
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reversals, which are indispensable in issues of head
injury and seizure focus.
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The Impact of Using Effective Connectivity
Measures (Granger Causality) in Guiding
Neurofeedback

NeuroRegulation

three groups. All subjects had their neurofeedback
protocols developed based on qEEG methods.
Group 1 was based on ICA and effective connectivity
Granger causality, and groups 2 and 3 were based on
correlational coherence measures. We used two
separate comparison groups, one served as a withingroup and the other a between-group comparison.
All subjects underwent between 12 and 15
neurofeedback sessions followed by another
assessment period. Dependent measures included
EEG comparisons of power and graph theory metrics
of effective connectivity. Clinical comparisons were
also made based on rating of progress to measure
their symptoms change over this period of time.
Preliminary data analysis has shown that all groups
show changes and gains from their neurofeedback
training, but that the group that had their protocols
based on effective connectivity measures showed
greater clinical and EEG changes. The implications
of these findings will be presented.
References
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Over the past several years, we have seen
advancements in the ways we assess coherence and
connectivity that provide great insights into brain
functioning (Coben, Mohammad-Rezazadeh, &
Cannon, 2014). This understanding has led to
approaching coherence in a multivariate fashion that
enhances its accuracy (Kuś, Kamińshi, & Blinowska,
2004). Multivariate autoregressive statistical tools
have become critical to this endeavor.
Such
techniques enable us to measure effective
connectivity in a source localized fashion such that
we can image reciprocal causality and influence. This
accuracy in depicting neural networks gets us closer
to the real signals in the brain. This led to an
enhancement in how we do neurofeedback training
which now uses four sensors and trains coherence in
a multivariate fashion (Coben, Middlebrooks,
Lightstone, & Corbell, 2018).
We have adopted a theory that states the more
accurate our assessment of connectivity and the
source of the activity then the more effective our
attempts at neurofeedback may be. In this pilot study
we evaluated the effects of basing our neurofeedback
(multivariate coherence training) protocols on
coherence measures as compared to multivariate
autoregressive effective connectivity that uses
sources to estimate reciprocal causality (see Friston,
Moran, & Seth, 2013). We sampled 45 subjects with
various presenting complaints and divided up into
158 | www.neuroregulation.org
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Trends in Scientific Research Reflect and
Predict the Clinical Relevance of (EEG)
Biomarkers
Andrè Keizer
qEEG-Pro, Eindhoven, Brabant, Netherlands

QEEG-guided neurofeedback is based on
interpreting abnormalities in the resting-state EEG in
relationship with psychopathology.
Setting up
effective neurofeedback treatment protocols relies on
the correct interpretation of individual qEEG profiles
in relationship with the symptoms of the patient.
Scientific studies have demonstrated associations
between certain deviations in resting-state EEG and
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specific psychological disorders. The most wellknown link is that of excess theta/beta ratio in relation
with ADHD (e.g., Arns, Conners, & Kraemer, 2013).
Recent approval of the FDA for an ADHD diagnostic
test based on excess theta/beta ratio illustrates that
this “EEG biomarker” is both meaningful and reliable.
Other markers for psychopathology include ”alpha
asymmetry” for depression (Thibodeau, Jorgensen, &
Kim, 2006) and excess beta power for anxiety and
insomnia (Pavlenko, Chernyi, & Goubkina, 2009;
Perlis, Merica, Smith & Giles, 2001). However, a
modern qEEG report will contain many different and
detailed analyses of an individual EEG. Moreover,
the number of analyses that can be performed on
EEG data has been increasing rapidly. Interpreting
the clinical relevance of these analyses for the
treatment of an individual patient depends on the
scientific studies demonstrating links between these
measures and the symptoms of the patient.
In the current presentation, the trends in qEEG
research will be discussed and an attempt will be
made to assess the relevance of different qEEG
analyses for clinical purposes using a systematic
analysis of the scientific literature.
The main
approach is to analyze the number of papers
published on a particular search term (reflecting a
certain EEG biomarker) per year. A secondary
approach is to analyze the number of citations per
year to seminal papers which describe a new EEG
biomarker.
Finally, comparisons with scientific
literature in different fields may provide useful
analogies. For example, the interpretation of an
individual blood test for cancer relies on scientific
research on the association between certain
biomarkers (e.g., certain proteins) and the presence
of a tumor. How did scientific research on these
”tumor markers” evolve and eventually lead up to the
use of tumor markers in clinical testing today, and
what can this tell us about the current state-of-the-art
and future clinical relevance of different EEG
analyses?
One hypothesis is that papers which demonstrate a
promising new biomarker will show a continuous
increase in citations per year when the biomarker can
be replicated and when it is useful as a diagnostic tool
in clinical practice. In contrast, when such a study
cannot be replicated it may show an initial increase of
citations, but the number of citations per year will
inevitably go down after this initial increase. In the
latter case, it can be concluded that the biomarker is
not useful in clinical practice. Analyzing trends in the
scientific literature to predict clinical relevance of
159 | www.neuroregulation.org
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potential EEG biomarkers is novel and relevant
approach which may have important implications for
the scientific and clinical field of qEEG and
neurofeedback.
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Understanding the Mysterious 40 Hz Brain
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Evidence from a wide variety of studies and authors
supports a new synthesis of understanding regarding
the 40 Hz brain scanning system and its role in
attention, understanding, learning, and creating
positive feelings as a reward for the effort. It is a basic
foundation for the individual’s survival, promoting
their effective responses to new discoveries and
situations. We have therefore named this brain
system Neureka! (short for Neural Eureka!). This
understanding builds upon Llinas’ discovery of the
“Event Binding Rhythm” (Llinas, Ribary, Contreras, &
Pedroarena,1998), which scans the cortical layers
from front to back 40 times a second and reports back
to its origin, the centrally located nuclei in the
thalamus, all of which we will review here.
These nuclei synthesize all this information and send
out modified 40 Hz scanning rhythms which look for
additional information to add to the understanding of
a particular new event. This looping information
exchange continues until the event is evaluated and
a response is created. Salient events are stored in
short-term memory, particularly in the prefrontal
cortex (PFC). Short-term memory is then converted
to longer term memory, particularly if dopamine,
norepinephrine, and/or other neuromodulators are
released. There is evidence that both of these
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neuromodulators are released in the PFC, particularly
near FPz. Dopamine also creates a variety of positive
feelings when it is released there.
We will review several lines of evidence about the
Neureka! brain system from fMRI and other scans
(Knutson, Fong, Bennett, Adams, & Hommer, 2003),
and complement them with our EEG studies based on
the Neureka! measurement, which selectively
clarifies this particular 40 Hz rhythm and separates it
from the other 40 Hz activity passing through more
peripheral parts of the thalamus.
These studies show that neurofeedback training of
Neureka! enhances memory and happiness (for at
least four months) and decreases depressed feelings.
It
also
improves
memory
and
attention
measurements (Sokhadze & Daniels, 2016).
Previous studies (Cowan & Albers, 2011; Cowan &
Starman, 2017; Rubik, 2011) demonstrate clear
relationships between increases in Neureka!
amplitude and love, happiness, satisfaction,
gratitude, and appreciation. We will review studies
where neurofeedback training using the Neureka!
measure (Sokhadze, 2012) was used to improve
behavioral symptoms in children with autism (Wang
et al., 2016). Furthermore, the 40 Hz rhythm was
used to distinguish the emotional reaction to drug and
stress cues of substance abusers from those with
comorbid PTSD (Sokhadze et al., 2009).
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Gender Differences in Quantitative EEG
Volumetric Analysis Shortly After Sport
Concussion Injury in High School Athletes
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Introduction. We have previously reported changes
in sLORETA quantitative analysis shortly after acute
sport-related concussion injury in high school
athletes, which persist after clinical recovery
(Kerasidis & Ims, 2017). We have also reported the
effects of neurofeedback on these changes during the
acute recovery period (Ims & Kerasidis, 2018).
Studies have identified gender differences in the
incidence, severity, and recovery time from sport
concussion injury, all increased in females (Cantu,
2010; Hamson-Utley et al., 2013; Miyashita,
Diakogeorgiou, & VanderVegt, 2016; Mollayeva, ElKhechen-Richandi, & Colantonio, 2018; Tanveer,
Zecavati, Delasobera, & Oyegbile, 2017). The
objective of this investigation is to explore gender
differences in volumetric qEEG analysis after sport
concussion injury in high school athletes.
Methods. Standard electroencephalograms (EEGs)
were analyzed in 40 high school athletes (20 males)
shortly after concussion injury using sLORETA
imaging compared to a normative database
(NYU/BrainDx). Peak Z-score variation (PZV), and
percentage of volume of grey matter activity that fell
outside Z = −2.5 to 2.5 (PIGMV for increased activity,
PRGMV for reduced) were calculated for each of five
EEG frequency bands.
Results.
PZV
was
increased
in
the
Delta/Theta/Alpha in both genders with no statistical
gender difference (M/F averages: 3.82/3.16,
2.73/2.72, 2.52/2.72, respectively, p > .05); Beta in
females, not males, Beta-Gamma in males and
females which was significantly increased in females
(M/F averages: 1.75/2.88, 3.64/5.02 respectively, p <
.01). PZV was decreased in Beta in males, not
females (M/F averages: −2.83/−2.18, p < .05). There
was a significant difference in reduced Beta-Gamma

Vol. 5(4):150–174 2018

doi:10.15540/nr.5.4.150

International Society for Neurofeedback and Research

activity (M/F averages: −1.11/−0.49, p = .01). Greater
than 1% grey matter volume of PIGMV was seen in
Delta/Theta/Alpha/Beta and Beta-Gamma activity
with no gender difference (M/F averages:
20.94/11.71, 5.87/7.38, 5.62/7.93, 4.09/9.22, p > .05).
There was a significant difference in PIGMV in BetaGamma (M/F averages: 31.94/60.04, p = .01).
Greater than 1% PRGMV in Alpha/Beta in both
genders and Theta activity in females, not males.
Conclusions. Slower frequency (Delta, Theta, and
Alpha) abnormal variations show no statistical gender
differences. In the faster frequency bands (Beta and
Beta-Gamma), females demonstrate a larger
variation from the norm and larger percent grey
matter volume affected by increased Beta and BetaGamma activity. Males, not females, exhibit a
deficiency in Beta activity after concussion. Further
research to correlate these electrophysiologic
changes with symptom severity and recovery time is
needed.
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Social, Spiritual, Psychological, and
Physiological Predictors of Well-being of
Military Veterans: A Pilot Study of a Viable,
Holistic, and Predictive Model of Well-being
Manuel Halter
United States Special Operations Command (USSOCOM),
Tampa, Florida, USA

Military leaders are striving to identify and implement
innovative and necessary solutions to enhance or
optimize military members’ well-being, with the
ultimate goal of improving the short- and long-term
well-being of warriors and their families. This study
tested the viability of a holistic model of well-being
that was developed as a screening instrument. A
secondary goal is to mitigate the detrimental effects
of the high operational tempo and the extreme
pressures faced by active duty military veteran
community. Therefore, to be adequate the model had
to be predictive of well-being to serve as such a
baselining and monitoring tool. This new model
involves a holistic, systems approach, integrating four
key life domains that were hypothesized to impact
overall well-being: human, psychological, social, and
spiritual performance.
These domains are
interconnected and work together via situational,
dispositional, and intentional variables to produce
well-being, or the lack thereof (Howell, Kern, &
Lyubomirsky, 2007). To test the viability and utility of
this model, a stepwise multiple regression analysis
was conducted on archival data of 117 military
veterans. Based on the literature of, and the shared
nomological network between, well-being (e.g.,
Howell et al., 2007), PsyCap (e.g., Avey, 2014;
Lorenz, Beer, Pütz, & Heinitz, 2016), social isolation
or connectedness (e.g., Kent, Hawthorne, Kjaer,
Manniche, & Albert, 2015), spiritual intelligence (e.g.,
Faraji, & Begzadeh, 2017), psychological and
cognitive performance (e.g., Del Brutto et al., 2015;
Lathan, Spira, Bleiberg, Vice, & Tsao, 2013), as well
as heart rate variability (HRV; e.g., Fatisson, Oswald,
&
Lalonde,
2016)
and
quantitative
electroencephalogram
(qEEG)
metrics
(e.g.,
Thatcher, North, Biver, & Zhou, 2017), it was
hypothesized that human performance (Brain
Function Index or BFI [qEEG] and SDNN [HRV]),
psychological performance (DASS-21 composite
score), social performance (Friendship Scale
composite score), and spiritual performance (SISRI24 composite score) would significantly predict wellbeing (Psychological Capital or PsyCap composite
score). This set of predictors is hypothesized to
account for a significant proportion of the well-being
or PsyCap variance (i.e., CPC-12 composite scores;
PsyCap).
Furthermore, each predictor is
hypothesized to explain a unique and significant
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proportion of the PsyCap variance. The expected
results would suggest that the positive core construct
of PsyCap can be predicted using self-report
measures addressing each domain, combined with
functional measures (i.e., BFI and SDNN) and
cognitive
performance
assessment
outcome
measures
(i.e.,
Defense
Automated
Neuropsychological
Assessment
[DANA]).
Moreover, such findings would support a viable model
of well-being, which military leaders can use to
baseline and monitor its members.
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Altered States NeuroMeditation: Current
Approaches, Preliminary Findings, and Future
Applications
Jeff Tarrant
NeuroMeditation Institute LLC, Corvallis, Oregon, USA

Using neurofeedback and other technologies to
achieve altered states of consciousness has its roots
in the early development of the field of
neurofeedback.
In fact, some of the initial
neurofeedback protocols were designed to replicate
many of the effects commonly experienced during a
meditative state (Crane, 2007; Trudeau, 2016).
Having observed that the practice of meditation often
led to an increase in alpha power or increased theta
activity crossing over alpha, these two approaches
became
the
foundation
of
Deep
States
NeuroMeditation protocols, essentially attempting to
facilitate elements of an altered state (Tarrant, 2017).
This work and these protocols are powerful and have
been associated with impressive results with difficult
clinical populations including alcoholics and those
suffering with PTSD. Recent explorations into the
study of consciousness has led to some new
approaches and protocols for assisting clients into
achieving altered states for the purposes of
psychological and emotional healing.
This presentation will present a new and novel
approach to achieving altered states with
neurofeedback by replicating brain-based research
on psychedelic therapies. Current research with
psilocybin, LSD, DMT, and other psychedelics have
all shown tremendous potential in treating a wide
range of mental health disorders. It is believed that
these impacts are due, at least in part, to the way they
alter perception and the dysfunctional creation of a
self-identity (Carhart-Harris et al., 2012). Based on
this emerging field, certain brain patterns and brain
regions have revealed themselves as important in
these transformative experiences. By targeting these
brain patterns through neurofeedback, in conjunction
with additional strategies, we may be on the cusp of
a brand-new approach to the use of neurofeedback.
In this presentation, we will share preliminary
research showing how these altered states can be
facilitated using neurofeedback. We will explore
approaches, indications and contraindications as well
as a variety of adjunctive aids, including
vibroacoustics, evocative music, and visual
entrainment.
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Cognitive and Psychophysiological Test
Operations as Assessment Tool for
Neurofeedback Clinicians: A Pilot Study on Its
Preliminary Normative Data and Validity
Thomas Feiner1, Maria Juan2, Ruben Perez2
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Neurofeedback is a paradigm in which individuals are
trained to modulate their electroencephalogram
(EEG) by providing them feedback about the targeted
EEG component to treat symptoms and disorders
associated to the neuronal condition. Neurofeedback
shows effects on both the alleviation of symptoms
and also changes in cognitive performance as an
appreciated side effect or as bringing up the
desired/expected ability like improved continuous
attention, focus, and impulse control. For example,
training the alpha band frequency has been
associated with improved attentional control and
working memory. Investigating attentional control is
typically done with tasks such as the Stroop task, in
which a color word is shown in a font color that is
different (incongruent) than what the word represents
and the participant is asked to name only the font
color. Tests have shown that there is often a
remarkable decrease in response time (delay) and an
increase of accuracy from pre- to postneurofeedback
sessions. In general, the Stroop test could be used
to mark objectively success of neurofeedback over
time. The problem is that that clinicians complain
about the time which is spent to administer the Stroop
test, which makes it interesting for research but not
for clinical praxis.
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The purpose of this study was to obtain normative
data of a battery of informatized tests from the
software Cognitive and Psychophysiological Test
Operations (CAPITO) and its comparation with
classical neuropsychological tests in order to assure
construct validity with the goal to create a test which
is suitable for use by primary care medical staff,
psychologists, and neuropsychologists, since it can
be administered in just 10 minutes.
We administered a battery of informatized tests
(Stroop, simple reaction time, sustained attention,
shifting attention) to 120 subjects who are cognitively
normal and range in age from 18 to 65 years, of whom
26 randomly selected subjects also scored in
classical tests in order to check battery validity
(confidence level of 90%, sampling margin of error
15%). In the case of subjects receiving both
modalities (informatized and classical testing) the
order of application was balanced, in order to avoid
application order bias. Statistics of each test scores
were calculated and comparisons between
informatized and classical tests were conducted.
Normative data were collected for CAPITO battery
and positive correlations with classical tests were
found. No effects were found for age and sex in either
test. Educational level impacted the Stroop test
variables but not the other tests.
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Training Blood Flow: nHEG Utilization for
Specific qEEG Phenotypes in ASD
Adrian Van Deusen1, 2, David Cantor3
1
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Mind and Motion Developmental Centers, Suwanee, Georgia,
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The spectrum of autistic disorders is among the most
heterogeneous, both in regard to electrophysiology
and to metabolism.
Specific to brain
electrophysiology, research points to multiple noted
outlying quantitative EEG features; consistent with
the heterogeneity of the symptoms of this disorder.
That variation of noted phenomenon has led to
various EEG neurofeedback training strategies over
the past two decades. Many of these strategies have
undergone clinical research and, while encouraging,
have presented similarly heterogeneous outcomes. It
is still an active discussion with regard to which
symptom features of ASD are specific to which
neurofeedback protocols. Furthermore, protocols
that address frontal pole delta or frontotemporal and
temporal beta in low-functioning patients are
challenging as these features are often confounded
by muscle artifact and eye movement during training.
In this presentation, we propose an alternative
neurofeedback training protocol that can be used to
improve particularly the frontal and temporal region
dysfunctions that play a role in regulating attention
and response control, and that is nearly impervious to
the contamination of eye movement or muscle
tension. One of the systemic dysregularities noted in
the ASD population is a variety of metabolic
imbalances which we argue can be presented as
diffuse, low absolute power measures spanning two
or more frequency bands in the qEEG. The specific
physiological mechanism for this phenotypic pattern
is not yet well understood but one rationale is that as
a result of underlying metabolic dysregulation,
oxygen perfusion is reduced resulting in reduced cell
energy and subsequent low power.
With this
supposition, the authors have been using a nHEG
(Toomim) training protocol since 2011. We have
selected from 50 of the qualifying clinical nHEG
training cases run in 2016 and 2017. The multicase
study reveals significant improvement in the qEEG
features from baseline to subsequent evaluations
following approximately 10 hours of treatment. These
results are compared to a protocol of neurofeedback
therapy that trains to increase absolute power by
rewarding EEG absolute power parameters alone.
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Applied Innovation in Clinical Practice
— Let's Go Beyond Neurofeedback
Amy Serin
Serin Center, Peoria, Arizona, USA

Many neurofeedback practitioners utilize multiple
modalities in practice to enhance the effects of
neurofeedback.
Adjunct therapies such as
counseling, transcranial direct current stimulation
(tCDS), heart rate variability training, and
biofeedback, among others, to improve patient
outcomes. Two methodologies, bilateral alternating
stimulation in tactile form (BLAST) and cranial
electrical stimulation (CES) also show promise in
altering electrical activity in key networks associated
with stress (Feusner et al., 2012; Serin, Hageman, &
Kade, 2018) and can be used in conjunction with
traditional neurofeedback. However, many clinicians
do not have a model for how to apply these modalities
in practice, nor have they reviewed the emerging data
on the modalities. Beta EEG rhythm has been found
to correlate to high situational and personal anxiety
(Pavlenko, Chernyi, & Goubkina, 2009) and BLAST
has been found to significantly reduce beta activity,
subjective distress and physiological body sensations
in response to thinking about a stressful event (Serin
et al., 2018) by possibly depotentiating amygdala
activity (Harper, Rasolkhani-Kalhorn, & Drozd, 2009)
which is responsible activating the body’s stress
response (Ehrlich et al., 2009). The use of CES may
result in cortical deactivation, may alter brain activity
in the default mode network (DMN), and may create
significant changes in intrinsic connectivity networks
(Feusner et al., 2013). The body of literature is
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growing with regard to these two methodologies, and
clinicians can utilize them in conjunction with
traditional neurofeedback to achieve specific
outcomes in treatment with patients with anxiety,
insomnia, depression, and varied diagnoses. A
review of clinical data, biometric data, EEG findings,
and other research will be presented, along with
guidelines for clinical use of the modalities and a
system and structure for incorporation into clinical
practice. Discussion of how to combine these
modalities will also be summarized to advance the
field of applied neurofeedback.
References
Busscher, B., Spinhoven, P., van Gerwen, L. J., & de Geus, E. J.
C. (2013). Anxiety sensitivity moderates the relationship of
changes in physiological arousal with flight anxiety during in
vivo exposure therapy. Behaviour Research and Therapy,
51(2), 98–105. http://dx.doi.org/10.1016/j.brat.2012.10.009
Ehrlich, I., Humeau, Y., Grenier, F., Ciocchi, S., Herry, C., & Lüthi,
A. (2009). Amygdala inhibitory circuits and the control of fear
memory. Neuron, 62(6), 757–771. http://dx.doi.org/10.1016
/j.neuron.2009.05.026
Feusner, J. D., Madsen, S., Moody, T. D., Bohon, C., Hembacher,
E., Bookheimer, S. Y., & Bystritsky, A. (2012). Effects of cranial
electrotherapy stimulation on resting state brain activity. Brain
and
Behavior,
2(3),
211–220.
http://dx.doi.org
/10.1002/brb3.45
Harper, M. L., Rasolkhani-Kalhorn, T., & Drozd, J. F. (2009). On
the neural basis of EMDR therapy: Insights from qEEG studies.
Traumatology,
15(2),
81–95.
http://dx.doi.org/10.1177
/1534765609338498
Lande, R. G., & Gragnani, C. (2013). Efficacy of cranial electric
stimulation for the treatment of insomnia: A randomized pilot
study. Complementary Therapies in Medicine, 21(1), 8–13.
http://dx.doi.org/10.1016/j.ctim.2012.11.007
Pavlenko, V. B., Chernyi, S. V., & Goubkina, D. G. (2009). EEG
correlates of anxiety and emotional stability in adult healthy
subjects. Neurophysiology, 41(5), 337–345. http://dx.doi.org
/10.1007/s11062-010-9111-2
Serin, A., Hageman, N. S., & Kade, E. (2018). The therapeutic
effect of bilateral alternating stimulation tactile form technology
on the stress response. Journal of Biotechnology and
Biomedical
Science,
1(2),
42–47.
http://dx.doi.org
/10.14302/issn.2576-6694.jbbs-18-1887

various medical conditions (Felitti et al., 1998).
Common domains of impairment observed by
children exposed to developmental trauma are
multifaceted, consisting of self-concept, attachment,
behavioral regulation, affect regulation, dissociation,
and biology (Cook et al., 2017). Neuroimaging
studies of this population have revealed structural
changes in the brain, such as reduced development
of the hippocampus, amygdala, corpus callosum, and
left neocortex (Teicher et al., 2003). Overall, there
are a paucity of neurofeedback studies on
developmental trauma. A small handful of projects
have focused on power training (van der Kolk et al.,
2016), some of which have been qEEG based
(Huang-Storms, Bodenhamer-Davis, Davis, & Dunn,
2006).
We are conducting a study on participants with a
history of developmental trauma who underwent
neurofeedback training.
We hypothesize that
subjects who undergo neurofeedback training will
show significantly decreased levels of mood and
trauma-related symptoms compared to controls.
Based on the findings of Armes and Coben (2017),
we hypothesize that changes in connectivity will be
related to success in neurofeedback and reduction of
symptoms. Our study consists of 40 participants who
were randomly assigned to a four-channel
multivariate coherence training group or a control
group who received an alternative treatment with no
neurofeedback training.
Dependent variables
included the Beck Depression Inventory-II, Beck
Anxiety Inventory, Trauma Symptom Inventory-II, as
well as power and graph theory connectivity metrics
based on qEEG findings. These measures were all
administered at time 1 and time 2 with an intervening
period of neurofeedback training.
Preliminary
findings show enhancements in coherence metrics
are associated with decreased depression, anxiety,
and trauma-related symptoms.
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Developmental trauma is a major public health
concern that has generated increased interest from
researchers over the past few decades. The Adverse
Childhood Experiences (ACE) study revealed
correlational relationships between traumatic
childhood experiences and an array of outcomes after
several years, which included depression, substance
abuse, domestic violence, suicide attempts, and
165 | www.neuroregulation.org

NeuroRegulation

Armes, C. A., & Coben, R. (2017, September). Impact of
developmental trauma on brain function and connectivity.
Presented at the International Society of Neurofeedback and
Research 25th Annual Conference, Foxwoods, CT.
Cook, A., Spinazzola, J., Ford, J., Lanktree, C., Blaustein, M.,
Cloitre, M., … van der Kolk, B. (2005). Complex trauma in
children and adolescents. Psychiatric Annals, 35(5), 390–398.
Felitti, V. J., Anda, R. F., Nordenberg, D., Williamson, D. F., Spitz,
A. M., Edwards, V., ... Marks, J. S. (1998). Relationship of
childhood abuse and household dysfunction to many of the
leading causes of death in adults: The Adverse Childhood
Experiences (ACE) Study. American Journal of Preventive
Medicine, 14(4), 245–258. http://dx.doi.org/10.1016/S07493797(98)00017-8
Huang-Storms, L., Bodenhamer-Davis, E., Davis, R., & Dunn, J.
(2006). QEEG-guided neurofeedback for children with histories

Vol. 5(4):150–174 2018

doi:10.15540/nr.5.4.150

International Society for Neurofeedback and Research

of abuse and neglect: Neurodevelopmental rationale and pilot
study.
Journal
of
Neurotherapy,
10(4),
3–16.
http://dx.doi.org/10.1300/J184v10n04_02
Teicher, M. H., Andersen, S. L., Polcari, A., Anderson, C. M.,
Navalta, C. P., & Kim, D. M. (2003). The neurobiological
consequences of early stress and childhood maltreatment.
Neuroscience & Biobehavioral Reviews, 27(1), 33–44.
http://dx.doi.org/10.1016/S0149-7634(03)00007-1
van der Kolk, B. A., Hodgdon, H., Gapen, M., Musicaro, R., Suvak,
M. K., Hamlin, E., & Spinazzola, J. (2016). A randomized
controlled study of neurofeedback for chronic PTSD. PLoS
ONE
11(12),
e0166752.
http://dx.doi.org
/10.1371/journal.pone.0166752

The Effect of Infraslow Frequency
Neurofeedback on Quantitative
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Background. Over the last decade it has been
observed in clinical practice that Infraslow Frequency
(ISF) training shifts clients in physiological state
during training. Peripheral body temperature, pupil
size, and breathing rate are a few examples of
autonomic nervous system (ANS) responses
regularly observed during ISF neurofeedback
training.
ISF electroencephalographic (EEG)
biofeedback focuses on the low energy signals
produced by the brain. This includes frequencies of
less than 0.1 Hz (Smith, Collura, Ferrera, & de Vries,
2014).
Evidence suggests that these slow
oscillations play a role in synchronizing faster activity
and modulates cortical excitability (Bazhenov &
Timofeev, 2006).
The origins of these slow
oscillations are not yet well understood but studies
have indicated the involvement of the thalamus and
other subcortical structures (Lörincz, Geall, Bao,
Crunelli, & Hughes, 2009). The ANS is an important
role
player
in
maintaining
sympathetic–
parasympathetic and cardiovascular homeostasis. It
includes vagal cholinergic and sympathetic
noradrenergic nerves that supply the heart and
sympathetic noradrenergic nerves that enmesh
arterioles. Therefore, clinicians and researchers
have long sought valid, noninvasive, quantitative
means to identify patho-physiologically relevant
abnormalities of these systems (Goldstein, Bentho,
Park, & Sharabi, 2011). Heart Rate Variability (HRV)
is one of the most well-known means of
measurement. There is increasing research pointing
to the clinical application of HRV in training and
exercise due to its apparent result in strengthening
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sympathetic–parasympathetic
balance
(Peper,
Harvey, Lin, Tylova, & Moss, 2007). Achieving an
increased HRV while doing ISF training should be a
good indicator of firstly reaching clients Optimum
Frequency (OF) and secondly achieving a
sympathetic–parasympathetic
balance
(Camp,
Remus, Kalburgi, Porterfield, & Johnson, 2012;
Collura, 2014). This study hypothesizes that ISF
training has a measurable physiological effect on an
individual by measuring certain autonomic functions;
namely, HRV, muscle tension, skin temperature, skin
conductance, heart rate, respiration rate, and blood
pressure. Also, to demonstrate how ISF training
impacts the resting state EEG.
Methods. Thirty adults between the ages of 18 and
55 with primarily anxiety will receive a quantitative
electroencephalogram (qEEG) to get a baseline
before training. The participants will then receive ISF
neurofeedback training for 10 sessions while
continuous monitoring of ANS changes will be done
to determine if there are measurable changes. After
10 sessions we will repeat a qEEG to determine what
changes occurred. The same process will be
completed for a control group. The control group will
receive one-channel power training where Theta and
Hibeta activity will be inhibited at 3–7 Hz and 22–30
Hz respectively and Lobeta 12–15 Hz activity
enhanced at the C4 location on the head.
Anticipated results. Preliminary results and a pilot
study conducted show significant changes that have
been observed in participants trained in ISF
neurofeedback, both in the activation patterns when
looking at the qEEG and the autonomic functions that
were measured. No significant changes have been
seen thus far in the control group.
Conclusion. The study will possibly demonstrate
that autonomic functions are affected by ISF
neurofeedback training and that changes occur in the
resting state EEG of participants trained.
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The Human Compassion Circuit
Larry Stevens
Northern Arizona University, Flagstaff, Arizona, USA

Compassion has been one of the most cherished,
acclaimed, practiced, and pursued of human virtues
for literally thousands of years—and a foremost part
of nearly all organized religions and spiritual quests.
Despite its lofty and celebrated status, tragically there
are far too many examples in human history of “the
far enemy” of Compassion, Cruelty. For a species so
enamored with this cherished human virtue, how are
we so able to engage in cruel acts? Perhaps the
answer, in part, to this critical social question lies in
our neurological makeup; perhaps there are
specialized structures in our brains that are hardwired
for the experience of Compassion, and structures that
are similarly hardwired for our expression of Cruelty.
This presentation reports on a recent literature
review, analysis, and integration by the author of a
growing body of compassion research, detailed in his
chapter entitled, “The Brain that Longs to Care for
Others: The Current Neuroscience of Compassion” in
his soon-to-be-released academic textbook The
Neuroscience of Empathy, Compassion, and SelfCompassion (Elsevier/ Academic Press, June 2018).
This review suggests that such hardwired circuits do
indeed exist in each of our brains. A follow-up
research investigation by the author was designed to
begin the answer to the question above and to more
clearly and with greater certainty identify these
circuits.
This presentation will thus clarify the temporal and
spatial characteristics of a neurological circuit in the
human brain identified with the experience of
Compassion.
The hypothesis of the reported
research investigation is that participants will respond
167 | www.neuroregulation.org
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to careworthy and to blameworthy compassion
scenarios with a specified differential, sequential
(temporal) spatial circuit involving (1) an affective
amygdala (AMG), anterior insular cortex (AIC), and
anterior cingulate cortex (ACC) sub-circuit; (2) motor
intentional mirroring structures in the Mirror Neuron
System of the premotor cortex (PMC) and inferior
parietal lobe (IPL); (3) cognitive regulatory subcircuits
in the dorsolateral prefrontal cortex (dlPFC),
ventrolateral PFC (vlPFC), dorsomedial PFC
(dmPFC), and posterior temporal cortex (PTC); and
then (4) simultaneous with the PFC subcircuits
above, self–other differentiation Theory of Mind
(ToM) subcircuits in the bilateral temporal parietal
junction (TPJ), precuneus (PCun), and dmPFC.
These temporal and spatial pathways are identified
by
continuous
electroencephalograph
(EEG)
recordings and during subsequent power spectral
and LORETA neuroimaging analyses following the
participant’s experiencing of specific, visuallypresented compassion scenarios.
Exciting
Neurotherapy, TMS, Meditation, and Psychotherapy
protocols are explored as ways of increasing
Compassion in human beings, perhaps even as
alternatives to one of the cruelest of compassion "far
enemies," torture.
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Background and Description. Previous study
indicated that Frontal Alpha Asymmetry (FAA) is a
biomarker for patients with Major Depressive
Disorder (MDD; Davidson, 1998). Asymmetry scores
(A1) were calculated from log-transformed of alpha
power (8–12 Hz), log (F4) − log (F3). Some studies
based on theoretical of FAA and applied alpha
asymmetry neurofeedback (ALAY) showed some
improvement in the depressive symptoms. However,
the changes of electroencephalography (EEG)
parameters were inconsistent (Baehr, Rosenfeld, &
Baehr, 2001; Cheon, Koo, & Choi, 2016; Choi et al.,
2011; Wang et al., 2016). This study hypothesized
the differences on EEG patterns between participants
with FAA (A1−) and without FAA (A1+) among the
healthy controls and patients with MDD; as well as the
effect of ALAY neurofeedback on A1 score between
the A1(−) group or the A1(+) group among patients
with MDD.
Method. Study 1: The participants were composed
of 127 patients with MDD (72 in the A1+ group; 55 in
the A1− group) and 129 healthy controls (87 in the
A1+ group; 42 in the A1− group). Beck Depression
Inventory-II was administered, and a 19-channel EEG
cap with BrainAvatar (BrainMaster, Bedford, Ohio)
has collected EEG raw signals at F3 and F4 and
transformed to absolute alpha power (8–12 Hz), and
then calculated alpha asymmetry score (A1). Study
2: A total of 48 patients with MDD were assigned to
the ALAY neurofeedback groups (A1+, n = 11; A1−,
n = 13) and the control groups (A1+, n = 10; A1−, n =
12) based on their A1 score at pretest. The ALAY
neurofeedback groups received 60 min, twice a week
for 10 consecutive sessions of neurofeedback that
was assisted by BioGraphy Infiniti 6.0 (Thought
Technology, Quebec, Canada).
The goal of
neurofeedback was to increase A1 score with the
visual and the auditory feedback. The control group
received the normal treatment as usual. All of the
participants underwent pretest and posttest
measurement which included the performance on
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psychological questionnaires and EEG, which
included the F3 alpha, F4 alpha, and A1 score.
Results. For EEG patterns, there was higher alpha
power in the left prefrontal lobe (F3) in the A1(−)
group compared to A1(+) group in the healthy
controls; as well as lower alpha power in the right
prefrontal lobe (F4) in the A1(−) group compared to
A1(+) group in patients with MDD. Regarding the
effect of ALAY neurofeedback, the ALAY A1(−) group
significantly increased the A1 score at posttest than
the pretest. However, ALAY A1(+) group did not
show significant improvements, as well as two MDD
controls (A1+ and A1−). Both neurofeedback groups
(ALAY A1− and ALAY A1+) significantly decreased
the depression total score and cognitive depression,
and ALAY A1(−) also decreased the anxiety score.
Conclusion. The high alpha power in the left
prefrontal lobe in the healthy controls, and low alpha
power in the right prefrontal lobe in the MDD group,
were found in participants who had FAA. The
neurofeedback therefore was beneficial for patients
with FAA in decreasing depressive symptoms and
increasing the A1 score.
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Background. For decades EEG neurofeedback has
been the only method of self-regulation of brain
activity in mental disorders. Current developments in
fMRI technology made possible neuroimaging
neurofeedback targeted to a well-defined cerebral
area. Implementations of the technology aimed to
enhance subjects’ control of the activity of brain
structures involved in emotion regulation were
successful both in healthy volunteers (Johnston et al.,
2011) and in patients with major depression
(Hamilton et al., 2016; Linden et al., 2012; Young et
al., 2017).
Objectives. The aim of our study was to examine
effects of the real-time fMRI neurofeedback as a
treatment arm for mild to severe depression. Alphaasymmetry neurofeedback and cognitive-behavioral
therapy (CBT) served as control treatment arms.
Methods. Thirty subjects (10 males, 20 females,
aged 20–50, mean age of 33) were recruited and
randomly assigned to experimental or one of two
control groups. Participants of experimental group
received eight weekly sessions of fMRI
neurofeedback targeted bilaterally to the area within
medial prefrontal cortex. During each session blocks
of enhancing and suppressing the response of the
target area were alternating. Subjects continuously
received visual feedback reflecting percent of signal
change within the region of interest (ROI). The
source signal was recorded using Philips Ingenia 3T
MR scanner with an EPI sequence, TR = 1000 ms.
Temporal dynamics of the signal from ROI was
captured from the IViewBOLD graphs and presented
on the screen as a yellow circle, the diameter and
brightness of which depended on the signal values.
Offline fMRI analysis was performed using SPM 12
software. Concurrent EEG was recorded with a 32channel MR-compatible BrainAmp system, corrected
for MR, cardiac, and ocular artifacts and processed in
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EEGLab software.
First control group patients
received sixteen 25-min sessions of frontal alphaasymmetry neurofeedback. Participants from the
second control group were treated with eight
individual and eight group sessions of CBT. Each
subject underwent psychiatric examination (MADRS),
psychological assessment (BDI, SDS [Zung SelfRating Depression Scale], HADS), and EEG-fMRI
recording at rest and during performing an
emotionally salient task at start, at middle, and at the
end of the course.
Results. Patients from all the groups significantly
improved from the treatment. A status of some
patients according to DSM-5 changed to milder
depression or to no depression condition. The fMRIneurofeedback
group
showed
significant
improvements on MADRS, BDI, SDS, and HADS that
were statistically comparable with those in alphaasymmetry neurofeedback and CBT. Patients of the
fMRI group demonstrated ability to control prefrontal
cortex signal both in usual feedback and in transfer
(no feedback) sessions and gained positive changes
of emotional state during sessions.
Conclusions. FMRI-based neurofeedback holds a
promise for a targeted regulation of emotional circuits
and can be considered as a potentially clinically
efficacious technique of self-regulation in mood
disorders. However, cost-benefit ratio remains a
problem for this application. Studies of EEG-fMRI
correlates during the real-time fMRI-neurofeedback
sessions may be instrumental for enhancing EEG
neurofeedback treatment protocols.
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Reduction in Beta Wave Activity
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Bilateral alternating stimulation in tactile form
(BLAST) technology has been found to significantly
reduce subjective distress and physiological body
sensations in response to thinking about a stressful
event (Serin, Hageman & Kade, 2018). TouchPoints
are noninvasive devices that deliver BLAST and are
believed to reduce sympathetic nervous system
arousal associated with anxiety (Busscher,
Spinhoven, van Gerwen, & de Geus, 2013) by
depotentiating
amygdala
activity
(Harper,
Rasolkhani-Kalhorn, & Drozd, 2009) responsible for
activating the body’s stress response (Ehrlich et al.,
2009). Beta EEG rhythm has been found to correlate
to high situational and personal anxiety (Pavlenko,
Chernyi, & Goubkina, 2009). The purpose of this
study
was
to
utilize
quantitative
electroencephalography (qEEG) recordings to
identify significant changes in electrical brain activity
upon thinking of a stressful event and subsequently
upon the delivery of BLAST. It was hypothesized that
upon thinking of a stressful event beta activity would
increase and subsequently reduce significantly upon
delivery of BLAST.
Methods. A total of 21 participants (9 male, 12
female), ages 7 to 63 (M age = 27.8; SD = 16.5),
participated in the study and were recruited through
the Serin Center. The sample consisted of 14 clinical
participants with heterogeneous diagnoses of
anxiety, major depressive disorder, and attentiondeficit/hyperactivity disorder. The remaining sample
consisted of nonclinical participants. QEEG data was
collected at the Serin Center’s locations in Peoria and
Scottsdale, Arizona. Data was collected utilizing a
NeuroField Q20 amplifier and was stored using
NeuroGuide by Applied Neuroscience Inc.
Participants underwent a 5-min baseline recording
followed by an instruction to think about a stressful
event.
Participants were then asked to hold
TouchPoints devices. 19-channel qEEG recordings
were taken while thinking about the stressful event,
during the delivery of BLAST (holding the
TouchPoints), and then a baseline was taken again
upon removal of the TouchPoints. Paired t-test
analysis was conducted before and after BLAST with
NeuroGuide’s Neurostat software.

Vol. 5(4):150–174 2018

doi:10.15540/nr.5.4.150

International Society for Neurofeedback and Research

NeuroRegulation

Results. Preliminary EEG recordings comparing the
stress condition to the TouchPoints condition
exhibited significantly reduced activity in frontal
Theta, specifically in 5 Hz at Fp2 and F4 sites and
reduced activity in Beta 1 at 12–14 Hz in the frontal
channel locations (Fp1, Fp2, Fp3, Fz, F4). Significant
right frontal decreases are shown in Beta 2 at 16–18
Hz, Beta 3 bands at 19 Hz and 23 Hz, and Gamma 1
at 30–35 Hz with activity decreasing along the midline
also in Beta 3 at 19 Hz and 23 Hz and in Gamma 1 at
30 Hz.

Event-related Potential Study of Illusory Figure
Processing Deficits in Children with Autism
Spectrum Disorder

Conclusion. The significant reduction in beta activity
provides preliminary evidence that BLAST technology
may have a therapeutic effect on reducing subcortical
activity associated with anxiety and stress. Our
results are consistent with previous studies (Pavlenko
et al., 2009) suggesting beta wave activity is
correlated with increased levels of anxiety. This
preliminary data implicates the potential efficacy of
BLAST as a mediator of SNS arousal and stress
through beta-activity reduction in both clinical and
nonclinical samples. Follow-up research is required
utilizing a comparison control group with a larger
sample to assess for qEEG differences in brain
activity.

Background. Analysis of event-related potentials
(ERP) is one of the most effective methods of
investigation of information-processing stages in the
brain. ERP methodology represents a valuable
technique to study normative cognitive processes in
typically developing (TD) subjects and, at the same
time, may serve as a sensitive tool to assess
differences in individuals with autism spectrum
disorder (ASD). It has been shown in visual and
auditory modalities in various types of oddball tasks
that children with ASD present abnormalities in ERPs
(Bomba & Pang, 2004; Kemner, van der Gaag,
Verbaten, & van Engeland, 1999). Both the frontal
P3a to novel stimuli and the parietal P3b to attended
target stimuli were reported to be abnormal in autism
(Cui, Wang, Liu, & Zhang, 2017; Townsend et al.,
2001).
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Objectives.
In a series of studies (Baruth,
Casanova, Sears, & Sokhadze, 2010; Sokhadze,
Baruth, El-Baz, et al., 2010; Sokhadze, Baruth,
Tasman, et al., 2009) using various oddball tasks we
showed that group differences between ASD and TD
children can be found for both attended and
nonattended stimuli not only in late potentials (P3a,
P3b) but also in early ERPs (P100, N100) and
response-locked ERP (ERN). Among oddball tasks
the three-stimulus visual oddball with illusory figures
was most informative for this purpose. The goal of
the study was investigation of group differences in
ERP recorded at midline frontal and parietal sites for
determination if these topographies are reflecting
atypicality of ERP in the ASD.
Methods. Seventy children with ASD and 30 typical
children performed on an oddball task with illusory
figures. EEG was collected using a 128-channel EEG
system. The task involved the recognition of a
specific illusory shape, in this case a square or
triangle, created by three or four inducer disks
(Kanizsa, 1976). The regions-of-interest (ROI) for
ERP analysis were only frontal and parietal midline
areas.
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Results. Children with ASD did not differ from typical
children in reaction time (RT), but they committed
more errors (12.9% vs. 2.2 %, F = 14.9, p < .001) and
did not show normative posterror RT slowing (F =
27.6, p < .001). The error-related negativity was
lower in ASD (F = 8.5, p = .004). The early ERPs
(P100 and N100) to nontarget stimuli were of higher
amplitude and delayed in the ASD group (ps < 0.05).
The late ERPs (P3a and P3b) to nontarget stimuli
were prolonged in ASD without amplitude differences,
though P3a was delayed as well to targets in the ASD
(458 vs. 426 ms, F = 4.9, p = .03).
Conclusions. Results are in concordance with our
prior studies where children with ASD showed
excessive reactivity to task-irrelevant stimuli at the
early sensory stage processing of information leading
to delayed cognitive ERP to targets resulting in error
monitoring and correction deficits. It was important to
replicate these findings when ERPs were analyzed
only at the midline frontal and parietal areas as it may
have practical implications. It creates opportunity for
our group to start development of a custom-made
experimental control and EEG acquisition system
with limited number of channels (e.g., Fz, Pz) for ERP
analysis in oddball test with illusory figures that can
be used for functional diagnostic and as outcome of
neurofeedback or neuromodulation interventions.
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Background. Autism is defined as a spectrum of
behavioral disorders that have in common
impairments in social interaction and communication
skills, language deficits, and a restricted repertoire of
interests and stereotyped activities.
There are
several theoretical models of the neuropathology of
autism spectrum disorders (ASD), and one of them
suggests the presence of an excessive cortical
excitation/inhibition
(E/I)
ratio
(Casanova,
Buxhoeveden, & Gomez, 2003; Rubinstein &
Merzernich, 2003; Uzunova, Pallanti, & Hollander,
2016) that affects functional connectivity. This model
explains atypical event-related potential (ERP) and
evoked and induced gamma oscillations observed in
ASD during task performance.
Repetitive
transcranial magnetic stimulation (rTMS), especially
using low-frequency inhibitory stimulation, can be
considered as a method of modulating the E/I bias.
Objectives.
In our prior exploratory studies
(Sokhadze, Baruth, et al., 2010; Sokhadze, El-Baz, et
al., 2009) we used different schedules of rTMS to
investigate outcomes of rTMS in ASD. In this study,
124 high functioning ASD children (IQ > 80, less than
18 years of age) were recruited and assigned to either
a waitlist group or one of three different number of
weekly rTMS sessions (i.e., 6, 12, 18) to investigate
effects of dosage on functional and behavioral
outcomes. The project was aimed at selection of
more effective length of rTMS course.
Methods. TMS consisted of trains of 1.0 Hz pulses
applied over dorsolateral prefrontal cortex. The
experimental task was a three-stimulus visual oddball
with illusory Kanizsa figures. Behavioral response
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variables included reaction time and error rate along
with EEG indices such as ERP and evoked and
induced gamma oscillations. One hundred and
twelve patients completed the assigned number of
rTMS sessions.
Results. We found significant positive changes from
baseline to post-TMS treatment period in motor
responses accuracy (lower percentage of committed
errors, restored normative posterror slowing), in ERP
indices and in evoked and induced gamma
responses. Parental reports showed significant
reductions in aberrant behavior scores as well as
decreased scores of repetitive and stereotypic
behaviors. The gains of outcomes increased with the
total number of treatment sessions. Results of our
clinical research study showed most significant
changes from baseline in functional measures of
performance in oddball task and in behavioral
symptom ratings following 18 sessions of rTMS
treatment. Several measures showed a difference
from baseline and waitlist in reaction time and
ERP/EEG variables after 12 sessions of rTMS, but
only a few of them reached statistical significance
after a six-session rTMS course.
Conclusions.
Our results suggest that rTMS,
particularly after 18 sessions, facilitates cognitive
control, attention and target stimuli recognition by
improving discrimination between task-relevant and
task-irrelevant illusory figures in an oddball test.
Improvement in executive functions and behavioral
symptoms of autism further suggests that TMS has
the potential to target core features of ASD. The
results of this dosage-response study could serve as
important prerequisites that could inform the planning
of a blinded randomized clinical trial. Among potential
implications of the study should be considered
potential of combining rTMS with neurofeedback
training (Sokhadze et al., 2014) aimed at
reinforcement of neuromodulation effects using
operant conditioning in similar manner as reported by
our group earlier.
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Using Neurofeedback to Lower Anxiety
Symptoms: A Follow-up Study
Mark S. Jones, Heather Hitsman
The University of Texas at San Antonio, San Antonio, Texas, USA

Introduction. Anxiety represents one of the most
commonly diagnosed mental illnesses in the United
States, affecting approximately 18% of the population
annually (NIMH, 2017). This retrospective study
intended to assess whether qEEG-guided amplitude
neurofeedback (NF) is viable in symptom reduction of
anxiety. This presentation updates a previously
presented and published pilot study on treating
anxiety symptoms with neurofeedback, based on
data from 2014 to 2015 (Dreis et al., 2015). The pilot
study involved a retrospective assessment of the
efficacy of qEEG-guided one-channel neurofeedback
for reduction of anxiety symptoms. The treatment
was provided through an urban on-campus
community counseling center operated by a
university counseling department for the training of
master and doctoral level students in neurofeedback.
This updated retrospective study follows the same
model as the pilot study with increased study size,
based on data from 2014 to 2018.
Methods. From 2014 to 2018, 76 total clients were
assessed
and
treated
for
anxiety
using
neurofeedback. Retrospectively, 34 clients met
inclusion criteria for data analysis. Inclusion required
that primary symptoms be related to anxiety, that the
client is naive to neurofeedback and completion of
pre- and postassessments including qEEG and
symptom checklists. It is projected that an additional
12 clients may be included in the final analysis to be
concluded by August 2018. Clients of the counseling
center
were
from
the
local
community.
Demographics include age ranges from 11 to 61 (M =

Vol. 5(4):150–174 2018

doi:10.15540/nr.5.4.150

International Society for Neurofeedback and Research

34.76, SD = 15.15), 18 male and 16 female; 17
identified as Caucasian, 13 identified as
Hispanic/Latino, and 3 Caucasian/Hispanic ethnicity;
one declined to identify their ethnicity. Pre- and
postassessments included qEEG, the Zung SelfRating Anxiety Scale, Screen for Child AnxietyRelated Disorders (SCARED), and the Achenbach
System of Empirically Based Assessment (ASEBA).
Clients received between 20 to 30 minutes of qEEGguided NF treatment sessions, twice a week. The
range of attended session was 4–19 (M = 12.14, SD
= 3.24).
Results. On the Zung Anxiety Scale mean scores
were reduced from 45.5 to 38.1 with t(32) = 7.20, p <
.0001, d = 1.22. SCARED mean scores were
reduced from 37.22 to 23.27 with t(2) = 4.80, p < .041,
d = 2.77. ASEBA mean scores were reduced on the
Anxious-Depressed scale from 68.61 to 64.19 with
t(35) = 3.49, p < .001, d = 0.58, on the Anxiety
Disorder (DSM) scale from 65.14 to 61.97 with t(35)
= 2.57, p < .014, d = 0.43, and on the Total Problems
scale (average of eight core scales) from 59.53 to
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55.19 with t(35) = 3.85, p < .0001, d = 0.64.
Limitations and directions for future research will be
discussed along with details of qEEG markers and
related treatment protocols.
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