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The Effects of Mobile Application for
Cardiorespiratory Synchronization Training on
Heart Rate Variability and
Electroencephalography
I-Mei Lin
Department of Psychology of Kaohsiung Medical University,
Kaohsiung City, Taiwan, Taiwan

Background and Description. Cardiorespiratory
synchronization training (CRST) is a biofeedback
intervention that uses slow and deep diaphragmatic
breathing to increase autonomic activations,
decrease symptoms of physical and mental
disorders, and decrease negative emotions.
Diaphragmatic breathing decreases central neuron
system activations, increases the theta and alpha
powers, and decreases the beta power of
electroencephalography (EEG).
High-technology
mobile applications (APPs) combined with CRST
brings innovation and convenience to users in the
field of clinical psychological intervention. The aims
of this study were to examine the effects of mobile
APP for CRST on heart rate variability (HRV) and
EEG.
Method. Two hundred participants were recruited
from a university and communities. Ninety-two
healthy participants were screened and assigned
randomly to the CRST group, relaxation training
group (RT group as a sham-control group), and
control (C) group.
The CRST group received
resonance frequency and diaphragmatic breathing
training with an APP, and the RT group received
muscle relaxation with normal breathing rate
achieved by using an APP. The training program
took 1 hour and was conducted weekly for 4 weeks.
The C group did not undergo any APP training. All
the participants underwent pretest and posttest
measurements performed using psychological
questionnaires, electrocardiography, and EEG. The
raw electrocardiographic signals were transformed
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to HRV indexes, which included standard deviations
of all normal-to-normal intervals (SDNN), low
frequency (LF), high frequency (HF), total power,
and maximum and minimum heart rate (HRmax–
min). The EEG parameters included absolute power
and relative power of delta, low/high theta, low/high
alpha, and low/high beta powers at Fz, Cz, Pz, F3,
F4, C3, and C4.
Results. The CRST group had significantly higher
HRV indexes (including SDNN, LF, total power, and
HRmax–min) than the RT and C groups; decreased
relative high beta power at Pz, F4, C3, and C4; and
increased absolute high alpha power at Pz. The
CRST group also had a significantly higher increase
in the change scores of HRV indexes ( SDNN,
LF,
total power, and
HRmax–min) than the
RT and C groups, increased absolute high alpha,
and decreased relative high beta from pretest to
posttest.
Conclusion. Combining CRST with mobile APPs
not only increased autonomic activations but also
improved cortical activations. This program allows
participants to practice everywhere and all the time
and will be applied to different populations to
improve autonomic dysregulation and cortical
hyperarousal in the future.
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significant positive correlations between sleep
efficiency with low/high beta at Fz, Cz, and Pz in
MDD with severe insomnia group.
Significant
positive correlations between use sleeping
medications with low/high beta at Fz, Cz, and Pz;
and negative correlations between daytime
dysfunction with high beta at Fz, Cz, and Pz in MDD
with mild insomnia.

Relationships Between Cortical Hyperarousal
and Sleep Quality Among Patients Comorbid
Major Depressive Disorder and Insomnia

Conclusion. Patients comorbid MDD and insomnia
had higher cortical hyperarousal at the midline area
of brain compared to the healthy controls. Poor
sleep efficiency was related to cortical hyperarousal
in MDD with severe insomnia; frequency of using
sleep medications and daytime dysfunction were
related to cortical hyperarousal in MDD with mild
insomnia.
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and Cheng-Fang Yen1
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Department of Psychology, Kaohsiung Medical University,
Kaohsiung City, Taiwan, Taiwan
2
Dr.Tang's Psychiatric Clinic and Mind Center, Kaohsiung City,
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Background. Previous studies confirmed cortical
hyperarousal at pre-sleep and sleep stages among
patients with primary insomnia or major depressive
disorder (MDD); few studies explored cortical
hyperarousal at daytime.
This study aims to
investigate: (1) cortical hyperarousal at daytime
among patient comorbid MDD and insomnia and (2)
relationships between cortical hyperarousal and
sleep quality.
Methods. Seventy-seven healthy participants and
111 patients with MDD were recruited in this study.
Pittsburgh Sleep Quality Index (PSQI) was used to
separated participants into healthy controls (PSQI ≤
5), MDD with mild insomnia (5 < PSQI ≤ 11), and
MDD with severe insomnia (PSQI > 11). Seven
subscales of PSQI (subjective sleep quality, sleep
latency, sleep duration, sleep efficiency, sleep
disturbances, use of sleeping medications, and
daytime dysfunction) were used to explore the
relationships between sleep quality and cortical
hyperarousal. Electroencephalography (EEG) was
measured at Fz, Cz, and Pz for 5-min resting state
with their eyes-closed during daytime via 19-channel
BrainMaster equipment (BrainMaster Technologies,
Inc., Bedford, OH). The peak-to-peak amplitude of
EEG was analyzed and showed low beta (12–20 Hz)
and high beta (21–32 Hz) as the indices of cortical
hyperarousal.
Result. Significant greater high beta at Fz and Cz in
MDD with mild/severe insomnia and at Pz in MDD
with severe insomnia compared to healthy controls.
Significant greater low beta at Fz in MDD with
mild/severe insomnia and at Cz in MDD with mild
insomnia compared to healthy controls. However,
no significant difference in low/high beta between
MDD with mild and severe insomnia. In addition,
159 | www.neuroregulation.org
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Atypical Processing of Novel Distracters in a
Visual Oddball Task in Children with Autism
Spectrum Disorder: An ERP Study
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Background. Several studies have shown that
children with autism spectrum disorder (ASD) show
abnormalities in ERPs (Baruth, Casanova, Sears, &
Sokhadze, 2010; Bomba & Pang, 2004; Kemner,
van der Gaag, Verbaten, & van Engeland, 1999;
Sokhadze, Baruth, Tasman, & Casanova, 2013).
Children with ASD have been found to differ from
typical developing (TD) children mainly with respect
to the parietal P3b to targets in standard oddball
tasks (Cui, Wang, Liu, & Zhang, 2017).
The
proposed study employed a three-stimulus visual
oddball task with ERP recording and focused on
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analysis of responses to both target and nontarget
items.
In order to better understand attentive
orienting to novel signals, we studied both frontal
and parietal ERP indices of information processing.
The oddball task was aimed to test our hypothesis
that children with autism are abnormally orienting
attention to novel distracters probably due to
impaired habituation to novelty. We predicted a
lower selectivity in early ERPs components in
response to target, frequent nontarget, and rare
distracters
and
delayed
endogenous
ERP
components in autism group.
Methods. We enrolled 24 children with ASD (13.4 ±
1.9 years) and 19 TD children (14.1 ± 3.05 years).
The ERP test used letters “X” (target 25%), “O”
(standard, 50%), and novel distracters (“v,” “^,” “>,”
and “<,” 6.25% each) presented for 200 ms at
approximately 1 Hz rate.
Reaction time (RT),
accuracy, and post-error RT were analyzed as
behavioral measures, while ERPs recorded with EGI
EEG system at the frontal region-of-interest (ROI)
and parietal ROI.
Results. One-way ANOVA showed that children
with ASD compared to the TD controls yielded group
differences in response error rate (17.7 in ASD vs.
4.6% in TD, p = .043) and did not show normative
post-error RT slowing (−17.3 vs. 19.5 ms, p = .028).
Parietal P100 was higher to novels in ASD (3.66 vs.
2.16 uV, F = 4.5, p = .041). At the frontal ROI ASD
group showed higher amplitudes of exogenous
components (e.g., N100, −4.05 vs. −2.69 uV, p =
.044) and higher amplitude of endogenous ERP
components (e.g., P3a, 4.88 vs. 2.17 uV, p = .015)
to novel distracters.
Discussion and Conclusion.
These results
indicate a reduced capacity for the ASD group to
process distracters and orient attention to novelty.
The findings are in line with our prior studies using
different tasks with visual and auditory stimuli (Kiser
et al., 2012; Sokhadze et al., 2009, 2012).
Augmented early potentials and a delayed frontal
P3a to novel stimuli suggest low selectivity in
preprocessing of distracters resulting in excessive
processing at the later stages at frontal regions.
This may indicate a reduction in the discriminative
ability of the ASD group. These results may reflect a
locally overconnected network where sensory inputs
evoke abnormally large ERP for unattended stimuli
with signs of a reduction in the selectivity. This may
incur a high load at the later stages of perceptual
and cognitive processing and response selection
when novel distracter stimuli are differentiated from
targets. Analysis of ERP in autism may provide
160 | www.neuroregulation.org
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important biomarkers for functional diagnostics and
in addition these biomarkers could be used as
outcomes in interventions such as rTMS or
neurofeedback.
References
Baruth, J., Casanova, M., Sears, L. & Sokhadze, E. (2010). Earlystage visual processing abnormalities in high-functioning
autism spectrum disorder (ASD). Translational Neuroscience
1(2), 177–187. http://dx.doi.org/10.2478/v10134-010-0024-9
Bomba, M. D., & Pang, E. W. (2004). Cortical auditory evoked
potentials in autism: A review. International Journal of
Psychophysiology, 53(3), 161–169. http://dx.doi.org/10.1016
/j.ijpsycho.2004.04.001
Cui, T., Wang, P. P., Liu, S., & Zhang, X. (2017). P300 amplitude
and latency in autism spectrum disorder: A meta-analysis.
European Child & Adolescent Psychiatry, 26(2), 177–190.
http://dx.doi.org/10.1007/s00787-016-0880-z
Kemner, C., van der Gaag, R. J., Verbaten, M., & van Engeland,
H. (1999). ERP differences among subtypes of pervasive
developmental disorders. Biological Psychiatry, 46(6), 781–
789. http://dx.doi.org/10.1016/S0006-3223(99)00003-7
Kiser, R. M., Sokhadze, G., Gross, E., El-Baz, A., Sokhadze, E.,
& Casanova, M. (2012). Selective attention and audiovisual
integration in children with autism. Applied Psychophysiology
and Biofeedback, 37, 307.
Sokhadze, E. M., Baruth, J. M, Sears, L., Sokhadze, G. E., ElBaz, A. S, Williams, E. L., … Casanova, M. F. (2012). Eventrelated potential study of attention regulation during illusory
figure categorization task in ADHD, autism spectrum disorder,
and typical children. Journal of Neurotherapy, 16(1), 12–31.
http://dx.doi.org/10.1080 /10874208.2012.650119
Sokhadze, E. M., Baruth, J., Tasman, A., & Casanova, M. F.
(2013). Event-related potential studies of cognitive processing
abnormalities in autism. In M. F. Casanova, A. S. El-Baz, and
J. S. Suri (Eds.), Imaging the Brain in Autism (pp. 61–86).
New York, NY: Springer.
Sokhadze, E., Baruth, J., Tasman, A., Sears, L., Mathai, G., ElBaz, A., & Casanova, M. F. (2009). Event-related potential
study of novelty processing abnormalities in autism. Applied
Psychophysiology
and
Biofeedback,
34(1),
37–51.
http://dx.doi.org/10.1007/s10484-009-9074-5

Emotional Changes of ALAY Neurofeedback
for Patients Comorbid of Anxiety Symptoms
and Major Depressive Disorder
San-Yu Wang, I-Mei Lin, Yi Chun Yeh, Mei-Feng
Huang, Tai Ling Lium, Peng-Wei Wang, Huang Chi Lin,
and Cheng-Fan Yen
Department of Psychology, Kaohsiung
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Background. Previous studies indicated that ALAY
neurofeedback (NFB) was an effective protocol for
reducing depression and increasing frontal alpha
asymmetry (FAA). However, most studies were
preliminary case studies of major depression
disorder and do not include a control group which
could compare with neurofeedback group to
examine the effect of ALAY NFB. The purpose of
the present study was to examine the effect of ALAY
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NFB for patients comorbid of anxiety symptoms and
major depression disorder (MDD).
Methods. Twenty-six patients of comorbid anxiety
symptoms and MDD were assigned to the ALAY
NFB group and the control group. All participants
received psychological questionnaires and 5-min
resting electroencephalography (EEG) with eyesclosed measurement at pretest and posttest. Beck
Depression Inventory II (BDI-II) and Beck Anxiety
Inventory (BAI) were administered, and 19-channel
EEG was measured and analyzed by BrainAvatar
(BrainMaster Technologies, Inc., Bedford, OH). A1
score [log (F4 alpha) – log (F3 alpha)] were
calculated as the index of FAA. Participants in the
ALAY NFB group received increased A1 score
training 1 hour twice weekly for 5 weeks by
BioGraph Infiniti (Thought Technology Ltd.,
Montreal, Quebec, Canada) with bipolar–channel at
F3 and F4.
Participants in the control group
received pretest and posttest.
Results. No significant difference between two
groups on age (t = 1.89, p = .07) and sex (χ2 = .01,
p = .91) at pretest. The pair t test revealed that
lower scores on anxiety (t = 2.18, p = .047) and
depression (t = 3.01, p = .009) in the ALAY NFB
group at posttest than that at pretest. However, no
emotional change on anxiety and depression in the
control group.
Conclusion. This study indicated that ALAY NFB
was an effective protocol for reducing negative
emotion for patients of comorbid anxiety symptoms
and MDD.
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The Different Levels of Golf Players on Mu
Rhythm Coherence Prior to the Golf Putt
Tai-Ting Chen, Kuo-Pin Wang, Kuan-Fu Chen, Yen-Yo
Tsai, Cheng-En Chiang, Hao Chen, Chung-Ju Huang,
and Tsung-Min Hung
Taipei,

Taiwan

Background and Description. The Mu rhythm (8–
13 Hz), located in the sensorimotor cortex, is related
to visual processing and motor control and
161 | www.neuroregulation.org
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coordination during activation.
Mu rhythm
coherence would further understanding of the
relationship between brain regions of the functional
connections in precise action during the preparation
period. Past studies have shown that experts in
visual processing (occipital area), motor control and
coordination (parietal area), and oral analysis (left
hemisphere) showed lower brain coherence, which
was consistent with the neural efficiency hypothesis.
However, the neural efficiency hypothesis was
regulated by the task properties and experience
level. Therefore, the purpose of this study was to
use Mu rhythm coherence to explore the differences
of functional connection from sensorimotor area to
other areas with different levels of golf players by
controlling putting task difficulty. The hypothesis
was that experts would show lower coherence than
novices.
Methods. Sixteen experts (mean handicap = 4.44 ±
2.06), 10 amateurs (mean handicap = 32.20 ± 7.61)
and 17 novices were recruited. The task difficulty
depended on 50% putting successful rate of the
individual performance. Sixty putts were executed
and divided into six blocks, where each block
contained 10 putts. The positions at F3, F4, C3, C4,
T3, T4, P3, P4, O1 and O2 were assessed.
Results. When putting difficulty was set at 50% for
each group, putting distance performance was
experts (402.50 ± 46.55 cm) > amateurs (356.00 ±
27.16 cm) > novices (248.24 ± 43.05 cm). Under
the same putting difficulty, compared to novices,
experts exhibited significantly higher coherence
between the sensorimotor area and parietal area,
and between the sensorimotor area and left
hemisphere.
Also, experts and amateurs
demonstrated higher coherence between the
sensorimotor area and occipital area.
Conclusion. Under the same effortful difficulty task,
compared to novices, experts significantly involved
more resources into visual-motor integration,
coordinated control, and verbal analysis to come into
better putting performance. The excellent cortical
functional organization experts have shaped might
be flexibly adjusted according to external
requirements and performance needs. In terms of
space experts might recruit more related cortical
regions to parallel signal processing, and in regard
to time experts might activate the dominant cortical
region more neurons simultaneously, increasing
calculation speed, rather than being confined to a
"neural efficiency" strategy for the reduction of
cortical activation.
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events generate electrical activity that interfere with
the ability to accurately read brainwaves, thus
potentially diminishing the effect of NF training
(Montgomery, 2001).
This poster session will examine the efficacy of NF
software that automatically removes artifact and
report if automatic artifact removal simplifies the
tasks that highly trained special educators may
utilize in schools. Study data will inform future
research that examines the use of NF to improve
academic performance in students with ADHD. The
study hypothesized that NF training without any
artifact control inhibits students’ abilities to learn how
to self-regulate their brainwaves, while the
elimination of artifact on the fly may decrease the
time needed for NF. Thus, elimination of artifact
may make use of the intervention more amenable to
special educators.
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Artifact-Controlled Neurofeedback: A Pilot
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Jeffry La Marca, Fabiana Cacciaguerra, Jennifer
Fandino, Austin Guerra, and Joseph Fresco
Seton Hall University, South Orange, New Jersey, USA

Neurofeedback (NF) allows individuals to train and
control their own brainwaves. It has been used to
assist individuals with attention-deficit/hyperactivity
disorder (ADHD) since the 1970s (Lubar & Shouse,
1976).
Research supports the view that NF
improves attention, although there remains a dearth
of research on improvements in academic
achievement. Traditionally, NF research has been
conducted by clinical psychologists, psychiatrists,
and other medical professionals.
However,
technological advances now permit NF research to
be conducted in schools, thereby opening a
potentially useful intervention for special educators.
In one study, academic achievement in a school
setting found that NF may improve scores on
measures of reading comprehension (La Marca &
O'Connor, 2016).
This poster session will examine the initial findings of
a pilot study that examined EEG “artifact”—electrical
activity generated through muscle activity that is not
associated with brainwaves.
The presence of
artifact inserts additional signals that are detected by
the EEG equipment used to train brainwaves and,
therefore, may impair the efficacy of NF training
(Goncharova, McFarland, Vaughan, & Wolpaw,
2003). NF training is traditionally done without any
control for eye movement, eye blink, or muscle
tension artifacts. However, these muscle-based
162 | www.neuroregulation.org
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External and Internal Foci of Attention with
Frontal Midline Theta
Yen-Yu Tsai, Tai-Ting Chen, Kuo-Pin Wang, Kuan-Fu
Chen, Cheng-En Chiang, Hao Chen, Chung-Ju Huang,
and Tsung-Min Hung
National Taiwan Normal University, Taiwan City, Taipei, Taiwan

Background. Frontal midline theta (Fm θ, 4–7 Hz)
is related to top–down control and attentional
resources engagement during activation. Lower Fm
θ power in expertise of precise sport means less
willing effort and automatic processing alike when in
preparation period. Past studies have shown that
internal focus of attention during motor preparation
makes chocking, which is consistent with the
constraints action hypothesis.
However, the
research in expertise of precise sport was not
consistent with past studies. Therefore, the purpose
of this study was to use Fm θ to examine the
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constraints action hypothesis.
The research
question was that whether external focus of attention
makes expertise more automatic processing than
internal focus of attention? The hypothesis is that
Fm θ power of external focus of attention (Fm E) is
significantly lower than internal focus of attention
(Fm I).
Methods. One expert (handicap = 0) was recruited.
Both foci of attention were used in personal 50%
hole-rate distance as the radius with 40 different
positions. A total of 80 putts were executed and
divided into four blocks, each block containing 20
putts. Fm θ was recorded and assessed at each
putt.
Results. For behavior, both foci of attention were
with 12 in-holes in 40 putts. For Fm θ power,
external focus of attention (8.622) was larger than
internal focus of attention (6.987).
Conclusion. The result of Fm θ was reverse to our
study hypothesis; the reason might be that the
expert necessarily redeployed attention resource at
each putt at different positions with 50% putting task
difficulty, especially external cues. Therefore, it led
to more external attention than internal attention.
Besides, the innovation of improving methodology of
this study was measuring EEG and behavior
information by each putt at different sites, and it
increased ecological validity.
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Biofeedback Intervention for Anger
Management: A Case Study
Charles Chapman
Eastern Washington University Department of Psychology,
Cheney, Washington, USA

Although the two are not synonymous, stress is
usually tied into anger; both of which have been
proven to have negative health effects.
Many
studies have discussed biofeedback and the effect it
can have on relieving stress, as well as its effect on
other health conditions (Greenspoon & Olson, 1986;
Shellenberger, Turner, Green, & Cooney, 1986;
Wyner, 2015). And, although the results weren't
conclusive, biofeedback has been shown to be a
viable method of tracking and regulating emotions
such as anger (Francis, Penglis, & McDonald, 2016)
and is suggested as an intervention for anger
management. A United Kingdom study indicated
that self-monitoring alone isn't enough to manage
anger; when paired with self-intervention the results
are more positive (Fernandez & Beck, 2001). One
of the goals of the present case study was to
attempt to target my anger so that it was at
appropriate levels of frequency and intensity. The
approach was to utilize biofeedback to self-monitor
heart rate variability (HRV) through practicing
focused breathing and using positive thoughts when
I felt angry; this approach was also utilized as a
maintenance strategy. This approach is based on
protocols developed by HeartMath LLC.
The
intervention took place at home, but the
measurement of frequency and intensity of the
emotion took place both at home and in public. The
baseline was 12 days; interventions occurred twice
daily, with times of each increasing every 7 days and
tracked for 4 consecutive weeks. The intervention
showed a significant reduction in the number of
anger events, as well as a marked decrease in the
intensity of each event. The results of this case
study indicate that biofeedback paired with HRV can
be a successful intervention for a broad range of
anger issues. The limitation is that the intervention
was with a single person and self-implemented.
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Stress Recovery and Psychophysiological
Self- Awareness and Mindfulness
Rose Schnabel
University of Toronto, King City, Ontario, Canada

Cumulative stress can negatively impact emotional
and psychological states. When faced with stress,
one of the first line of recommendations is to take
time away and withdraw from stressors…rest.
Mindfulness practice has been increasingly
recommended by many healthcare professionals.
The simple nature of the practice can be easily
misunderstood and understated, without the backing
of empirical evidence of its benefits. Mindfulness
research has shown that this practice shows
improvement in attention, focus, emotion regulation,
and self-awareness (Keng, Smoski, & Robins, 2011;
Weinstein, Brown, & Ryan, 2009).
Researchers in the field of neurology have reported
that Mindfulness Meditation training can alter
regions of the brain known to coordinate stress
processing and physiological stress responses
(Taren et al., 2015). In field research and in real life
it can be difficult to maintain a practice of
mindfulness. Without daily practice the benefits of
Mindfulness are reduced. Neuro/biofeedback can
be used as real-time feedback to teach selfregulation and potentially be used as an aid for
Mindfulness Meditation (Brandmeyer & Delorme,
2013).
Purpose. To assess the effects of self-awareness
(mindfulness) on stress recovery (rest/neuropsychophysiology).
Hypothesis.
Mindfulness Meditators (M) have
significant difference in psychophysiological selfawareness and emotion regulation during rest and
recovery than non-Mindful Meditators(nM).
Procedure. Real-time psychophysiological methods
to measure two major effects of mindfulness: selfawareness and emotion (stress) regulation in those
scoring high on MindfulnessScales (Mgroup) and
those
scoring
lower
on
MindfulnessScales
164 | www.neuroregulation.org
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(NMgroup). Specifically, two major components of
Mindfulness will be analyzed:
•
•

Self-awareness: through neuro/biofeedback
Emotion
regulation:
neuropsychophysiological measures of rest/stress
recovery from stressors

Psychophysiological Measure (GSR, EEG, EEG;
EMG, HR, Temperature) used to measure Baseline,
Rest (Post-stressors)/Recovery. Script on a
computer screen with the following sequence of
events
will
be
presented:
1.
Baseline
psychophysiology (no stressor), stressor 1 (color
Stroop test), rest, stressor 2 (numbers and speed),
rest, stressor 3 (timed recall), and rest period.
Self-Report
Methods.
Mindfulness
attention
awareness scale (MAAS) and Short Compassion
Scale N = 15, Mindful group, n = 7; nMindful group,
n = 8.
Preliminary results. Normalized HR and GSR at
rest for M and nonM groups, A non-parametric test
(Mann-Whitney test) was used to compare two
groups, as a more flexible option because the data
is likely to be skewed. This is also the reason to
report median values for measures of central
tendency (instead of means). Results showed that
mindful people have lower GSR at rest 1 (median =
1.18) compared to non-mindful participants (median
= 1.60), p = .037. Median of 1.60 indicates that a
“typical” non-mindful participant has GSR at rest
60% higher than baseline. Median of 1.18 indicates
18% higher for mindful participants compared to
baseline. Between the two groups we can assume a
difference of 60−18 = 42%.
Participants with high mindfulness score also had
lower GSR scores at rest; even though scores were
higher during stressors, recovery was closer to
baseline than those with lower mindfulness scores.
This is a pilot study. The main study has a larger
population and more results will be available.
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Isochronic and Binaural Beats Affect the EEG
to a Similar Degree at the Cranial Vertex
Luke Hansen
Carbon High School, Price, Utah, USA

Purpose. Brainwave entrainment (the frequency
following effect) using sonic beats has long been
demonstrated, but there are conflicting claims as to
whether isochronic auditory beats or binaural
auditory beats are more effective at entraining
brainwaves. This study confirmed that brainwaves
can be entrained by auditory stimuli and examined
whether binaural beats or isochronic tones are more
effective at entraining brainwaves at the cranial
vertex.

NeuroRegulation

Conclusion.
Brainwaves can be entrained to
auditory stimulation. Although the absolute alpha
wave power decreased with the auditory stimuli, the
ratio of alpha wave to total EEG power increased.
The isochronic tones were slightly more effective,
but the difference was not statistically significant.
More research is needed to assess how long the
effect will last, and to correlate the changes to other
psychological measures.
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Comparing the Effectiveness of Recall of
Traumatic Memories (RTM), Eye Movement
Desensitization and Reprocessing (EMDR),
and Neurofeedback (NFB) on Veterans
Diagnosed with PTSD Using a 19-Channel EEG

Lori Russell-Chapin1, Theodore Chapin2, and Nancy
Sherman1
1

Procedure. Sixty sessions were conducted using
eight participants. An active EEG electrode was
placed at the cranial vertex, with a reference
electrode on the left earlobe and a ground electrode
on the right earlobe. The EEG was measured for 8
min under three conditions, in random order for each
subject, with a 20-min delay between conditions: (1)
a control sessions of soft piano music, (2) piano
music with isochronic tones at 10.88 Hz, and (3)
piano music with binaural beats set for 10.88 Hz.
Statistical tests were performed to assess statistical
significance.
Data. Exposure to soft piano music and an auditory
stimulus at 10.88 Hz increased the percentage of
alpha power at the cranial vertex, compared to piano
music alone (p <= 0.05). No differences were noted
based on the order of the sound exposures.
Binaural beats increased the alpha power ratio by
11.1%. Isochronic tones increased the alpha power
ratio by 11.5%. Compared to control, both auditory
stimuli decreased the total EEG brain power (p <=
0.05); the binaural beats by 20.5% and the
isochronic tones by 19.3%. The auditory stimuli
entrained brainwaves more effectively in subjects
with lower alpha power ratios in the control session.
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Many veterans return from conflict zones suffering
from Posttraumatic Stress Disorder (PTSD). Current
treatments provide partial symptom relief that is
lengthy and ineffective (Schiller & Phelps, 2011).
This research seeks to address the impact of PTSD
on warriors and veterans by enhancing treatment
outcomes, encouraging treatment participation and
completion, and decreasing treatment expense by
introducing better treatments for the intrusive and
hypervigilant symptoms for PTSD.
Between
September 2001 and August 30, 2011, more than
two million (2,333,972) American military personnel
were deployed to Iraq, Afghanistan, or both
(Martinez & Bingham, 2011). The prevalence of
PTSD among veterans of Operation Iraq Freedom
(OIF) and Operation Enduring Freedom (OEF)
ranges between 13% and 17% (Tanielian & Jaycox,
2008). Between 2002 and the third quarter of fiscal
2011, 711,986 veterans used Veteran Affairs health
care (Martinez & Bingham, 2011). Only 23–40% of
veterans diagnosed with a mental disorder sought
mental health care (Hoge et al., 2004).
Low
motivation to seek help for mental health care has
been attributed to stigma (Hoge et al., 2004), lengthy
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waiting periods for obtaining treatment, inconsistent
results from currently approved treatments, the
length of time in treatment, and the high rate of
relapse (Gray & Liotta, 2012). In light of the need for
treatment, the frustration that service members and
their families experience with current treatments and
increasing fiscal restraints, new treatment options
are needed. This research study will compare three
treatment protocols: a recognized PTSD treatment,
Eye Movement Desensitization and Reprocessing
(EMDR) therapy, the adapted Reconsolidation of
Traumatic Memories (RTM), and Neurofeedback
(NFB).
EMDR, RTM, and NFB therapies are
noninvasive minimal exposure-based interventions
that are typically completed in 3 to 20 sessions of 60
to 90 minutes each.
This study researched veterans for noninvasive
shorter term, comprehensive, and efficacious
interventions. Our hypothesis is that, compared to
the pretest and untreated group controls, all three
neurotherapy treatments will show clinically
significant posttreatment decreases in PTSD
symptom scores.
There will be statistically
significant differences in the pre- and posttest 19channel EEG's of the RTM, EMDR, and NFB
treatment groups compared to the pretreatment
waitlist control group
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The Combined Effects of Neurofeedback and
Intensive Behavior Intervention on Children
with Autism Spectrum Disorder
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Autism spectrum disorder (ASD) is a neurological
disorder that affects the wiring of the brain, given
variable cognitive impairment and language. These
findings have been found thanks to the empirical
studies that have been performed around pervasive
developmental disorders (PDD), known as
qualitative alterations of the communication and the
mutual interaction of the individual. Additionally,
some changes in the motor area can be included,
along with the aforementioned communication and
social skills. Neurofeedback, also known as EEG
Biofeedback, teaches self-regulation of brain activity
by normalizing dysregulated brains in establishing
focus and concentration. A large number of studies
have applied Neurofeedback in the treatment of
ASD, and the results point to a considerable
usefulness of this technique, so this study was
proposed
to
review
the
applicability
of
Neurofeedback in a group of 30 children between
2.5 and 12 years of age with ASD and/or anxiety
receive either both Neurofeedback and combined
treatments.
The participants received either a
combined treatment or isolated treatment of
Intensive Behavior Intervention (IBI), Neurofeedback
(NF), or Speech and Language (SLP). NF starts
with the TLC assessment and Brain mapping to
determine specific needs to tailor a detailed and
individualized training plan.
NF sessions for
participants range beginning from 10 to 40; half hour
in length, depending upon the type of treatment and
participant. Research results show improvements in
speech, language, movement, attention, and focus.
A calculated increase of accumulated skills
estimated of a 30% behavior change with combined
Neurofeedback and Intensive behavior intervention.
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EEG Data for a Significantly Improved
Alzheimer’s Disease Case After
Photobiomodulation Treatment
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Neurofeedback (NFB) treatments often cover 10 to
40 sessions over several months. While NFB has
been effective for many psychological and
psychiatric
conditions,
significant
clinical
improvements are not usually observed during the
early treatment sessions, and outcomes are not
always predictable. An intervention that is simple for
NFB practitioners to implement, produces rapid
entrainment, and drastically cut short treatment time
would potentially change expectations for NFB
practice.
Photobiomodulation (PBM) offers an
intervention with these possibilities, supported by
decades of research on its effect on neurological
conditions (Hamblin, 2016). Latest research and
development in the PBM extend expectations further
by allowing the control of key parameters such pulse
frequencies and nuclei targets to be controllable,
opening up new solutions in personalized
intervention.
In addition, PBM with selected
parameters are starting to produce evidence to
improve Alzheimer’s disease (AD) conditions. This
expands the scope of NFB practice when it is
partnered with PBM.
Presentation Contents. To support this argument,
the presenters have been involved in recent
investigations to test the hypothesis that the brain is
immediately responsive to PBM, indicating rapid
brain wave training. Furthermore, new scientific
theories and evidence continue to build up to
support PBM’s efficacy for various neuropsychiatric
conditions.
In the presentation, analyses of these data from four
sets of studies will be discussed. They were based
on home-use intervention devices directing near
infrared (NIR) light at 810-nm wavelengths pulsed at
either 10 Hz or 40 Hz to the hubs of the brain’s
default mode network. The studies analyzed with
summarized results comprise:
•

A case series report of five dementia
patients with mild to moderately severe
impairment treated over 12 weeks. It used
10-Hz pulsing devices which helped produce
significant improvements measured with
widely recognized cognitive scales, with no
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•

•

side effects (Saltmarche, Naeser, Ho,
Hamblin, & Lim, 2017).
A case report of a moderately impaired AD
patient treated with a 40-Hz device and
measured with electroencephalography
(EEG) over 3 weeks. It presented even
more significant cognitive improvement
presenting more than 100% improvements
in
EEG
measurements
(Zomorrodi,
Saltmarche, Loheswaran, Ho, & Lim, 2017).
A double-blind crossover EEG observational
study on PBM of 20 healthy brains. It
confirms that NIR directed to the brain
produces
significant
neuro-stimulation
effects.
New data accumulated on brain response to
changes in pulse frequencies between 0 Hz
to 40 Hz driven at different power. We are
also able to demonstrate that changes in
pulse frequencies and power evoke changes
in EEG patterns in real-time, suggesting that
we can rapidly modify EEG brain maps to
achieve desired clinical outcomes.

Conclusions. Evidence suggest that PBM has a
good argument to be a strong partner to NFB, with
the potential to allow it to raise the expectation bar
and opens up new solutions for NFB. It also has the
potential to personalize treatments. However, to
fulfill some of its potential, more work will be required
to build up reference profiles related to different
pulse frequencies, as well as trigger parameters.
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