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Introduction: The brain waves pattern in primary insomniacs is different from healthy 
subjects. Studies have shown that binaural beats can alter the pattern of brain waves in healthy 
individuals; however, the efficacy of binaural beats in altering the pattern of brain waves in 
primary insomniacs has not yet been investigated. This study aims to evaluate the efficacy of 
theta binaural beat on the absolute power of theta activity in primary insomniacs.

Methods: This study was a randomized clinical trial with experimental and control groups. 
The primary insomniacs received theta binaural beats in the experimental group while the 
control group received white noise. Their brain waves were recorded by electroencephalogram 
for 25 min; the first 5 min was without stimulus (first block), the next was followed by 15 min 
of receiving stimulus (binaural beat or white noise), and the last 5 min without stimulus (fifth 
block). The Matlab software, version R2019a, EEGLAB toolbox, and SPSS software, version 
24 were used to analyze the data.

Results: The absolute power of theta activity in the experimental group was significantly 
higher in the last block compared to the first block in all brain lobes (P<0.05). The largest 
changes in theta activity were in the temporal and parietal lobes, and the last one was in the 
prefrontal lobe. In the control group, none of the brain lobes showed significant differences in 
the last block compared to the first block.

Conclusion: Theta binaural beat can alter the absolute power of theta activity in primary 
insomniacs. The implications of the study are discussed.
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1. Introduction

leep is a psycho-physiological and natural 
phenomenon associated with decreased 
consciousness toward the environment; 
however, this is not always the case. People 
with sleep problems experience this phe-

nomenon differently. Insomnia is one of the most com-
mon of these problems. According to the diagnostic and 
statistical manual of mental disorders-5th Edition (DSM-
5), insomnia is a complaint of inadequate or nonrestor-
ative sleep with difficulties in onset, maintenance of ear-
ly morning sleep, and wakefulness (Association, 2013), 
if not accompanied by significant psychiatric comorbid-
ity and physical illness, it is known as primary insom-
nia (De Zambotti et al., 2011). The incidence of primary 
insomnia is about 2% to 4% and it imposes huge costs 
on the economy of any country (Ohayon et al., 2012). 
These cases indicate the need for further investigation of 
primary insomnia.

The electroencephalogram (EEG) activity of sleep and 
wakefulness can be calculated by power spectral den-
sity (PSD) at different frequencies or frequency bands 
(e.g. delta [0.5 to 4 Hz], theta [4 to 8 Hz], alpha [8 to 
12 Hz], sigma [12 to 16 Hz], Beta I [16 to 20 Hz], and 

Beta II [20 to 30 Hz]). Several quantitative electroen-
cephalographic (QEEG) studies have been performed to 
investigate arousal during sleep and wakefulness in peo-
ple with insomnia (Appleton et al., 2019; Christensen 
et al., 2019; Kwan et al., 2018; McCloskey et al., 2019; 
Perrin et al., 2019; Tang et al., 2019) and various evi-
dence, including increased beta (Fernandez-Mendoza et 
al., 2019; Lamarche & Ogilvie, 1997; Wołyńczyk-Gmaj 
& Szelenberger, 2011) and gamma (Knyazev, 2012; 
Makeig & Jung, 1996) at different stages of sleep and 
during wakefulness have been discussed. Other studies 
have also focused on cortical arousal and its association 
with insomnia and given that gamma, beta, and alpha 
frequencies in insomnia patients during the sleep-wake 
transition are higher compared to healthy individuals 
(Cervena et al., 2014; Figueredo-Rodriguez et al., 2009; 
Maes et al., 2014). Likewise, the prefrontal cortex and 
hindbrain connections have been identified as trigger ar-
eas in insomnia patients as they attempt to sleep (Corsi-
Cabrera et al., 2017). In 2010, Tononi showed higher 
beta power and density in the frontal cortex and left-
sided areas in insomnia patients than in healthy controls 
(Tononi, 2010). These studies showed that in the EEG 
structure of sleep and wakefulness in primary insomni-
acs, changes have been observed; therefore, they can be 
altered through specific interventions.

Highlights 

• Theta binaural beat can be effective in changing the brain wave pattern of primary insomniacs.

• The amount of changes in the absolute power of theta wave activity in different brain regions of primary insomniacs 
under the influence of theta binaural beat was not the same.

• The effect of theta binaural beat on temporal and parietal was higher than other brain areas, whereas the prefrontal 
and occipital had the least significant changes in the absolute power of theta activity.

Plain Language Summary 

Different people experience different brain waves based on the type of activity they do in their life at the same time. 
This brain wave pattern can change especially after a person decides to go to bed and experience an ideal sleep. Theta 
brain wave, which plays a role in important activities such as memory, deep relaxation, and day-dreaming, helps a 
person to change from wakefulness to sleep faster. Research literature has shown that people with insomnia have dif-
ferent brain waves than healthy people, especially in the theta brain wave. Accordingly, many interventions have been 
carried out to improve the sleep quality of these people and change their brain waves. It has been shown that binaural 
beat as a low-cost method based on sound waves, can change the brain waves of healthy people, but so far, no study 
has been done to investigate the effect of these sound waves (especially theta waves) on the brain waves of people 
with insomnia. The current study was conducted with the aim of investigating a non-invasive method (theta binaural 
beat) to improve the brain wave pattern of people suffering from insomnia. The findings of this study showed that theta 
binaural beat can be effective in changing the brain wave pattern of people suffering from insomnia.
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A range of interventions has been performed to im-
prove sleep in insomniac patients, including medication 
and psychological interventions (Morin et al., 2007; 
Schroeck et al., 2016). These interventions are usually 
costly and have a slow and varied impact on sleep struc-
ture; however, there is a range of noninvasive interven-
tions that can influence the pattern of brain waves at a 
lower cost. Binaural beats are among these interventions.

Binaural beats are illusions that can be considered a 
type of neurological or cognitive coordination (Turow & 
Lane, 2012; Vernon, 2009). When two tones with slight-
ly different frequencies reach each ear, for example, a 
335 Hz tone to the right ear and a 345 Hz tone to the left 
ear, mentally, a 10 Hz binaural is perceived. When lis-
tening to two different tones, most people hear only one 
tone that fluctuates in its frequency or loudness as a beat 
(Oster, 1973). Some researchers believe that the binaural 
beat responses occur in the right hemisphere (Draganova 
et al., 2007; Magezi & Krumbholz, 2010; Schwarz & 
Taylor, 2005) and some consider the responses depen-
dent on the other hemisphere (Chakalov et al., 2014; 
Pratt et al., 2010). In addition, the areas of the brain 
that are activated during audio stimulation and cause 
this illusion are not fully understood. The binaural beat 
generates excitatory conditions that ultimately result in 
specific neural firing patterns in the inferior colliculus 
that can reflect a binaural beat (Hancock et al., 2017). 
Through this process, the pattern of the brain waves is 
entrained by the difference in the frequency of character-
istics of the two heard tones (binaural beat). Numerous 
studies have investigated the effects of binaural beats on 
entrainment, such as mood (Perales et al., 2019), relax-
ation (Lee-Harris et al., 2018; Sharma et al., 2017), at-
tention and memory (Beauchene et al., 2017; Colzato 
et al., 2017; Garcia-Argibay et al., 2017; Shekar et al., 
2018), and other psycho-physical problems. However, 
their exact effect is still unknown. The beat frequency is 
important due to neural synchronization; therefore, beta 
waves are fast brainwaves that are associated with think-
ing, focusing, and processing information, alpha waves 
with relaxed attention, theta waves with memory, deep 
relaxation and day-dreaming and delta waves with deep 
sleep (Thatcher et al., 2009). This pattern of brain waves 
is important in exploring the state of consciousness 
(Murat et al., 2011) which is also seen in the structure 
of sleep. For example, a study by Abeln et al. (Abeln 
et al., 2014) investigated the effect of binaural beats on 
subjective sleep quality and the improvement of mental 
health in athletes. They were stimulated with binaural 
beats of about 2 to 8 Hz every night before bedtime for 8 
weeks. The findings showed that the subjective’s quality 
of wakefulness, sleep, and motivational state was signifi-

cantly improved in the binaural group; however, it did 
not affect their physical state. In another study, Seifiala 
et al. examined the cumulative effects of the binaural 
beat of theta on brainpower and functional connectivity 
in 15 healthy subjects via EEG, the findings showed that 
the relative power of theta activity was significantly ob-
served in parietal and temporal segments, but such effect 
was not observed in the prefrontal, frontal, and central 
areas. Besides, no significant change was observed in 
the absolute power of the different frequency bands in 
any area of the brain (Seifiala et al., 2018). These studies 
showed that binaural beats can alter the pattern of brain 
waves in healthy individuals but do not provide enough 
information concerning people with certain disorders, 
such as insomnia.

Based on the above information, regarding the impact 
of binaural beats on the EEG structure, and cognitive and 
psychological processes, we hypothesized that binaural 
beats could influence the brain wave structure of prima-
ry insomniacs as well as healthy individuals. Moreover, 
theta waves are associated with memory, deep relax-
ation, and day-dreaming, and it has been shown that be-
fore bedtime, the frequency of brain waves is gradually 
reduced (Finelli et al., 2000; Guerrero & Achermann, 
2019). Accordingly, to achieve deep sleep (more delta 
wave activity), an individual must also experience theta 
frequency. As noted earlier, the impact of theta binaural 
beat is mostly seen on the parietal, temporal, and pos-
terior cortical areas (Seifiala et al., 2018), which dif-
fers from cortical activity in primary insomniacs. These 
people experience over-stimulation in the prefrontal ar-
eas (Perrier et al., 2015). Yet, if binaural beats work to 
change the patterns of primary insomniac brainwaves, 
it will provide a scientific breakthrough for implement-
ing a new, low-cost, non-invasive way to improve these 
people. This study aims to evaluate the efficacy of theta 
binaural beat on the absolute power of theta activity in 
primary insomniacs.

2. Materials and Methods

Study participants 

The statistical community consisted of people with 
primary insomnia who live in Kermanshah City, Iran. 
Based on inclusion and exclusion criteria, 31 adults 
with primary insomnia (15 females) were selected and 
evaluated (Table 1). The inclusion criteria were provid-
ing informed consent, diagnosis of insomnia in a clinical 
interview by a psychiatrist, insomnia severity score at 
the clinical level (ISI >15), severe neurological and psy-
chiatric disorders, healthy physical and hearing status, 
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abstinence from alcohol, and medication consumption 
12 h before the intervention, no history of drug abuse, 
no cardiovascular problems, and no pregnancy in female 
participants. The exclusion criteria were any discomfort 
as a result of hearing the sounds and unwillingness to 
continue performing the protocol for any reason.

Intervention protocol

Each participant was evaluated in two sessions. The 
first session was for diagnosing primary insomnia 
through the clinical interview of DSM-5, completing the 
insomnia severity index (ISI), as well as assessing the 
inclusion and exclusion criteria along with their willing-
ness to participate in the study. The subjects were ran-
domly divided into intervention and control groups. The 
randomization method was that participants were asked 
to choose one of two closed envelopes that contained ex-
perimental or control words. In the second session (inter-
vention session), as the baseline, the participants were at 
first evaluated by EEG for 5 min with closed eyes. Then, 
they were stimulated with theta binaural beat or white 
noise for 15 min (with closed eyes), during that time, the 
EEG was recorded. Finally, 5 min after the intervention, 
EEG was again recorded without any binaural beat and 
white noise. All participants were assessed at the same 
time of day (11:00 AM). Based on research blocks, EEG 
recording changes were compared. The intervention pro-
tocol consisted of 5 blocks as shown in Table 1. The ex-
perimental group received binaural beats in the theta fre-
quency range. Accordingly, binaural beat stimulation for 
this study was specifically designed through Audacity 
software, version 3.3.3 (created by Audacity team) and 
provided through headphones recommended by Light et 
al. (Light et al., 2010). A 250 Hz carrier tone to the right 
ear and a 256 Hz offset tone to the left ear of the partici-
pants in the experimental group were presented and the 
impact of 6 Hz binaural beat (in the theta domain) was 
investigated. The control group received white noise. 
White noises are random signals with the same inten-
sity at different frequencies (Carter & Mancini, 2017). It 
is a statistical model for signals and their sources rather 
than any specific (e.g. theta) signal (Stein, 2012). Other 

studies have also used this type of signal as a placebo in-
tervention (Coull et al., 2004; Davidson & Smith, 1991; 
Terzano et al., 1988). The method of data recording and 
research blocks are shown in Table 1.

Electroencephalographic processing

The recording time for EEG signals was 25 min for 
each participant. According to specific criteria, the sig-
nals were collected in 5 min intervals. These include 
clear signals without noise, artifacts, and blinking ef-
fects. Components associated with direct current power 
fluctuations were eliminated by a 1-hertz high-pass at 
zero-phase butterworth filter. The fast fourier transform 
was performed to convert the signal from the time do-
main to the frequency domain. The absolute power of 
the theta activity was also used for statistical analysis, 
which was performed by the Matlab software, version 
R2019a and the EEGLAB toolbox. The cortical areas 
and their associated channels are shown in Table 2.

Statistical analysis

The data were analyzed using SPSS software, ver-
sion 24. Before performing any other statistical tests, 
the data were assumed to be normal according to the 
Kolmogorov-Smirnov test (P>0.05). The chi-square test 
was used to compare the number (frequency) of the two 
experimental and control groups. The independent t-test 
was also used to examine the differences between the 
two groups in terms of mean age. The dependent t-test 
was also used to compare the Mean+SD of the absolute 
power of theta activity in the experimental and control 
groups as well as to find significant differences between 
the electrodes in different blocks and also compared 
them to the pre-test.

Research tools

Insomnia severity index

ISI is a standard inventory that measures the severity 
of insomnia in the past 2 weeks and has 5 questions. The 
minimum and maximum scores are also between 0 and 
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After Intervention
Pure Theta Binaural Beat

Before Intervention 5 min
3rd 5 min2nd 5 min1st 5 min

Block 5
Block 4Block 3Block 2

Block 1
White noise without binaural beat
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28 (Yazdi et al., 2012). A score of 0 to 7 indicates no sig-
nificant insomnia, 8 to 14 below the clinical threshold, 15 
to 21 moderate clinical insomnia, and a score of 22 to 28 
indicates severe clinical insomnia. This test was first pre-
sented and used by Morin et al. Its construct validity was 
0.72 and its reliability with the Cronbach α method was 
0.74 and 0.78 (Bastien et al., 2001; Yazdi et al., 2012). 

Electroencephalography 

EEG is a physiological way of recording the electri-
cal activity produced by the brain. It is done by placing 
electrodes on the surface of the scalp. EEG signals which 
were used in this study were produced from 19 active 
electrodes based on the 10-20 system overhead with a 
sampling frequency of 512 Hz (Seifiala et al., 2018).

3. Results

Out of 31 participants, 15 were female. According to 
Table 3, no significant difference was observed between 
the mean age of men and women who participated in this 

study. There was also no significant difference between 
the two groups regarding the mean age and frequency 
of male and female participants (P>0.05). Meanwhile, 
no significant difference was detected between the two 
groups in terms of severity of insomnia (P>0.05).

Table 4 presents the comparison of the absolute power of 
theta activity in the experimental and control groups. Ac-
cording to this table, the absolute power of theta activity 
in the experimental group who received theta binaural beat 
was significantly higher in the last block, compared to the 
first block, in all brain lobes (P<0.05). The largest changes 
in theta activity were in the temporal and parietal lobes, and 
the least was in the prefrontal lobe. In the control group, 
none of the brain lobes showed significant differences in the 
last block compared to the first block.

Table 5 shows the exact position of the electrodes that 
showed a significant difference in the experimental group 
compared to the first block (pre-test) based on the mean 
of the absolute power of theta activity. This table clearly 
shows specific areas of the brain that have undergone 
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Table 2. Cortical areas of the brain and its associated channels (in 5 min)

ChannelsCortical Areas

Fp1, Fp2, F7, F8Prefrontsl

F3, Fz, F4Frontal

C3, Cz, C4Central

T3, T4, T5, T6Temporal

P3, Pz, P4Parietal

O1, O2Occipital

Table 3. Demographic characteristics of the participants

Parameters
Mean/No. (%)

P
Experimental Control

Age (y) 26.88±3.01 27.01±2.97 0.24

Male 26.24±3.44 26.58±3.37 0.44

Female 27.87±2.04 28.03±2.15 0.10

Gender
Male 8(50) 8(53.33)

0.09
Female 8(50) 7(46.67)

Insomnia severity 17.24±1.44 17.19±1.19 0.14

http://bcn.iums.ac.ir/
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significant changes in the absolute power of theta activ-
ity in each brain lobe and block of research. Accordingly, 
the third block of the study showed the most changes in 
the levels of the electrodes, while in the second block, 
none of the electrodes showed any significant difference.

4. Discussion

This study aimed to investigate the efficacy of theta bin-
aural beat in altering the pattern of the absolute power of 
theta activity in primary insomniacs. The findings of this 
study indicated the theta binaural beat’s effect on all brain 
lobes compared to the pre-test (block 1), along with alter-
ing the absolute power of theta activity. However, white 
noise did not affect any of the brain lobes. Seifiala et al. 
(2018) investigated the cumulative effects of binaural 
beats of theta on brain power and functional connectivity 
in healthy subjects through an EEG (Seifiala et al., 2018). 
According to their findings, although the relative power 
of theta activity changes in parietal, temporal, and occipi-
tal lobes was significant; however, it was not in anterior, 
frontal, and central areas. No significant changes were 

observed in the absolute power of different frequency 
bands in any parts of the brain in healthy subjects. These 
results are not in line with the present study. Some of 
the most important factors that explain this conflict in 
findings are the differences in the design of intervention 
protocol, statistical community, and binaural beat music 
which was used in two studies. On one hand, the 7-Hz 
binaural beat which was used in Seifiala et al. research 
was combined with 10% pink noise and presented to par-
ticipants at different times. On the other hand, the sta-
tistical population of the two studies was also different, 
which should have an important impact.

As previously mentioned, the pattern of brain waves 
in primary insomniacs was different from healthy sub-
jects. Corsi-Cabrera et al. in 2016 showed that primary 
insomniacs experience more arousal in the anterior and 
posterior brain regions, which was distinctly different 
from healthy subjects (Corsi-Cabrera et al., 2016). The 
present study strongly showed that although the degree 
of changes in the absolute power of theta activity was 
not the same in different regions, primary insomniacs 

Table 4. Comparison of Mean+SD of absolute power of theta activity in experimental and control groups

Brain Area

Experimental Control

Mean±SD
P

Mean±SD
P

Pre-test Post-test Pre-test Post-test

Prefrontal 5.3349±1.7339 6.0704±1.0231 0.0122 5.6542±1.6959 5.2314±1.6959 0.1192

Frontal 6.7862±1.5935 8.5423±1.222 0.0101 6.6956±1.5828 6.6399±1.4725 0.2611

Central 6.4475±1.5699 8.8912±1.9761 0.0078 6.0998±1.5003 6.1294±1.4974 0.1831

Temporal 6.9985±1.0955 9.9238±2.0988 0.0038 6.7684±1.1645 6.7998±1.1998 0.1715

Parietal 6.7999±1.2979 9.4329±2.1249 0.0048 6.7819±1.1995 6.8015±1.1872 0.2110

Occipital 6.2241±1.5565 7.2453±1.2987 0.0119 6.3999±1.3997 6.4798±1.4476 0.0912

Table 5. Cortical positions that showed a significant difference (P<0.05) in the absolute power of theta activity in the experi-
mental group in each block compared to the pre-test based on the dependent t-test (block 1)

Electrode PositionsResearch Blocks

-2

Fp1, Fp2, F3, F4, F7, Fz, C3, Cz, P3, P4, Pz, O1, O23

Fp1, Fp2, F3, F4, F7, Fz, Cz, P3, P4, Pz, O1, O24

Fp2, F7, F3, F4, Fz, Cz, P4, O25
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were significantly influenced by theta binaural beats in 
all areas of the brain. This inequality of effect is a confir-
mation of the hypothesis that different areas of the brain 
are affected by different frequencies (Laufs et al., 2003). 
Meanwhile, the efficacy of theta binaural beats on pri-
mary insomniacs is differentiated from healthy subjects 
(Seifiala et al., 2018).

The effect of theta binaural beat on temporal and pari-
etal areas was higher than other brain segments, whereas 
the prefrontal and occipital regions had the least sig-
nificant changes in the absolute power of theta activity. 
Also, the electrode’s significant changes in the absolute 
power of theta activity compared to the first block of re-
search (pre-test) confirm this result. On the other hand, 
a study by Wołyńczyk-Gmaj and Szelenberger investi-
gated wake EEG in insomnia patients and found that the 
density of beta waves in different brain areas was higher 
than in good sleepers (Wołyńczyk-Gmaj & Szelenberg-
er, 2011). Beta waves are at a frequency of at least 16 
Hz and are responsible for thinking concentration, and 
processing of information, and are in high exact den-
sity when insomniacs want to go to sleep [Sleep-onset] 
(Fernandez-Mendoza et al., 2019; Lamarche & Ogilvie, 
1997). In good sleepers, while falling asleep, the fre-
quencies of the brain waves gradually decrease, thereby 
passing through the surface of theta waves to the delta 
(Guerrero & Achermann, 2019). Theoretically, primary 
insomniacs tend to process and concentrate on everyday 
information when trying to calm their attention, achieve 
deep relaxation and day-dreaming (Carciofo et al., 2017; 
Nie et al., 2015). In the present study, it has been shown 
that theta binaural beat can alter the pattern of brain 
waves in these areas in line with the major activity of 
beta waves.

5. Conclusion

Based on the data obtained from EEG in primary in-
somniacs and considering the limitations, the present 
study has two major implications: 1) Theta binaural beat 
through entrainment can alter the absolute power of the-
ta activity in primary insomniacs; 2) The theta binaural 
beat can probably affect information processing and re-
laxation when people try to sleep (sleep-onset).

Study limitations

Following, the limitations of the study are explained. 
Since the study participants were primary insomniacs 
and were taking medication at the time of diagnosis, the 
type and dose of the medication were not controlled. In 
future studies, it is recommended that primary insomni-

acs be screened for the same type and dose of the medi-
cation. The small sample size was another limitation; 
therefore, to generalize the findings of this study, it is 
recommended to use a larger sample size in future stud-
ies. Due to the high cost of data recording, the analysis 
of the least valid and reliable sample size was used. Yet, 
it was not possible to investigate changes in subcortical 
tissue and function through sophisticated brain imaging 
modalities, such as positron emission tomography, poly-
somnography, or functional magnetic resonance imaging. 
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