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INTRODUCTION

This preliminary case study aimed to assess the ef-
fects of adding binaural beats (BB) to music on the brain, 
bioenergy, and physiology of four study participants. The-
ories of bioenergy propose that electromagnetic fields are 
associated with basic life processes and that each human 
being radiates an electromagnetic field that can be de-
scribed as an “aura” or field of bioenergy (Prakash et al., 
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2015). Peer-reviewed research on human bioenergy and 
aura includes topics such as stress levels (Abdullah et al., 
2014) and the influence of bioenergy on the conforma-
tion of human DNA (Rein, 1995). Instruments currently 
used to detect bioenergy fields measure aspects of elec-
tromagnetic activity (Deshpande et al., 2016; Hansen & 
Lieberman, 2014; Prakash et al., 2015).
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METHOD

Study participants were randomly selected to partic-
ipate twice on two consecutive days, with two male par-
ticipants in the first week and two female participants in 
the second week, one week apart. A total of four auditory 
stimulations were administered during their two ses-
sions, each session (Part 1 and Part 2) having two stim-
ulations. The room was kept dark and quiet, and the par-
ticipants were read a 1-minute relaxation script written 
by the Sponsor prior to each session. The same relaxation 
script was used for each session. 

The four-day study began on October 31, 2021. All 
four subjects were tested at the same times on all four 
days to control for circadian rhythms, which may impact 
response to BB (Atwater, 2001; Rossi, 1986; Shanna-
hoff-Khalsa, 1991; Webb & Dube, 1981). 

The following was the schedule:

Week 1 	Day 1: Subject 1 -9 am, Subject 2 – 1 pm
Day 2: Subject 2- 9 am, Subject 1 – 1 pm

Week 2	 Day 3: Subject 3- 9 am, Subject 4 – 1 pm
Day 4: Subject 4- 9 am, Subject 3 – 1 pm

 
Each participant listened to the control track first 

and then the BB-enhanced track second so that we could 
clearly measure the difference between the Control Con-
dition and the BB Condition. Subjects 1 and 3 began Day 
1 at 9 am with Part 1 (Conditions 1 and 2), and subjects 2 
and 4 began Day 1 at 1 pm with Part 2 (Conditions 3 and 
4). This allowed everyone to listen to their four musical 
tracks at the same time of day. The two sequences were: 
Part 1: Condition 1 (brown noise only) and Condition 2 
(brown noise plus binaural beats) and Part 2: Condition 
3 (brown noise plus music) and Condition 4 (brown noise 
plus music plus binaural beats). 

The study Sponsor provided the four auditory stimu-
lation files, which were unidentified except for numbers 
1 to 4, to provide a double-blind condition. The dou-
ble-blind condition was met by keeping the track identi-
ties secret; neither the participants nor the lab assistant 
knew which track contained which condition. The tracks 
were presented to the lab only named 1- 4, so no one 
knew what those numbers represented. All audio tracks 
were 10 minutes long due to research showing a duration 
of at least 8 minutes is needed for the brain to resonate 
to the offered frequencies (Garcia-Argibay et al., 2019). 
The control condition was met by having each audio con-
dition created both with and without the BB and present-
ing the non-BB condition first so that the difference could 
be tracked and measured. The study was conducted at 

PsyTek Labs, a licensed clinical and public health research 
lab, in collaboration with the California Institute for Hu-
man Science (CIHS), by principal investigator Gaétan Che-
valier, PhD, who is the Research Director. 

Headphones are required for using binaural beats. 
The study Sponsor supplied the headphones. All partic-
ipants used the same brand and serial number of head-
phones (Blue Lola Sealed Over-Ear) and the same auditory 
volume (40 dB) for all audio conditions. The musical track 
was composed in the ambient relaxation genre using pia-
no music and synthesizer pads at a tempo of 60 bpm. Bin-
aural beats were added in Protools, a professional audio 
production software. The musical track was titled Relax 
1. The BB added were Theta at 4 Hz (4 cycles per second) 
and Alpha at 8 Hz (8 cycles per second). 

These frequencies were chosen for their correlation 
to deep, inward, yet awake meditative states (Shapero & 
Prager, 2020). The carrier frequency selected was 440 Hz. 
The exact formula was 438 Hz in the left ear, 442 Hz in 
the right ear for Theta, 436 Hz in the left ear, and 444 Hz 
in the right ear for Alpha. The carrier frequency of 440 
Hz was selected due to the research that frequencies in 
this range are the most effective due to the size of the 
human skull (Atwater, 2001; Oster, 1973). The Sponsor 
chooses to disclose all formulas for the enrichment of the 
research community as a whole and invites all research-
ers to do the same. The Sponsor has previously made all 
BB dissertation research available as open source to this 
community. 

A combination Alpha-Theta frequency was chosen 
due to the findings of Garcia-Argibay et al. (2019), which 
showed that mixed frequencies were more effective. This 
was also the conclusion of pioneer researcher Atwater 
(2001). The Sponsor chose to make the BB (and brown 
noise) inaudible after reading research showing that BB 
still produces effects even when one of the carrier fre-
quencies is below hearing (Oster, 1973). The added bene-
fit of inaudible BB was the removal of the placebo effect, 
given that the BB was inaudible and no one knew when 
they were present. All tracks were the same length of 10 
minutes due to the research showing that a minimum of 8 
minutes is needed for the brain to resonate to the offered 
frequencies (Garcia-Argibay et al., 2019). Brown noise 
contains all frequencies, like white noise, but emphasiz-
es the lower frequencies and de-emphasizes the higher 
frequencies (Blum & Jamet, 2022). Research shows that 
pink noise is an effective binaural beats carrier (Garcia- 
Argibay et al., 2019). The sponsor selected brown noise 
instead due to personal preference; it is much easier and 
more pleasant to listen to 10 minutes of brown noise than 
pink noise, and brown noise is a comparable full-spec-
trum sound. The Sponsor hypothesized that adding an 
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unchanging brown noise carrier tone under the musical 
track, which has variations, would more effectively carry 
the BB. The numerical data extracted from the EEG anal-
ysis supported this outcome. Due to time limitations, the 
condition of the music and BB, without the brown noise, 
was not tested. Further research, including this condi-
tion, is recommended. 

Measures

EPI/GDV (Electro-Photonic Imaging/Gas Discharge 
Visualization). We measured the bioenergy of the subjects 
using the Gas Discharge Visualization (GDV). Electro-Pho-
tonic Imaging (EPI), also known as Gas Discharge Visualiza-
tion (GDV), is an advanced form of Kirlian photography de-
veloped by Korotkov et al. (2010). This technology produces 
an electric impulse, which generates a response of the sub-
ject in the form of electron and photon emission. The glow 
of the photon radiation owing to the gas discharge gener-
ated from the electromagnetic field is captured by a digital 
camera and processed by sophisticated software where a 
report can be generated. 

WAVi P300. The instrument used to measure the 
functioning of the brain was the brain scan platform WAVi 
P300 Brain Mapping System. WAVi is a non-invasive, HI-
PAA-compliant brain measurement platform that provides 
data about brain function using EEG technology to mea-
sure brain activity in response to a stimulus (Grover et al., 
2017; Joffe et al., 2021; Oakley et al., 2021; Tarrant et al., 
2019). WAVi can be considered as research-friendly since 
EEG with audio P300 has been used in health screening 
exams for research conducted by hospitals and clinics for 
clinical evaluations (Joffe et al., 2021). The P300 wave is 
an electrical response of the brain that shows the brain’s 
response to stimuli as well as how quickly or easily the 
response occurs (Tarrant et al., 2019). P300 is considered 
to be an endogenous potential, as its occurrence links not 
to the physical attributes of a stimulus but to a person’s 
reaction to it. More specifically, the P300 is thought to 
reflect processes involved in stimulus evaluation or cate-
gorization. The EEG signals are processed, and the P300 
is extracted by the WAVi software.  

Menlascan. Menlascan (Menla Technologies, Inde-
pendence, Missouri) provided measurements on the car-
diovascular system in response to the auditory stimulus, 
which refers to the heart (cardio) and blood vessels (vas-
cular). This system distributes blood to all parts of the 
body and is governed by the autonomic nervous system 
(ANS). The ANS is a component of the peripheral nervous 
system that regulates involuntary physiologic processes, 
including heart rate, blood pressure, respiration, diges-
tion, and sexual arousal (Waxenbaum et al., 2022). Mi-

crocirculation is blood flow through the smallest vessels 
of the cardiovascular system. The most important results 
here are the improvement of cardiovascular and microcir-
culation scores as the ANS is prone to rapid changes with 
emotions.

Big Five Inventory. The theory of five basic person-
ality traits (Big Five) was developed by D. W. Fiske (1949). 
The five basic personality traits described by the theory 
include extraversion/extroversion, agreeableness, open-
ness, conscientiousness, and neuroticism. Evidence of 
this theory has been reported by researchers including 
Kachur et al. (2020), and in meta-analyses by Buecker et 
al. (2020), Mammadov (2022), and Plessen et al. (2020).

BMIS Assessments. The Brief Mood Introspection 
Scale (BMIS) is an open-source mood scale based on 
16 mood adjectives such as “Are you ‘happy’? (Mayer & 
Gaschke, 1988). The scale yields measures of moods in-
cluding pleasant-unpleasant mood, arousal-calm mood, 
as well as scores for positive-tired and negative-calm 
mood (Mayer & Gaschke, 1988). The scale has been vali-
dated in numerous studies, including Aldrich et al. (2021), 
Flexer et al. (2021), and Nugraha et al. (2020). In order to 
evaluate any possible correlation between subjective as-
sessment and quantitatively gathered data, participants 
filled out a BMIS form after each condition. Seven of the 
eight forms were completed. In addition to present-time 
mood assessments, an overall mood assessment on a 
scale of 1 to 10 was requested. 

Participants

The experimental group consisted of four healthy 
adults. Random sampling recruitment started on October 
14, 2021, by posting flyers, electronic marketing, and by 
snowball sampling. The pilot study flyer was advertised 
for individuals who were looking to take a break from 
their stress and experience profound relaxation. All par-
ticipants read and signed a standard Informed Consent 
form prior to participation in the study. Written informed 
consent was obtained from the individuals for the pub-
lication of any potentially identifiable images or data. 
Exclusionary criteria included having a serious illness or 
inability to abstain from medication or stimulants on the 
days of the study. The four participants were all in good 
health according to the demographic data they provided; 
any minor health conditions and medications are noted 
below. See supplemental files for further information.

SUBJECT 1 is a 52-year-old male  (DOB  7/31/1969) 
dealing with high blood pressure and a stress level of 5 
on a scale of 1 to 10. Subject 1 experiences stress due to 
money and career ambition, which affects his emotion-
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al health, and he is looking for help regulating sleep and 
lowering his stress levels. Exercise and meditation work 
for this individual. 

SUBJECT 2 is a 46-year-old male (DOB 9/9/72) expe-
riencing little stress in his life, a three on a scale of 1-10, 
and reports no other physical, mental, or sleep issues, 
just managing high blood pressure with the medication 
Norvasc. He is looking to enjoy the retirement phase of 
his life. He is just beginning his journey into self-care. 

SUBJECT 3 is a 33-year-old female (DOB 02/04/1988) 
who has a stress level of 5 on a scale of 1 to 10. Subject 3 
experiences stress due to work and relationships, which 
affects her emotional and physical health. She would like 
to achieve more relaxation, lower her stress, and sleep 
better. Her self-care program involves relaxation music 
which helps her to fall asleep at night immediately. She 
reports no significant physical or mental issues and is 
taking no medications. 

SUBJECT 4 is a 52-year-old female (DOB 3/22/1969) 
who has predominantly anxiety at a level of 3 on a scale 
of 1 to 10. Subject 4 experiences menopausal symptoms 
such as anxiety and poor sleep, for which she takes Biju-
va. Her anxiety is amplified by work and poor organiza-
tion/planning ahead skills, and she would like to use BB 
to experience greater relaxation. She has tried over-the-
counter sleep aids.

RESULTS

The combined results for each study participant were 
as follows. The combined three WAVi P300 measure-
ments for each study participant are presented first with 
the bioenergy results. The Menlascan results are summa-
rized at the end. See supplementary summary charts for 
CZ Theta Beta Assessment Scores, F3/F4 Alpha Assess-
ment Scores, and Menlascan Scores. There is also a sam-
ple bioenergy reading.

Subject 1 

State CZ Theta Beta Assessment Scores. Subject 
one began with a control score of 2.1, which lowered 

dramatically to .8 when BB was introduced to the brown 
noise. In the second session, the number lowered dra-
matically again from 2.7 to 1.1 when BB was introduced 
to the music.

State F3/F4 Alpha Assessment Score. Subject 1 ex-
perienced the opposite of the expected outcome, instead 
showing a lowering of numbers from .7 to .2 when BB was 
added to the brown noise, indicating a more negative pro-
cessing mode rather than a more positive mode. Howev-
er, it correlated with his personal assessment, in which 
Subject 1 reported the brown noise as intolerable, saying: 
“Felt a “white noise” calm almost “ocean” but over time it 
became less calming and almost causing mild discomfort 
like if I was trapped in a loud “machine” room. When the 
headset was removed, it was a relief.” By contrast, when 
BB was added to the music in session 2, the expected pos-
itive increase from .7 to 1.5 was achieved. 

Scalp Topography. Figure 1 shows the scalp topogra-
phy of the brain response for each session for Subject 1. 
In Session 1, we see that his otherwise calm brain became 
more attentive in the frontal area after brown noise, in-
dicating thinking, but adding the BB in Session 2 moved 
the activity to the middle of the brain (location of the CZ 
point), indicating psychomotor or sensory processing. 
Condition 3 of music only created a very active brain, 
especially in the frontal areas. Condition 4 with the BB 
calmed down all but the frontal brain, a possible indica-
tion of the positive effects of BB. 

Bioenergy. Subject 1’s bioenergy rose after listening 
to brown noise plus BB from 22011 area and 94% symme-
try to 23325 area and 94% symmetry. Listening to music 
plus brown noise plus BB caused an increase to 25205 
area and 94% symmetry.

Subject 2

State CZ Theta Beta Assessment Scores. Subject 2 
began with a control score of 2.3, which lowered dramat-
ically to 1.5 when BB was introduced to the brown noise. 
In the second session, the number lowered again from 2.6 
to 2.5 when BB was introduced to the music. 

State F3/F4 Alpha Assessment Score. Subject 2 be-

Figure 1. Scalp Topography of Brain Response: Subject 1.
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gan with a control score of 0.5, which expectedly rose to 
0.9 when BB was added to the brown noise. When BB was 
added to the music in session 2, again, the expected pos-
itive increase from 1.0 to 1.1 was achieved.  

Scalp Topography. Figure 2 shows scalp topography 
for each session for Subject 2. The brain of Subject 2 be-
came slightly more attentive after adding BB in Session 
2 in the area of sensorimotor integration. There was not 
much overall activity in response to the first two brown 
noise Conditions. The music in Sessions 3 and 4 seems 
to have had a profound effect on the brain of this subject 
in the left and temporal areas. These brain regions corre-
spond to attention, motor planning, working and verbal 
memory, and sensorimotor integration. Adding the BB in-
creased attention in the right frontal lobe area, which is 
related to motor planning and emotional expression.

Bioenergy. Subject 2’s bioenergy rose after listening 
to brown noise and BB from the 20741 area and 94% sym-
metry to the 20741 area and 93% symmetry. Listening to 
music plus brown noise plus BB caused an increase to 
20283 area and a slight decrease in symmetry to 92%.

Subject 3

State CZ Theta Beta Assessment Scores. Sub-
ject 3 began with a control score of 1.8, which lowered 
dramatically to 1.0 when BB was introduced to the 
brown noise. In the second session, the number low-
ered again from 1.4 to 1.3 when BB was introduced to 
the music. 

State F3/F4 Alpha Assessment Score. Subject three 
began with a control score of 1.2 which rose to 1.4 when 
BB were added to the brown noise. When BB were added 
to the music in session 2, the expected positive increase 
from 0.4 to 0.9 was achieved. 

Scalp Topography. Figure 3 shows the scalp topog-
raphy of the brain response for each session for Subject 
3. It can be noted that after listening to Condition 1, her 
brain was aroused almost all over, indicating some lev-
el of agitation. After listening to Condition 2, the brown 
noise plus BB, her brain calmed down. After listening to 
Condition 3, the music track with brown noise, her brain 
became somewhat active, but not excessively, indicat-
ing that some memories were slightly activated (the top 
central yellow region) and that there was some cognitive 
processing (as shown by the bottom yellow region). After 
listening to Condition 4, the music track with brown noise 
and BB, her brain calmed down.

Bioenergy. Subject 3’s bioenergy rose after listening 
to brown noise and BB from 18909 area and 87% symme-
try to 22289 area and 93% symmetry. Listening to music 
plus brown noise plus BB caused an increase to 20932 
area and symmetry to 93%.

Subject 4

State CZ Theta Beta Assessment Scores. Subject 
4 began with a control score of 1.0, which lowered to 
0.9 when BB were introduced to the brown noise. In the 
second session, the number did not decrease, but rose 

Figure 2. Scalp Topography of Brain Response: Subject 2.

Figure 3. Scalp Topography of Brain Response: Subject 3.
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from 0.9 to 1.5 when BB were introduced to the music. 
The unexpected increase may be attributed to processing 
of memories. Adding BB increased her bioenergy signifi-
cantly. 

State F3/F4 Alpha Assessment Score. Subject 4 be-
gan with a control score of 1.1, which rose to 1.4 when BB 
was added to the brown noise. When BB was added to the 
music in session 2, again, the expected positive increase 
from 1.1 to 1.8 was achieved. 

Scalp Topography. Figure 4 shows the scalp to-
pography of Subject 4 for each session. It can be noted 
that after listening to Condition 1, brown noise, her brain 
was aroused almost all over, indicating some level of ag-
itation. After listening to Condition 2, the brown noise 
plus BB, her brain relaxed quite a bit. After listening to 
Condition 3, the music track with brown noise, her brain 
became active in the central lower central region of the 
brain, a region performing cognitive processing. After lis-
tening to Condition 4, the music track with brown noise 
and BB, her brain calmed down further, with the middle 
of the brain slightly active, a region performing sensorim-
otor integration.

Bioenergy. Subject 4’s bioenergy rose after listening 
to brown noise and BB from 13521 area and 65% symme-
try to 18728 area and 915% symmetry. Listening to mu-
sic plus brown noise plus BB caused an increase to 19927 
area and symmetry to 94%.

Menlascan

The Menlascan results provided measurements of 
the cardiovascular system and microcirculation. The 
most important results here are the improvement of 
cardiovascular and microcirculation scores as the ANS is 
prone to rapid changes with emotions. Subject 1 had the 
highest microcirculation score with Condition 2, brown 
noise and BB, and an increased cardiovascular score from 
Condition 4, music and BB (although just the control mu-
sical track increased cardiovascular as well). For subject 
2, there was no improvement with Condition 2, brown 
noise, and BB. Condition 4, music, and BB increase both 

the cardiovascular and microcirculation score. 
For subject 3, our introverted subject, we see the 

least effect, with both Condition 1, brown noise and Con-
dition 2, brown noise and BB, increasing only cardiovas-
cular score, and Condition 4, music and BB providing only 
a mild cardiovascular improvement. In subject 4, there is 
a mild improvement only in cardiovascular after Condi-
tion 2, brown noise and BB, Condition 3 and Condition 4.  

DISCUSSION

In conclusion, Subject 1 became more attentive af-
ter Session 2 and Session 4, a possible indication of the 
positive effects of BB. Additionally, the brain of this sub-
ject became calmer after Session 4, a possible additional 
benefit of combining BB with music. Subject 1 had the 
highest microcirculation score with Session 2, brown 
noise and BB, and an increased cardiovascular score from 
Session 4, music and BB (although just the control musi-
cal track increased cardiovascular as well). These results 
agree with a personality that is conscientious and open. 

Subject 2 became more attentive after Session 2 and 
had a more positive mood. Adding BB to brown noise and 
to music with brown noise seems to have helped this sub-
ject to be more present and have a more positive mode of 
processing information. The cardiovascular and microcir-
culation results were unremarkable. Overall, this subject 
has an excellent cardiovascular system. These results are 
consistent with the personality of this subject, which is 
very stable emotionally, with tendencies toward agree-
ableness and openness. After listening to the music track 
with brown noise, Subject 3’s brain became somewhat 
active but not excessively, indicating that some memories 
were slightly activated.

After listening to the music track with brown noise 
and BB, her brain calmed down. A notable change that 
occurred when comparing before and after listening to 
Condition 2, brown noise and BB, is a decrease in micro-
circulation score that is unexpected. Also, unexpectedly, 
after listening to brown noise with BB, the cardiovascu-
lar score dropped as well. However, when Subject 3 came 

Figure 4. Scalp Topography of Brain Response: Subject 4.
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to the lab the next day (day 2), her microcirculation and 
cardiovascular scores had improved, possibly from the 
effects of the BB. After listening to Condition 3, music 
with brown noise, the only change is a decrease in micro-
circulation score. Maybe she did not like the music? This 
subject is more of an introvert than an extrovert. Perhaps 
here we see the interaction of this quality, and the above 
results are related to this feature of her personality?

After listening to Condition 2, the brown noise and 
BB, Subject 4’s brain relaxed quite a bit. The same hap-
pened when listening to Condition 4, music plus brown 
noise and BB. She has a positive processing brain (F3/F4 
scores), which has become even more so after adding BB. 
Subject 4’s Menlascan scores did not change much after 
listening to brown noise, with the exception of the cardio-
vascular score going down. However, this score improved 
after listening to Condition 2, brown noise with BB. After 
listening to Condition 4, music plus brown noise with BB, 
both her microcirculation and cardiovascular scores im-
proved. BB seems to be enhancing whatever this subject 
hears. Subject 4 has strong tendencies toward Agree-
ableness and Conscientiousness. Maybe she did not like 
brown noise alone, but she liked the music, which miti-
gated the effect of the brown noise. Adding BB seems to 
have the effect of increasing this subject’s scores. 

Based on these results, all four recipients respond-
ed positively to therapeutic relaxation from listening 
to BB. For the most part, they left the lab feeling better 
and more relaxed than when they arrived, per our data 
and their own BMIS self-assessment—especially after 
BB was added to relaxation music. Given their individual 
preferences and needs, the Sponsor would recommend 
Alpha-Theta relaxation BB music as a form of meditation 
for Subjects 1, 3, and 4. It is best to listen to music for 10 
minutes a day, and headphones must be worn. The best 
times are during morning or evening meditation practice 
times or in the afternoon for rest and recharge or inte-
gration of a busy day. Subjects 1, 3, and 4 would benefit 
from Delta BB sleep tracks, which are best listened to be-
fore sleep. And subject two would benefit from an active 
meditation, such as an Alpha-Theta BB walking tracks. 
Subject 2 would also benefit from Alpha-Theta BB tracks 
for creativity as he plans the second chapter of his life 
in retirement. Subject 3 would also find support for their 
menopausal lack of focus and disorganization with Beta 
BB focusing tracks. These recommendations essentially 
lay the framework for future studies with large sample 
sets of individuals, consistently using the BB tracks 10 
minutes a day, Monday through Friday, for a period of six 
weeks. A home measurement device to measure the brain 
would need to be employed, as well as self-assessment 
questionnaires. There is particularly the question of how 

menopausal women would respond to BB, given the hor-
monal component of the response to BB (Tobias, 1965). 

The Sponsor chose a within-subject design to specif-
ically test all independent control variables (noise, noise 
and BB, music, music, and BB) on all subjects, wanting 
to know if adding the BB into the exact same condition 
would provide any differences at all. As it happens, it did. 
In order to make sure that each condition was cleanly 
measured, we gave enough time for participants to re-
turn to baseline conditions, in addition to having part one 
and part two on two different days, but it is important 
to remember that the brain always changes and a new 
baseline had to be established for each experiment. Ei-
ther way, four subjects are not enough to conduct sta-
tistical analysis or to do between-subject comparisons. 
What this study hopes to illustrate is that it is import-
ant to begin to develop protocols for studying BB so that 
larger studies can be conducted and their results can be 
compared.

The scalp topography maps illustrate the impact of 
the four auditory conditions on the electrical activity of 
the brain, changing its activity in response to the control 
state. In most instances, we are seeing a calmer brain 
when BB is added to the auditory condition. The CZ The-
ta Beta scores and F3/F4 Alpha scores presented a clear 
path toward observing the impact of the BB conditions 
on the specific frequency bands in the brain. Here, we are 
able to trace the changes in the brainwaves as they re-
spond to different conditions. Although the sample set is 
small, 14 out of 16 measurements were as expected. This 
is a clear indication that this biometric is a strong choice 
for further studies with larger sample sets.

Overall, there is a mild increase in relaxation metrics 
such as cardiovascular and microcirculation scores, and 
there is not enough data to be conclusive. Bioenergy also 
improved for each subject. The Sponsor hopes to model 
an excellent method for studying the effects of BB on the 
cardiovascular system, but a larger sample size is needed 
for any true narrative to be discovered.

As regards the circadian rhythms component of the 
experiment, there was no way to discern a difference be-
tween the morning and afternoon data because they were 
experiencing different conditions. In fact, the design of 
the experience was such that everyone did the same thing 
at the same time for the express purpose that there be no 
difference in the data. Accounting for circadian rhythm is 
an important and suggested protocol for testing stimula-
tion therapies, including BB (Atwater, 2001; Rossi, 1986; 
Shannahoff-Khalsa, 1991; Webb & Dube, 1981).

Given the research, we would expect to see that the 
introverted subject is less affected than the extroverted 
subjects (Chaieb et al., 2015; Stelmack et al., 1993), and 
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we have hypothesized a potential difference, but again, 
there is not enough data to come to a full conclusion. 
Either way, the Sponsor wants to model that this data 
should be included in every BB study, given the research 
that introversion and extroversion are pertinent factors 
(Chaieb et al., 2015). There is a growing field of person-
ality assessment and music preferences, indicating that 
these factors are of importance (Anderson et al., 2021; 
Rentfrow et al., 2011). A similar study with a greater num-
ber of participants is suggested.

IMPLICATIONS AND APPLICATIONS

The results of the present case study are encour-
aging. Further study into brainwave response to BB can 
contribute to potential therapeutic applications. It is rec-
ommended that further research be performed using dif-
ferent ranges of BB, varying amounts of exposure time, 
and a combination of multiple frequencies of BB to iden-
tify the most effective applications.  

CONCLUSION

The aim of this case study is to assess the effects 
of adding BB to music and to brown noise on the brain, 
bioenergy, and physiology of four study participants who 
were seeking relief from stress and/or relaxation. As seen 
in the scalp topography maps and the cardiovascular data 
in particular, each participant had very different respons-
es to the four auditory conditions, yet data from the brain 
activity of all four participants showed in visual and nu-
merical representation that the effects of BB were deeply 
embedded within the mind. All four study participants 
experienced an improvement in brain function and had a 
calmer brain after adding BB to brown noise or to music 
plus brown noise. Most also showed an improvement in 
microcirculation or cardiovascular score after listening to 
music, plus brown noise and BB. Since the BB was not au-
dible, these effects could not be attributed to the placebo 
effect.

Listening to BB has been shown to induce synchroni-
zation of the brain hemispheres (Solca et al., 2016), and BB 
helps us to study or to affect cognitive brain function (Be-
cher et al., 2015; Beauchene et al., 2016; Garcia-Argibay 
et al., 2019). When BB is used in a well-researched, con-
scious, evidence-based manner, there is a large amount of 
evidence showing that BB can be helpful in the categories 
of sleep (Bang et al., 2019; Gantt et al., 2017; Jirakitta-
yakorn & Wongsawat, 2018; Lovati et al., 2019), anxiety 
(Garcia-Argibay et al., 2019; Isik et al., 2017), stress (Gantt 
et al., 2017), brain function (Gao et al., 2014; Reedijk et al., 
2015), attention/cognition (Axelsen et al., 2020; Colzato, 
Barrone et al., 2017; Garcia-Argibay et al., 2019; Lim et al., 

2018), memory (Colzato, Steenbergen, & Sellaro, 2017; 
Gálvez et al., 2018; Lim et al., 2018); nervous system (Da 
Silva Júnior et al., 2020), trance/meditation (Jirakittaya-
korn & Wongsawat, 2018; Perales et al., 2019), and as an 
analgesic (Garcia-Argibay et al., 2019; Gkolias et al., 2020; 
Perales et al., 2019). Gao et al. (2014) specifically suggest-
ed that treatments to improve clarity, focus, and sleep, 
deepen meditation relaxation, increase working memo-
ry and episodic memory, and support ADHD may be the 
proper application of this tool. In addition, they discussed 
Theta as a possible antidote for the Beta overwhelm that 
frequently occurs in patients with schizophrenia and de-
pression (Krasnoff, 2021). 

There are still many BB studies that show inconclu-
sive or no effects (López-Caballero & Escera, 2017; Lovati 
et al., 2019; Munro & Searchfield, 2019; Perez et al., 2020; 
Solcá et al., 2016). This relatively new research field is still 
determining its parameters. Inconclusive studies could 
possibly be the result of selecting the wrong brainwave 
for the wrong task. Theta brainwaves are expected to in-
duce relaxation but not increase focus, and we see Pluck 
and López-Águila (2019) conducted a controlled, dou-
ble-blind experiment to explore the effect of Theta (6 Hz) 
BB on cognitive fluency and fear. Beta brainwaves would 
have been a more expected choice for this study. In other 
studies, such as López-Caballero and Escera (2017), we 
see a usage time of 3 minutes for the BB when research 
tells us that we need a minimum of 8 minutes (Garcia-Ar-
gibay et al., 2019). Inconclusive and negative result stud-
ies are essential for determining the parameters of this 
technology. What was once the main theory that BB op-
erates through the process of entrainment is now a dis-
cussion about stochastic resonance, brain regulation, the 
RAS, and neurotransmitters (Krasnoff, 2021). These are 
key research directions that will benefit the field of BB. 

Lastly, it should be remembered that each auditory 
brain is different, representing the sum total of an indi-
vidual’s life experiences (Kraus, 2021). The auditory brain 
is a living system that teaches itself how to interpret 
sound and how to hear that sound with each afferent/
efferent loop in the auditory pathway we call hearing 
(Kraus, 2021). Therefore, no two brains will respond the 
same to any auditory condition. What this means is that 
each individual must be individually diagnosed, assessed, 
and treated when it comes to sound. A relaxation track 
for one individual might be a lullaby, and for another in-
dividual, a heavy metal group like Metallica. In this pilot 
study, we can see that brain activity responds differently 
to all auditory conditions, which underlines that individ-
ual responses must be taken into account. Large sample 
sets help to offset these individual differences. The re-
sults of the study are encouraging in terms of developing 
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musical products incorporating BB to affect human neu-
ral rhythms and corollary states of consciousness. This 
research represents a bridge between sound technology 
and neuroscience. 

Strengths. The strengths of this case study include 
the consistency of the time spent on data gathering. 
All testing was done at the same time of day so that all 
participants could account for circadian rhythm. The BB 
were inaudible, which eliminated the placebo effect, and 
sequenced into the experiment such that we could imme-
diately see whether there was a change or not. The study 
was double-blinded and was conducted with two control 
conditions. 

Limitations. Limitations of this case study included 
the small number of participants – four. A small sample 
size may make it difficult to determine if a particular out-
come can be generalized to a larger population. There 
was a geographic limitation of the sample since all partic-
ipants were from the same area near the research labo-
ratory site. Since study participants were not confined to 
the laboratory during the duration of the study, external 
conditions could have influenced their response to the 
auditory stimulation.

These results are encouraging and warrant further 
research with more participants and different frequencies 
of BB and different musical tracks. Further study into the 
use of binaural beats for augmenting brainwaves can help 
diversify the knowledge about potential therapeutic uses. 
Investigations using large sample sets, different ranges of 
binaural beats, varying amounts of exposure time, a com-
bination of multiple frequencies of beats, different carrier 
frequencies, and more sophisticated statistical analysis 
(Atwater, 2001; Chaieb et al., 2015; da Silva Júnior et al., 
2020; Gkolias et al., 2020; Huang et al., 2008; Solcá et al., 
2016) are recommended to identify the most effective use 
of such strategies. 

ACKNOWLEDGMENTS

We are very grateful to the study participants for 
their valuable collaboration in this research. EK would 
like to thank her treasured dissertation chair, Allan Les-
lie Combs, for his constant, knowledgeable, and invalu-
able feedback and support over the eight years of this 
dissertation and research, and her esteemed committee 
members, GC and Alfonso Montuori. She would also like 
to thank her academic editor, Anne Koosed. She would 
also like to thank her family and friends, especially her 
husband and son, for their unstinting support during this 
sizeable and significant life commitment. Another special 
thank you to GC at PsyTek Labs, EK’s principal investiga-
tor and co-author, without whom this profoundly serious 

exploration would not have been possible. Also, thank 
you to Thomas Brophy and CIHS, whose support for this 
project has been invaluable.

AUTHOR CONTRIBUTIONS

Elizabeth Krasnoff, Ph.D.: Sponsor - Writing – Editing – Su-
pervision – Auditory software – Method - Conceptualization. 
Gaétan Chevalier: Principal Investigator, Research Direc-
tor
Conflict of Interest
Elizabeth Krasnoff, Ph.D discloses a conflict of interest. 
She uses binaural beats in her sound medicine practice. 
She also makes and sells binaural beats products.
Data Availability
Data Files available on Figshare: https://figshare.com/s/
cfc3ca4e38bc88008ad4 (General link to use prior to pub-
lication)

REFERENCES

Abdullah, N. I., Bakar, O. C., Omar, A., Murat, Z. H., & Se-
lamat, M. I. (2014, December). Bioenergy frequency 
measurement of stressed and non-stressed individ-
uals using resonant field imaging (RFI) frequency 
counter. In 2014 IEEE Conference on Biomedical Engi-
neering and Sciences (IECBES) (pp. 667-671). IEEE. 

Aldrich, B., Goins, H., & Anwar, M. (2021, September). 
Interpreting keystrokes to ascertain human mood. 
In 2021 Third International Conference on Transdisci-
plinary AI (TransAI) (pp. 112-115). IEEE. https://doi.
org/10.1109/TransAI51903.2021.00028

Anderson, I., Gil, S., Gibson, C., Wolf, S., Shapiro, W., Se-
merci, O., & Greenberg, D. M. (2021). “Just the way you 
are”: Linking music listening on Spotify and personal-
ity. Social Psychological and Personality Science, 12(4), 
561–572. https://doi.org/10.1177/1948550620923228

Atwater, F. H. (2001). Binaural beats and the regulation 
of arousal levels. Proceedings of the TANS, 1(I1-2), 1-17. 
https://archive.org/details/tmi-research-regula-
tion-of-arousal-levels

Avan, P., Giraudet, F., & Büki, B. (2015). Importance of bin-
aural hearing. Audiology and Neurotology, 20(1), 3-6. 
https://doi.org/10.1159/000380741

Axelsen, J. L., Kirk, U., & Staiano, W. (2020). On-the-spot 
binaural beats and mindfulness reduces the effect of 
mental fatigue. Journal of Cognitive Enhancement, 4(1), 
31-39. https://doi.org/10.1007/s41465-019-00162-3

Bakaeva, Z. V., Shumov, D. E., Yakunina, E. B., Starshinov, 
Y. P., Sveshnikov, D. S., Torshin, V. I., ... & Karpov, V. I. 
(2022). The influence of music with the binaural beat 
effect on heart rate during daytime sleep in humans. 
Neuroscience and Behavioral Physiology, 52(2), 218-



88 JOURNAL OF SCIENTIFIC EXPLORATION • VOL. 38, NO 1 – SPRING 2024	 journalofscientificexploration.org 

BINAURAL BEATS AND MUSIC 						               Elizabeth Krasnoff &  Gaétan Chevalier

222. DOI 10.1007/s11055-022-01227-1
Bang, Y. R., yun Choi, H., & Yoon, I. Y. (2019). Minimal 

effects of binaural auditory beats for subclinical in-
somnia: A randomized double-blind controlled study. 
Journal of Clinical Psychopharmacology, 39(5), 499-503. 
https://doi.org/10.1097/JCP.0000000000001097

Beauchene, C., Abaid, N., Moran, R., Diana, R. A., & Leo-
nessa, A. (2016). The effect of binaural beats on verbal 
working memory and cortical connectivity. Journal of 
Neural Engineering, 14(2), Article 026014. https://doi.
org/10.1088/1741-2552/aa5d67

Becher, A. K., Höhne, M., Axmacher, N., Chaieb, L., Elger, 
C. E., & Fell, J. (2015). Intracranial electroencepha-
lography power and phase synchronization changes 
during monaural and binaural beat stimulation. Euro-
pean Journal of Neuroscience, 41(2), 254-263. https://
doi.org/10.1111/ejn.12760

Blum, D., & Jamet, A. (2022). Can brown noise turn off your 
brain? New York Times. https://www.nytimes.com/in-
teractive/2022/09/23/well/mind/brown-noise.html

Buecker, S., Maes, M., Denissen, J. J., & Luhmann, M. 
(2020). Loneliness and the Big Five personality traits: 
A meta–analysis. European Journal of Personality, 
34(1), 8-13. https://doi.org/10.1002/per.2229

Chaieb, L., Wilpert, E. C., Reber, T. P., & Fell, J. (2015). Au-
ditory beat stimulation and its effects on cognition 
and mood states. Frontiers in Psychiatry, 6, Article 70. 
https://doi.org/10.3389/fpsyt.2015.00070

Colzato, L. S., Barone, H., Sellaro, R., & Hommel, B. 
(2017). More attentional focusing through binaural 
beats: Evidence from the global–local task. Psycho-
logical Research, 81, 271-277. https://doi.org/10.1007/
s00426-015-0727-0

Colzato, L. S., Steenbergen, L., & Sellaro, R. (2017). The ef-
fect of gamma-enhancing binaural beats on the con-
trol of feature bindings. Experimental Brain Research, 
235, 2125-2131.

da Silva Júnior, M., de Freitas, R.C., da Silva, W.W.A., Ro-
drigues, M.C.A., Conde, E.F.Q., dos Santos, W.P. (2020). 
Using Artificial Neural Networks on Multi-channel 
EEG Data to Detect the Effect of Binaural Stimuli in 
Resting State. In G. Naik, (eds) Biomedical signal pro-
cessing. Series in BioEngineering. 99-136. Springer. 
https://doi.org/10.1007/978-981-13-9097-5_6

Deshpande, P. B., Korotkov, K., & Kowall, J. P. (2016). Bio-
energy measurements for predictive medical diagno-
sis. Journal of Consciousness Exploration & Research, 
7(2). 1 -10.

Dove, H. W., & Moser, L. F. (Eds.). (1839). Repertorium der 
Physik: Bd.(1839) IX. Akustik von A. Röber und F. Strehl-
ke. X. Theoretische Optik von [G.] Rädicke. XI. Meteorol-
ogie [von HW Dove (Vol. 3). Veit & Company. 

Fiske, D. W. (1949). Consistency of the factorial struc-
tures of personality ratings from different sources. 
The Journal of Abnormal and Social Psychology, 44(3), 
329–344. https://doi.org/10.1037/h0057198

Flexer, A., Lallai, T., & Rašl, K. (2021). On evaluation of 
inter-and intra-rater agreement in music recom-
mendation. Transactions of the International Society 
for Music Information Retrieval, 4(1), 182+ https://doi.
org/10.5334/tismir.107

Gálvez, G., Recuero, M., Canuet, L., & Del-Pozo, F. (2018). 
Short-term effects of binaural beats on EEG power, 
functional connectivity, cognition, gait and anxi-
ety in Parkinson’s disease. International Journal of 
Neural Systems, 28(05), Article 1750055. https://doi.
org/10.1142/S0129065717500551

Gantt, M. A., Dadds, S., Burns, D. S., Glaser, D., & Moore, 
A. D. (2017). The effect of binaural beat technology 
on the cardiovascular stress response in military ser-
vice members with postdeployment stress. Journal 
of Nursing Scholarship, 49(4), 411–420. https://doi.
org/10.1111/jnu.12304

Gao, X., Cao, H., Ming, D., Qi, H., Wang, X., Wang, X., ... & 
Zhou, P. (2014). Analysis of EEG activity in response 
to binaural beats with different frequencies. Inter-
national Journal of Psychophysiology, 94(3), 399-406. 
https://doi.org/10.1016/j.ijpsycho.2014.10.010

Garcia-Argibay, M., Santed, M. A., & Reales, J. M. (2019). 
Efficacy of binaural auditory beats in cognition, anxi-
ety, and pain perception: A meta-analysis. Psycholog-
ical Research, 83(2), 357-372. https://doi.org/10.1007/
s00426-018-1066-8

Gkolias, V., Amaniti, A., Triantafyllou, A., Papakonstanti-
nou, P., Kartsidis, P. et al., (2020). Reduced pain and 
analgesic use after acoustic binaural beats therapy 
in chronic pain‐A double‐blind randomized control 
cross‐over trial. European Journal of Pain, 24(9), 1716-
1729. https://doi.org/10.1002/ejp.1615

Grover Jr, F., Weston, J., & Weston, M. (2017). Acute effects 
of near infrared light therapy on brain state in healthy 
subjects as quantified by qEEG measures. Photomed-
icine and Laser Surgery, 35(3), 136-141. https://doi.
org/10.1089/pho.2015.4036

Hansen, J. N., & Lieberman, J. A. (2014). Studies of a 
human bioenergy field using a torsion pendulum 
balance. Journal of Alternative and Complementary 
Medicine, 20(5), A31-A31. https://doi.org/10.1089/
acm.2014.5077.abstract

Huang, T. L., & Charyton, C. (2008). A comprehensive 
review of the psychological effects of brainwave en-
trainment. Alternative Therapies in Health and Medi-
cine, 14(5), 38-50. 

Isik, B. K., Esen, A., Büyükerkmen, B., Kilinç, A., & Men-



89journalofscientificexploration.org 	 JOURNAL OF SCIENTIFIC EXPLORATION • VOL. 38, NO 1– SPRING 2024

Elizabeth Krasnoff &  Gaétan Chevalier             					                              BINAURAL BEATS AND MUSIC

ziletoglu, D. (2017). Effectiveness of binaural beats in 
reducing preoperative dental anxiety. British Journal 
of Oral & Maxillofacial Surgery, 55(6), 571–574. http://
dx.doi.org/10.1016/j.bjoms.2017.02.014

Jirakittayakorn, N., & Wongsawat, Y. (2017). Brain re-
sponses to a 6 Hz binaural beat: Effects on gener-
al theta rhythm and frontal midline theta activity. 
Frontiers in Neuroscience, 11, Article 365. https://doi.
org/10.3389/fnins.2017.00365

Joffe, D., Oakley, D. S., Lucini, F. A., & Palermo, F. X. 
(2021). Measurements of EEG alpha peak frequen-
cies over the lifespan: Validating target ranges on 
an in-clinic platform. bioRxiv, 2021-10. https://doi.
org/10.1101/2021.10.06.463353

Kachur, A., Osin, E., Davydov, D., Shutilov, K., & Novok-
shonov, A. (2020). Assessing the Big Five personali-
ty traits using real-life static facial images. Scientific 
Reports, 10(1), 1-11. https://doi.org/10.1038/s41598-
020-65358-6

Korotkov, K. G., Matravers, P., Orlov, D. V., & Williams, B. 
O. (2010). Application of electrophoton capture (EPC) 
analysis based on gas discharge visualization (GDV) 
technique in medicine: a systematic review. Journal of 
Alternative and Complementary Medicine, 16(1), 13-25. 
https://doi.org/10.1089/acm.2008.0285

Krasnoff, E. W. (2021). Effects of auditory binaural beats 
on consciousness and the human nervous system: 
A transdisciplinary review of the evidence. Cali-
fornia Institute of Integral Studies ProQuest Dis-
sertations Publishing, 2021. 28491011. https://doi.
org/10.1016/j.brs.2021.10.365

Kraus, N. (2021). Of sound mind: How our brain constructs 
a meaningful sonic world. MIT Press. https://doi.
org/10.7551/mitpress/13606.001.0001

Lim, J. H., Kim, H., Jeon, C., & Cho, S. (2018). The effects on 
mental fatigue and the cognitive function of mechan-
ical massage and binaural beats (brain massage) pro-
vided by massage chairs. Complementary Therapies in 
Clinical Practice, 32, 32-38. https://doi.org/10.1016/j.
ctcp.2018.04.008

Lakatos, P., Karmos, G., Mehta, A. D., Ulbert, I., & Schro-
eder, C. E. (2008). Entrainment of neuronal oscilla-
tions as a mechanism of attentional selection. Sci-
ence, 320( 5872), 110-113. https://doi.org/10.1126/
science.1154735

López-Caballero, F., & Escera, C. (2017). Binaural beat: A 
failure to enhance EEG power and emotional arous-
al. Frontiers in Human Neuroscience, 11, Article 557. 
https://doi.org/10.3389/fnhum.2017.00557

Lovati, C., Freddi, A., Muzio, F., & Pantoni, L. (2019). Binau-
ral stimulation in migraine: Preliminary results from 
a 3-month evening treatment. Neurological Sciences, 

40(1), 197-198. https://doi.org/10.1007/s10072-019-
03803-9

Mammadov, S. (2022). Big Five personality traits and 
academic performance: A meta‐analysis. Journal of 
Personality, 90(2), 222-255. https://doi.org/10.1111/
jopy.12663

Mayer, J. D., & Gaschke, Y. N. (1988). The experience 
and meta-experience of mood. Journal of Person-
ality and Social Psychology, 55, 102-111. https://doi.
org/10.1037/0022-3514.55.1.102

Munro, B. A., & Searchfield, G. D. (2019). The short-term 
effects of recorded ocean sound with and without al-
pha frequency binaural beats on tinnitus perception. 
Complementary Therapies in Medicine, 44, 291-295. 
https://doi.org/10.1016/j.ctim.2019.05.005

Nugraha, E., Wibowo, R., & Firmansyah, H. (2020, Febru-
ary). Mood states and game performance in invasion 
game activities: A correlation study among elemen-
tary school students. In 4th International Confer-
ence on Sport Science, Health, and Physical Education 
(ICSSHPE 2019) (pp. 95-98). Atlantis Press.  https://
doi.org/10.2991/ahsr.k.200214.027

Oakley, D. S., Fosse, K., Gerwick, E., Joffe, D., Oakley, D. A. 
et al., (2021). P300 parameters over the lifespan: Vali-
dating target ranges from an in-clinic platform. bioRxiv, 
2021-10. https://doi.org/10.1101/2021.10.25.465715

Oster, G. (1973). Auditory beats in the brain. Scientific 
American, 229(4), 94-103. https://doi.org/10.1038/
scientificamerican1073-94

Perales, F. J., Riera, L., Ramis, S., & Guerrero, A. (2019). 
Evaluation of A VR system for pain management us-
ing binaural acoustic stimulation. Multimedia Tools 
and Applications, 78, 32869–32890. https://doi.
org/10.1007/s11042-019-07953-y

Perez, H. D. O., Dumas, G., & Lehmann, A. (2020). Binaural 
beats through the auditory pathway: From brainstem 
to connectivity patterns. Eneuro, 7(2), Article ENEU-
RO.0232-19.2020. https://doi.org/10.1523/ENEU-
RO.0232-19.2020

Plessen, C. Y., Franken, F. R., Ster, C., Schmid, R. R., Wolf-
mayr, C. et al., (2020). Humor styles and personali-
ty: A systematic review and meta-analysis on the 
relations between humor styles and the Big Five 
personality traits. Personality and Individual Differ-
ences, 154, Article 109676. https://doi.org/10.1016/j.
paid.2019.109676

Pluck, G., & López-Águila, M. A. (2019). Induction of fear 
but no effects on cognitive fluency by theta frequen-
cy auditory binaural beat stimulation. Psychology & 
Neuroscience, 12(1), 53-64. https://doi.org/10.1037/
pne0000166\

Prakash, S., Chowdhury, A. R., & Gupta, A. (2015). Mon-



90 JOURNAL OF SCIENTIFIC EXPLORATION • VOL. 38, NO 1 – SPRING 2024	 journalofscientificexploration.org 

BINAURAL BEATS AND MUSIC 						               Elizabeth Krasnoff &  Gaétan Chevalier

itoring the human health by measuring the biofield 
“aura”: An overview. International Journal of Applied 
Energy Research, 10, 27654-27658.

Pratt, H., Starr, A., Michalewski, H. J., Dimitrijevic, A., 
Bleich, N., & Mittelman, N. (2010). A comparison of 
auditory evoked potentials to acoustic beats and to 
binaural beats. Hearing Research, 262(1-2), 34-44. 
https://doi.org/10.1016/j.heares.2010.01.013

Reedijk, S. A., Bolders, A., Colzato, L. S., & Hommel, B. 
(2015). Eliminating the attentional blink through 
binaural beats: A case for tailored cognitive enhance-
ment. Frontiers in Psychiatry, 6, Article 82. https://doi.
org/10.3389/fpsyt.2015.00082

Rein, G. (1995). The in vitro effect of bioenergy on 
the conformational states of human DNA in 
aqueous solutions. Acupuncture & Electro-Ther-
apeutics Research, 20(3-4), 173-180. https://doi.
org/10.3727/036012995816357005

Rentfrow, P. J., Goldberg, L. R., & Levitin, D. J. (2011). The 
structure of musical preferences: A five-factor mod-
el. Journal of Personality and Social Psychology, 100(6), 
1139–1157. https://doi.org/10.1037/a0022406

Roshani, B., Rezaei, M., Azadi, P., & Jalilian, A. (2019). The 
effect of binaural beat music on reducing anxiety and 
pain and increasing satisfaction of ophthalmic ambu-
latory surgery patients. Journal of Kermanshah Univer-
sity of Medical Sciences, 23(4), Article 99914. https://
doi.org/10.5812/jkums.99914

Rossi, E. L. (1986). Altered states of consciousness in ev-
eryday life: The ultradian rhythms. In B. Wolman & 
M. Ullman (Eds.), Handbook of States of Consciousness 
(pp. 97–132). Van Nostrand Reinhold.

Royal Academy of Arts and Sciences. (2022). H.W. 
Dove (1803-1879). https://dwc.k aw. l/biog afi /bi-
ografisch-apparaat/pmk aw/?pagetype=authorD 
tail&aId=PE00000016

Shannahoff-Khalsa, D. (1991). Lateralized rhythms of the 
central and autonomic nervous systems. Internation-
al Journal of Psychophysiology, 11(3), 225-251. https://
doi.org/10.1016/0167-8760(91)90017-R

Shapero, E. J., & Prager, J. P. (2020). ILF neurofeedback 
and alpha-theta training in a multidisciplinary 
chronic pain program. In H. W. Kirk (Ed.) Restoring 
the Brain: Neurofeedback as an Integrative Approach to 
Health (pp. 223-243). Routledge.

Solcà, M., Mottaz, A., & Guggisberg, A. G. (2016). Bin-
aural beats increase interhemispheric alpha-band 
coherence between auditory cortices. Hearing Re-
search, 332, 233–237. https://doi.org/10.1016/j.
heares.2015.09.011 

Stelmack, R. M., Campbell, K. B., & Bell, I. (1993). Ex-
traversion and brainstem auditory evoked poten-
tials during sleep and wakefulness. Personality and 
Individual Differences, 14(3), 447-453. https://doi.
org/10.1016/0191-8869(93)90314-S

Tarrant, J. M., Raines, N., & Blinne, W. R. (2019). The ef-
fects of meditation on twin hearts on P300 values: 
A repeated measures comparison of nonmeditators 
and the experienced. Integrative Medicine, 18(2), 36-
41.

Thompson, S. P. (1877). XXXVI. On binaural audition. The 
London, Edinburgh, and Dublin Philosophical Magazine 
and Journal of Science, 4(25), 274–276. https://doi.
org/10.1080/14786447708639338

Tobias, J. V. (1965). Consistency of sex differences in binau-
ral-beat perception. International Audiology, 4(2), 179-
182. https://doi.org/10.3109/05384916509074132

Webb, W. B., and Dube, M. G. (1981). Temporal character-
istics of sleep. In J. Valsiner (Ed.), Handbook of Behav-
ioral Neurobiology, Vol. 4. (pp. 499-522). Springer.

Waxenbaum, J. A., Reddy, V., & Varacallo, M. (2019). Anat-
omy, autonomic nervous system. StatPearls Publish-
ing. 




