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Abstract

Background and Objective: In previous studies, multiple interventions to improve sleep quality were suggested in
students with insomnia based on different results. The present study aimed to investigate the effects of combined binau-
ral beat treatment on improving sleep quality in students with insomnia.

Materials and Methods: This was a randomized clinical trial, which included all students living in Neyshabur, Khora-
san Razavi Province, Iran, in 2020. In terms of inclusion criteria, 34 students (12 women) were assigned randomly into
two control (n = 17) and experimental groups (n = 17). A combined binaural beat treatment (a, 6, and 8) and sleep hy-
giene guidelines were given to the experimental group, but the control group only received the same sleep hygiene
guidelines. Insomnia Severity Index, Sleep Hygiene Index, and Pittsburgh Sleep Quality Index were research instru-
ments for this purpose. The results were analyzed with SPSS software.

Results: The effect of the combined binaural beats on ISI (F = 31.16, P < 0.001), sleep hygiene (F = 39.15, P < 0.001),
and sleep quality (F = 14.15, P < 0.001) of students with insomnia was apparent during multivariate analysis of covari-
ance (MANCOVA). The highest and lowest effects on the total value of sleep (effect size = 0.58) and the SHI (effect
size = 0.35) were achieved by combined binaural beat treatment.

Conclusion: The combined binaural beats (a, 6, and 8) improve total sleep quality, sleep hygiene, and ISI of students
with insomnia. Besides, such a treatment can be utilized as a modern non-invasive intervention.
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analytical study has revealed that around 56 per-
cent of Iranian students sleep less (8). This em-
phasizes the need for further research and proper
interventions among university students for less
sleep and insomnia.

Several interventions were proposed to im-
prove students' sleep quality, most frequently
pharmacotherapy (9) and psychological therapy
(10). However, sometimes the operations are lon-
gitudinal and costly and cause different effects
(11). Latest reports tend to indicate low-cost,
short-term treatments with fewer side effects. One
of the modern interventions is the non-invasive
impact of binaural beats on brain waves (12). Bin-

Introduction

University students have psychological dis-
tress, which can raise many problems such as in-
terpersonal relationship problems (1), academic
failure (2), the orientation toward drug abuse (3),
and loss of routine performance (4). One of their
most important issues is insomnia (5), a complaint
of insufficient sleep that has been identified by
some initial problems in sleep maintenance and a
wake-up period of at least three months (6). Ac-
cording to Taylor et al., 9.5% of university stu-
dents are diagnosed with insomnia (7). A meta-
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aural beats are sound wave types that can induce
wave patterns by their rate (13). The waves are
made to become an illusion if two tones reach
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each ear with small frequencies (13). If a ton of
210 Hz reaches the right ear, for example, and a
tone of 216 Hz reaches the left ear, a binaural beat
of 6 Hz is created (in theta range). Frequency is of
concern, as many studies have shown that each
frequency area has specific psychological proper-
ties (14). Therefore, the alpha (8-12 Hz), beta
(rapid brain waves, above 12 Hz), delta (< 4 Hz),
and theta (4-8 Hz) waves were related to medita-
tion and relaxation, to thinking, focusing, and
processing information, to information thought,
focus, and processing, and to deep sleeping and
deep meditation and fantasy, respectively (15).

The brain wave pattern plays a vital role in the
erosion of consciousness mode (16); therefore, the
frequency of dominant brain waves varies de-
pending on the type of activity, such as studying,
working, and sleeping. Several studies investigat-
ed the effects (in various frequencies) of binaural
beats on people with clinical disorders or healthy
people. The combination of theta binaural beats
and Autonomous Sensory Meridian Response
(ASMR) was considered in a study, which showed
that it could affect non-rapid eye movement
(NREM) sleep phase 1 in healthy individuals (17).
This study shows that binaural beats can be a mod-
ern method to improve sleep quality (17). The ef-
fects of binaural beats on the quality of mental
sleep and the improvement in physical and mental
health (combined 2-9 Hz binaural beat for eight
weeks) were examined by Abeln et al. The results
indicated that in the binaural intervention group,
mental quality and mode of incentive sleep signifi-
cantly increased (18). Bavafa et al. carried out a
study to analyze the effect of theta binaural beats
on the pattern of brain waves of people with stage
1 insomnia. The study showed that theta binaural
beats could change brain wave patterns in clinical
population through training. They also suggested
more research to explore the impact of binaural
beats on people with insomnia (19).

When the brain wave frequency decreases
slowly before sleep (20), combined binaural beats
appear to help change people’s brain waves who
have insomnia. A literature review revealed that
there was limited research on this subject. There-
fore, the purpose of the present study was to as-
sess the efficacy of combined binaural beats to
improve sleep quality and insomnia in students.

Materials and Methods
Participants: The trial was a randomized clinic-
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al trial. The students with insomnia studying at the
Islamic Azad University of Neyshabur, Ney-
shabur, Iran, were studied in 2020 as the statistical
population. Thirty-four students with insomnia
(12 women) studying at the Islamic Azad Univer-
sity of Neyshabur were included, taking into ac-
count the inclusion and exclusion criteria. The
inclusion criteria were informed consent, the se-
verity of clinical insomnia [Insomnia Severity
Index (ISI) > 15], the diagnosis of insomnia in a
clinical interview by a psychiatrist, lack of severe
psychiatric and neurologic comorbid disorders
which necessitate taking psychiatric medicines,
absence of alcohol and drug abuse, normal hear-
ing, absence of cardiovascular diseases (CVDs),
absence of pregnancy in female participants, and
not residing in dormitories. The exclusion criteria
were not proceeding with the testing technique,
exciting any discomfort when the binaural beats
were detected, taking additive materials during the
research stage, and not enforcing the intervention
protocol more than two consecutive days a month
(overall intervention period). Participants were
randomly assigned into control (n = 17) and ex-
perimental (n = 17) groups by picking up the
packages with CG (control group) and EG (exper-
imental group) letters (Figure 1).

Intervention protocol: The pretest was distrib-
uted following the decision of the community of
participants. Experimental students were asked to
listen to the blended binaural beats (a, 6, and d)
before falling asleep at 22:00 for 30 days for
30 minutes and follow sleep hygiene guidelines
(Table 1). The participants were recalled by text
messaging every night at 21:30 for bedtime. A
mixture of o, 0, and 6 waves is available on
YouTube (https://www.youtube.com/watch?v =
HePFOXIKzE&t = 100s). Only 30 minutes of this
track was used in this research.

Table 1. Sleep hygiene rules [Soleimani et al. (21)]

Sleep hygiene rules

Wake up every day at a specified time (even at the weekend)
Do not take a nap in the daytime

Do not take alcohol, caffeine, or nicotine, particularly in the
last hours of the day

Do not have heavy meals

Provide appropriate environmental conditions (light, sound,
normal bed, etc.)

Do physical activities, e.g., daytime exercises or walking,
on a regular basis

Take a warm shower before sleeping

Avoid any activity in the bed (e.g., watching TV), except
for sleeping or sex
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Willingness and satisfaction
to participate in research
(n=49)

A 4

Confirmation of inclusion
criteria and randomization
(n=37)

Withdrawal due to

non-continuation of the [
intervention protocol
(n=1)

Withdrawal due to

A

Experimental group
Completion of pre-test
(n=18)

incomplete assess-
ments (n = 2)

Control group
Completion of pre-test
(n=19)

Control group
»| Completion of pre-test
(n=17)

Experimental group
Completion of pre-test
(n=17)

Figure 1. The diagram of participants in the pretest and posttest steps

The control group did not undergo a binaural
beat, but the other words were the same for all
groups. Therefore, a combined binaural beat
treatment (a, 0, and 6) and sleep hygiene guide-
lines were given to the experimental group, but
the control group only received the same sleep
hygiene guidelines.

Research instruments

ISI: In the last couple of weeks, the index test-
ed insomnia magnitude. The index comprises five
elements with minimum and maximum values of
0 and 28 (22). The cumulative outcome is the fol-
lowing: lack of insomnia (0-7), sub-threshold in-
somnia (8-14), mild insomnia (15-21), and severe
insomnia (22-28).The construction validity for the
accurate, extreme, and satisfying indices of this
index was seen to be 0.72 in one analysis. The
reliability of the indices was from 0.74 to 0.78 in
other experiments, taking account of Cronbach's
alpha coefficient (22, 23).

Pittsburgh Sleep Quality Index (PSQI): The
index distinguished between high sleep quality
and low sleep quality over the last month (24).
PSQI comprises 19 elements and seven compo-
nents. Each object is rated by a Likert scale vary-
ing between 0 and 3, and the total of the seven
components is proportional to the overall score
(0-21). On this scale, scores > 6 represent poor
sleep quality (25). Using Cronbach's alpha coeffi-
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cient, the validity of the PSQI was reported to be
0.80, and its test-retest reliability ranged between
0.93 and 0.98 (26). The PSQI has revealed high
validity and reliability in different studies (26, 27).

Sleep Hygiene Index (SHI): This index is de-
veloped by Mastin et al. (28) to assess sleep hy-
giene behaviors. The SHI contains 13 items
(scored based on a five-point Likert scale) which
measure the frequency (ranging from never to al-
ways) of exhibiting behaviors related to biological
rhythms and bedroom environment (29). The total
scores vary from 0 to 52, with higher scores indi-
cating inappropriate sleep hygiene. Using
Cronbach's alpha coefficient, the internal con-
sistency of this scale was reported to be 0.66, and
its test-retest reliability was reported to be 0.71
(28). The Persian version of the index revealed
high reliability and validity (29).

Statistical analysis: SPSS software (version
24, IBM Corporation, Armonk, NY, USA) was
used for independent studies to compare (in years)
the subjects' age and education level and the pro-
portion of women in trials and classes of controls.
Besides, multivariate analysis of covariance
(MANCOVA) and some measures connected to
their theory were used to assess the intervention's
scale and importance. MANCOVA is one of the
inferential statistics tests, that examines the effect
of the intervention at the same time by controlling
the covariates (30).
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Table 2. Comparing the demographic information and pre-test target variables of experi-

mental and control group

Characteristics Experimental group Control group P-value
Age (year) 24.15+3.11 24.07 £ 3.22 0.11
Gender

Men 25.07£3.15 2497 +3.24 0.09

Women 23.26 £3.16 23.19+3.32 0.11
Female gender 6 (35.29) 6 (35.29) >0.99
Education (year) 1524 +2.11 14.89 +£2.02 0.07
Marital status

Single 12 (70.58) 11 (64.70) 0.19

Married 5 (29.42) 6 (35.30) 0.13
ISI (pre-test) 19.31+2.15 18.72 £ 2.55 0.08
PSQI (pre-test) 8.83+1.31 8.02+1.44 0.10
SHI (pre-test) 38.11+7.15 34.15+8.77 0.06

Data are reported as mean + standard deviation (SD) or number and percentage
ISI: Insomnia Severity Index; PSQI: Pittsburgh Sleep Quality Index; SHI: Sleep Hygiene Index

Ethical considerations: Informed consent
forms were filled out, and details about the
essence and safety of binaural beat music were
obtained. The confidentiality of study details
was promised to participants. The Ethics Commit-
tee of the Islamic Azad University, Neyshabur
Branch, has confirmed this report
(IR.JAU.NEYSHABUR.REC.1399.028).

Results

The demographic information of the partici-
pants is depicted in table 2; according to this
table, there was no significant difference between
the two experimental and control groups in terms
of age, gender, level of education, and marital
status. The mean values of the participants’ age
and level of education were 24.55 + 2.99 and
14.92 + 2.30 years, respectively. The table also
shows that there was no significant difference be-
tween the control and experimental groups based
on the variables of ISI, sleep quality, and sleep
hygiene in the pre-test stage.

Table 3 shows the mean value and standard de-
viation (SD) of the total scores of ISI, sleep quality,
and sleep hygiene, indicating that the mean value
of the target variables is decreased in both groups.
MANCOVA was used to determine the effective-
ness of the combined binaural beat intervention.

To run this statistical test, several assumptions

should be met. The first assumption is the normali-
ty of the research data, which was tested and con-
firmed by the Kolmogorov-Smirnov test (P < 0.05).
The second assumption is the homogeneity of vari-
ances, for which Levene’s test revealed no signifi-
cant difference in variance for the target variables
(P < 0.05). Hence, the assumption was met. The
third one is associated with the analysis of homo-
geneity of regression slope of variables, indicating
no significant correlation between dependent and
independent variables. The third assumption was
also met in the present study (P < 0.05). Table 4
shows the results of the MANCOVA.

In table 4, the effect of the combined binaural
beat on the IS, sleep quality, and sleep hygiene of
students with insomnia by controlling the covari-
ates is significant. The combined binaural beats
therapy had the greatest and the least profound
effects on the total value of sleep quality (the
effect size of 0.58) and SHI (the effect size of
0.35), respectively. Therefore, according to this
table, the effect of combined binaural beats thera-
py on the total sleep quality was greater than other
target variables.

Discussion

The study examined the effect of combined
binaural beats on the sleep quality of students
with insomnia.

Table 3. Mean value and standard deviation (SD) of the total scores of Insomnia Severity Index

(1S1), sleep quality, and sleep hygiene

Variable Experimental group Control group

Pre-test (mean + SD)  Post-test (mean + SD) Pre-test (mean + SD) Post-test (mean + SD)
ISI 19.31+£2.15 15.21+£2.32 18.72 £ 2.55 16.98 £ 2.72
PSQI 8.83+131 591+1.18 8.02+1.44 6.55 + 1.65
SHI 38.11+£7.15 18.88 £9.82 34.15+£8.77 19.04 £ 10.33

ISI: Insomnia Severity Index; PSQI: Pittsburgh Sleep Quality Index; SHI: Sleep Hygiene Index; SD: Standard deviation
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Table 4. Multivariate analysis of covariance (MAN-
COVA) results

Dependent F P-value  Effectsize Statistical

variable power
ISl 31.16 <0.001 0.45 0.88
PSQI 39.15 <0.001 0.58 0.91
SHI 1415 <0.001 0.35 0.81

ISI: Insomnia Severity Index; PSQI: Pittsburgh Sleep Quality Index;
SHI: Sleep Hygiene Index

The findings showed that combined binaural
beats (alpha, theta, and delta) had a significant
effect on insomnia severity, sleep quality, and
sleep hygiene indices. The findings of many stud-
ies are consistent with the findings of this re-
search. Bavafa et al. conducted a study to analyze
the effect of theta binaural beats on changing the
brain wave pattern in individuals with insomnia
stage 1 in Iran and documented that theta binaural
beats could change the brain wave pattern of indi-
viduals with insomnia stage 1 more significantly
than white noises by inducing a certain frequency
(theta range) (19). In South Korea, Lee et al.
combined theta binaural beat music with ASMR
to enhance the effect of this music. The results of
their study showed that hearing stimulants could
induce sleep in 15 healthy individuals (17).

Another study showed that listening to the
combined binaural beats (2-8 Hz) for two months
could improve sleep and mental quality in Ger-
man athletes (18). Hence, the positive effect of
binaural beats has been confirmed in the litera-
ture; however, some studies have also reached
different findings. For example, in a randomized
double-blind control study, Bang et al. suggested
that theta binaural beats in combination with mu-
sic could not improve sleep chaos more signifi-
cantly than pure music. However, they could im-
prove daytime alertness in individuals with sub-
clinical insomnia (1).

Lopez-Caballero and Escera used 40 samples
of healthy students and revealed that the binaural
beat frequencies (alpha, beta, theta, and gamma)
could not make a significant variation in the
heartbeat and skin conductance as the signs of
emotional arousal of individuals, compared to the
acoustic beats. Moreover, they found no signifi-
cant change in the electroencephalography (EEG)
of students in the group receiving the binaural
beats, compared to those receiving acoustic beats
(31). These studies can challenge the effectiveness
of the binaural beats even though the inconsisten-
cies in other studies should not be ignored. In this
regard, the inconsistencies in previous studies

32

were aroused by differences in the statistical popu-
lation (normal individuals with different clinical
disorders), intervention protocol (the beat frequen-
cy and the presented time, compared to other inter-
ventions), the effect of comorbid psychiatric symp-
toms, type of target variables, and research condi-
tions. To support this claim, Gkolias et al. noted
that the role of other variables affecting sleep quali-
ty (e.g., pain) should not be neglected when exam-
ining the effectiveness of binaural beats (32).

Each person experiences a range of brain wave
frequencies during the daytime based on the type
of activity, the type and severity of the clinical
disorder, and the perceived stress level (33).
When it is about sleeping time, the frequency is
gradually decreased (20, 34). When individuals
with insomnia make attempts to fall asleep, they
think about their daily and future problems, and
this can make a problem with the gradual reduc-
tion of the frequency (35). Hence, the insomnia
severity in these individuals is high, sleep hygiene
is low, and their sleep quality is dramatically low.
Considering the gradual reduction of frequency
and the induction of the reduction range, the pre-
sent study seemed to have a positive and signifi-
cant effect on the sleep quality pattern of students.
Entrainment is the process of synchronizing brain
activities with different frequencies (36), some
examples of which are synchronizing human
sleep-wake cycles with the 24-hour cycle of light
and dark, synchronizing heartbeats with a cardiac
pacemaker, and synchronizing with particular mu-
sic frequencies (37). The synchronization process
induces different brain frequencies (38) and can be
the main factor affecting the results of this study.

Limitations: Like other studies, this research
had some limitations. Reminding the students of
their sleeping time was performed via text mes-
saging, and this could affect the results of the re-
search. It is recommended to use other monitoring
methods such as a daytime appointment with par-
ticipants or phone calls. The target variables were
measured subjectively (by questionnaire); howev-
er, further studies can use objective methods such
as polysomnography (PSG) or EEG due to the
different responses of different brain lobes to each
frequency. The financial problems of the research
limited the larger sample size and the generaliza-
tion of the findings.

Conclusion

Regardless of the research limitations, the
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combined binaural beats (alpha, theta, and delta)
improved the ISI, sleep hygiene, and total sleep
quality of students suffering from insomnia.
Moreover, this type of treatment can be used as a
modern non-invasive intervention.
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