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A B S T R A C T
Background and Aim:  Numerous studies have investigated the effect of binaural beat 
stimulation on visual attention. In this study, we aim to investigate the effect of binaural 
beats on both auditory and visual sustained attention of young people with normal 
hearing.

Methods: Thirty normal-hearing people with mean age of 27.77±6.85 years were 
divided into two groups of Sham-Binaural beat (SB, n=15) and Binaural beat-Sham (BS, 
n=15). The participants in each group performed the Integrated Visual and Auditory-2 
Continuous Performance Test (IVA-2 CPT) twice on different days. The SB group 
performed the IVA-2 CPT first under sham condition and then in the presence of binaural 
beats. In the BS group, the order was reversed in terms of stimuli presentation. The 
binaural beat stimulus was an audio file that induced beats at a frequency of 16 Hz by 
presenting 400 and 416 Hz stimuli to the right and left ears, respectively. The sham 
stimulus was a pure tone of 400 HZ. A mixed analysis of variance (ANOVA) was used 
to compare the means.

Results: The results showed the significant effect of binaural beat stimulation on auditory 
sustained attention (p<0.001). However, its effect on visual sustained attention was not 
significant (p=0.061).

Conclusion: Stimulation with binaural beats of 16 Hz may improve the auditory sustained 
attention in young people with normal hearing. It cannot improve their visual sustained 
attention.
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             Introduction

S ustained attention is an essential ability 
for accomplishing everyday tasks, 
such as driving a car, attending a class 
or a conference [1], and watching a 
movie. It is the ability to focus on a 

specific task for a long period of time without getting 
distracted [2]. Decreased sustained attention in tasks 
that require prolonged mental effort may have negative 
consequences [3]. Therefore, it is vital to find effective 
methods to enhance this ability.

In a study by Terashima et al [4] it was mentioned 
that, although auditory and visual sustained attention 
have some common neural processing, they may 
have different involved neural circuits. Marten et al. 
[5] reported that attention scores may differ between 
modalities. Therefore, it is important to separately study 
visual and auditory sustained attention and the effect of 
enhancement methods on them.

There are various methods such as medication, 
neurofeedback, electrical stimulation, and binaural beat 
stimulation for improving cognitive abilities, including 
sustained attention [6, 7]. Binaural beats are heard when 
two sinusoidal sound waves with slightly different 
frequencies are presented simultaneously to each ear, 
which leads to a beat perception at a frequency equal to 
the frequency difference of the original stimuli [8]. For 
example, 400 Hz and 416 Hz tones presented to the right 
and left ears, respectively, produce binaural beats of 16 
Hz. Binaural beats are thought to originate in the medial 
nucleus of the Superior Olivary Complex (SOC). The 
SOC is the first nucleus in the auditory nervous system 
to receive bilateral inputs. Phase-sensitive neurons 
in the SOC fire at a rate equal to the interaural phase 
difference [9, 10]. Some studies have suggested that 
binaural beats may cause neural entrainment [11, 12]. 
Neural entrainment is a phenomenon in which the brain 
synchronizes its neural activity with an external stimulus 
so that its dominant electroencephalography (EEG) 
frequency has a tendency to be changed towards the 
frequency of the external stimulus. However, in some 
other studies, no observations were found to support 
neural entrainment [13, 14]. In a study by Gao et al. 
[15], no evidence of neural entrainment during listening 
to binaural beats was found. Nevertheless, the results 
supported the hypothesis that stimulation with binaural 

beats can alter functional connectivity of the brain.

Regardless of how binaural beats affect the 
brain, numerous studies have shown that listening to 
binaural beats can affect physiology, behavior, and 
cognition [16, 17]. Some studies reported the effect 
of binaural beats on improving visual or auditory 
working memory [18-20]. The role of binaural 
beats also was reported in reducing the severity 
and annoyance of tinnitus [21]. However, there are 
studies that have failed to demonstrate the effects of 
binaural beat stimulation on behavior or cognition. 
For example, Solca et al. [22] found that listening 
to binaural beats of 10 Hz immediately before a 
dichotic listening task did not improve the scores. 
However, the interhemispheric EEG coherence was 
affected. Wahbeh et al. [23] showed that binaural beat 
stimulation caused a decrease in immediate recall in 
the Rey auditory verbal learning test. They also found 
no significant effects of binaural beats on EEG data. 
There are also conflicting results about the effect of 
binaural beat stimulation on attention. Lane et al. [24] 
found that listening to beta binaural beats of 16 and 
24 Hz during a visual vigilance task improved target 
detection compared to delta and theta binaural beats of 
1.5 and 4 Hz. Kennel et al. [25] conducted a study in 
which participants with attention-deficit hyperactivity 
disorder listened to a 20-minute audio file containing 
binaural beats three times per week for three weeks. 
Results showed that binaural beat stimulation had no 
significant effect on reducing attention deficit in the 
color trails test, the homework problem checklist, 
and the test of variables of attention, although the 
participants reported fewer homework problems after 
the intervention. Reedijk et al. [26] found that binaural 
beats of 40 Hz can reduce attentional blinks in subjects 
with low spontaneous blink rates. Robison et al. [27], 
in a study using beta binaural beat stimulation (16 
Hz) during a visual sustained attention task, found no 
evidence that the binaural beat stimulation can improve 
sustained attention, either by shortening reaction time 
or by reducing vigilance decrement. In the study by 
Engelbregt et al. [14], listening to binaural beats of 40 
Hz for five minutes resulted in fewer false responses 
in the flanker task compared to pink noise and 
monaural beats. However, no difference in response 
time was observed among the three conditions. In 
the current study, we aim to investigate the effect of 
binaural beat stimulation separately on auditory and 
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visual sustained attentions, during a task that requires 
simultaneous visual and auditory sustained attention. 
We hypothesized that if binaural beat stimulation can 
improve the visual sustained attention by affecting the 
brain (either through brainwave entrainment, altering 
functional connectivity, or physiological changes), it 
can also affect the auditory sustained attention.

Methods

Participants

Thirty young people (17 males and 13 females) 
aged 18–40 years (mean age=27.77±6.85 years) 
participated in this study. They had no any neurological, 
psychological, learning, attention, or self-control 
problems, and no musical experience. All participants 
were tested for normal hearing (pure tone threshold 
average of ≥10 dB HL in the both ears). All had normal 
or corrected-to-normal vision.

Sound stimuli

Audacity software (version 2.3.0) was used to 
create auditory stimuli. The binaural beat stimulus 
was designed to induce the beats of 16 Hz, which 
corresponds to the 16 Hz frequency of the brain’s 
EEG beta band. Because of the importance of beta 
frequency band for attention, we decided to select 
a frequency of beta band which was also used in 
previous studies, particularly in a study by Robison et 
al. [27]. A pure tone of 400 Hz was selected as the 
carrier frequency because some studies have indicated 
that the frequency range of 200–900 Hz is more 
effective than lower or higher frequencies [23, 28, 29]. 
Therefore, the binaural beat stimulus consisted of two 
pure tones with frequencies of 400 and 416 Hz for the 
right and left ear, respectively. A bilateral pure tone of 
400 Hz was made for the sham condition.

Sustained attention assessment

We used the Integrated Visual and Auditory-2 
Continuous Performance Test (IVA-2 CPT) to measure 
both auditory and visual sustained attention. The 
sustained attention quotient is one of the subscales of the 
IVA-2 CPT. The IVA-2 CPT presents 500 trials of the 
numbers “1” and “2” in a pseudo-random combination 

of visual and auditory stimuli. Subjects were instructed 
to click the mouse as quickly and accurately as possible 
on the target stimulus 1, which was presented in 
auditory or visual form, and to ignore the non-target 
stimulus 2. The test consists of trials in which the target 
occurs frequently (high demand) and the trials in which 
the target occurs rarely (low demand). There are four 
values under low demand conditions (accuracy of 
responses to targets, errors in responding to non-targets, 
reaction times, and variability of response times to 
targets) and two values under high demand conditions 
(percentage of correct responses to targets and errors in 
not responding to targets). The entire test took about 20 
minutes to complete.

Procedure

Before the beginning of the study, the procedure was 
explained to all participants, and they signed a written 
informed consent form. To ensure that participants can 
perceive the binaural beats, they were first asked to 
listen to the stimuli presented to the right and left ears 
separately. They all reported to hear a continuous tone. 
Again, they were asked about the change in perceived 
sound when listening to the right and left stimuli 
simultaneously. All participants were reported to be 
able to perceive the beats.

As shown in Figure 1, the participants were 
randomly divided into two groups of Sham-Beat (SB) 
and Beat-Sham (BS). All subjects in both groups 
completed the IVA-2 CPT (version 2019.1) twice, 
each time on different days. The interval between the 
two test sessions ranged 1-2 weeks. During testing, 
the subjects sat in front of a monitor at a distance of 
15–24 inches. The center of the monitor was 1–2 inch 
below eye level (according to the guidelines in the IVA-
2 CPT manual). The IVA-2 CPT audio was delivered 
through a speaker, and participants were able to set the 
volume to hear the spoken words clearly. Subjects in 
the SB group completed the test first in sham condition 
and then during listening to binaural beats on the second 
day. For the BS group, the order was reversed. Binaural 
beats and sham stimuli were delivered to participants 
through earphones at the comfortable level. The sound 
presentation of stimuli in both conditions began two 
minutes before the start of the IVA-2 CPT and was 
played continuously until the end of the task.
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Statistical analysis

Data analysis was performed in IBM SPSS v.17 
software. Independent t-test was used to compare the 
mean age of two groups. To analyze the auditory and 
visual sustained attention quotients, we performed 
a mixed analysis of variance (ANOVA), where the 
within-subject (sham vs. binaural beats) and between-
subject (SB vs. BS) comparisons were carried out.

Results

The mean age of the participants was 27.20±7.16 
years in the SB group and 28.33±6.71 years in the BS 
group. There was no significant difference between the 
two groups regarding age (t (28)=–0.45, p=0.658). Mean 
auditory and visual sustained attention scores for both 
groups are presented in Tables 1 and 2, respectively. 
As shown in Figure 2, for both auditory and visual 
sustained attentions, the difference between the mean 

scores of two sessions was higher in the BS group 
than in the SB group; however, the results of ANOVA 
showed no significant difference in the mean scores of 
auditory (F(1,28)=0.015, p=0.905, pƞ2=0.001), and visual 
(F(1,28)=0.168, p=0.685, pƞ2=0.006) sustained attentions 
in terms of group factor. Therefore, the presentation of 
the binaural beats in the first or second session had no 
significant effect on the auditory and visual sustained 
attentions. The results showed no significant interaction 
effect of group and condition neither on auditory 
sustained attention (F(1,28)=0.315, p=0.579, pƞ2=0.011) 
nor on visual sustained attention (F(1,28)=0.916, p=0.347, 
pƞ2=0.032).

The main effect of condition factor on the auditory 
sustained attention was significant (F(1,28)=22.924, 
p<0.001, pƞ2=0.450). A pairwise comparison using 
the Šidák correction showed that the mean score 
of auditory sustained attention was higher in the 
binaural beats condition than in the sham condition 

 
 
Figure 1. Flowchart of the study. SB; sham-binaural beat, BS; binaural beat-sham, IVA-2 CPT; integrated visual and 
auditory continuous performance test-2, BB; binaural beats 
 
  

Figure 1. Flowchart of the study. SB; sham-binaural beat, BS; binaural beat-sham, IVA-2 CPT; integrated visual and 
auditory continuous performance test-2, BB; binaural beats

Table 1. Mean and standard deviation of auditory sustained attention quotient (subscale of integrated visual and auditory-2 continuous 
performance test ) in sham and binaural beat conditions 
 

      

Groups Condition Mean SD Min Max 

SB 
Sham 107.40 13.40 87 133 

Binaural beat 115.93 8.95 99 131 

BS 
Sham 106.73 13.55 87 125 

Binaural beat 117.53 11.32 97 135 

SB; sham-binaural beat, BS; binaural beat-sham 
 
  

Table 1. Mean and standard deviation of auditory sustained attention quotient (subscale of integrated visual and auditory-2 continuous 
performance test ) in sham and binaural beat conditions
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(mean difference=–9.67, 95% CI: –13.80, –5.53). 
However, there was no significant difference in the 
visual sustained attention between the two conditions 
(F(1,28)=3.823, p=0.061, pƞ2=0.120). This suggests that 
stimulation with binaural beats was effective only in 
improving auditory sustained attention.

Discussion

This study investigated the effect of binaural beat 
stimulation on auditory and visual sustained attention of 
young people with normal hearing. Sustained attention 
quotient in the IVA-2 CPT were compared between two 
sham and active conditions for both auditory and visual 
modalities separately. The binaural beat stimulus was 
an audio file that induced beats at a frequency of 16 
Hz by delivering a pure tone of 400 and 416 Hz to the 
right and left ear, respectively. The sham stimulus was 
a pure tone of 400 Hz presented bilaterally. The results 
of our study showed the significant effect of binaural 

beat stimulation on auditory sustained attention, such 
that listening to beta binaural beat stimulation could 
improve auditory sustained attention. However, it 
had no significant effect on visual sustained attention. 
This finding is consistent with the results of a study 
by Robison et al. [27], who found no significant 
improvement in visual sustained attention after using 
16 Hz binaural beat stimulation. However, the results 
of studies by Engelbregt et al. [14] and Lane et al. [24] 
showed that binaural beat stimulation could improve 
visual sustained attention. The main reason for the 
discrepancy in the results of different studies may be the 
difference in the used methods such as stimuli design and 
frequency. In the study by Engelbregt et al., the gamma 
frequency was used [14], while in the study by Robison 
et al. a frequency from the beta band was presented as 
the binaural beat stimulus [27]. The other reason for 
the discrepancy may be the difference in assessment 
of long-term or short-term effects of binaural beats. In 
some studies, the binaural beat stimulus was presented 

Table 1. Mean and standard deviation of auditory sustained attention quotient (subscale of integrated visual and auditory-2 continuous 
performance test ) in sham and binaural beat conditions 
 

      

Groups Condition Mean SD Min Max 

SB 
Sham 107.40 13.40 87 133 

Binaural beat 115.93 8.95 99 131 

BS 
Sham 106.73 13.55 87 125 

Binaural beat 117.53 11.32 97 135 

SB; sham-binaural beat, BS; binaural beat-sham 
 
  

Table 2. Mean and standard deviation of visual sustained attention quotient (subscale of integrated visual and auditory-2 continuous 
performance test) in sham and binaural beat conditions

 

 
Figure 2. Mean sustained attention quotients in sham and binaural beat conditions, for auditory (left) and visual (right) 
modalities in; sham-binaural beat (solid line) and binaural beat-sham (dashed line) groups. SB; sham-binaural beat, 
BS; binaural beat-sham, SAQ; sustained attention quotient 
 
 

Figure 2. Mean sustained attention quotients in sham and binaural beat conditions, for auditory (left) and visual (right) modalities in; 
sham-binaural beat (solid line) and binaural beat-sham (dashed line) groups. SB; sham-binaural beat, BS; binaural beat-sham, SAQ; 
sustained attention quotient
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simultaneously during an attentional task [14, 24, 27], 
whereas in a study, the attentional task was performed 
after listening to the binaural beats for a specified time 
over several days [25]. The focus of our study was on 
examining the short-term effect of binaural beats on 
sustained attention. Another reason for the different 
results of the studies can be the selection of different 
tasks or types of sustained attention. Engelbregt et al. 
[14] examined the effect of binaural beat stimulation 
using the Eriksen-Flanker task [30], a visual selective 
attention task that measures the number of incorrect 
responses and reaction time. Robison et al. [27] 
investigated the effect of binaural beat stimulation on 
visual sustained attention using a reaction time task. In 
the present study, we used the IVA-2 test. The quotients 
of auditory and visual sustained attentions in this test are 
combined scores using several parameters, including 
correct responses to targets, errors in responding to 
non-targets, reaction times, and variability of response 
times to targets under low demand conditions, and the 
percentage of correct responses to targets and errors in 
not responding to targets under high demand conditions. 
Therefore, the quotients in this test provide a more 
comprehensive measure of sustained attention in both 
visual and auditory modalities, separately.

The reason for why the stimulation with binaural 
beats in our study had no significant effect on visual 
sustained attention, despite improving auditory sustained 
attention, may be that the binaural beats, which were 
novel auditory stimuli for the participants, caused them 
to allocate a larger portion of their mental resources 
to the auditory domain. According to the capacity 
model of attention, attention is a finite resource [31]. 
According to Ersin et al. [32], it is difficult to maintain 
attention in tasks that require simultaneous auditory and 
visual attentions. Although participants in the present 
study were not asked to pay attention to the binaural 
beat stimulus, it is possible that the binaural beat stimuli 
directed their attention more to the auditory modality. 
A question arises: why the binaural beat stimulus, as an 
auditory input to the brain, does not act as a competing 
noise or distractor in the auditory domain? it may 
because the participants adjusted the sound level of the 
IVA-2 test to hear it clearly. Moreover, the binaural beat 
stimulus has not a complex structure. In fact, it caused 
the participants to listen more attentively to both beats 
and auditory targets. Although it cannot be concluded 
from this study which underlying mechanisms were 

involved in the improvement of auditory sustained 
attention by binaural beat stimulation, it is possible that 
the proposed mechanisms suggested in previous studies 
for the improvement of visual attention by binaural 
beats, such as neural entrainment [11, 12] or changes 
in functional connectivity [15], have a role in this 
improvement. On the other hand, the non-significant 
improvement in visual sustained attention after binaural 
beat stimulation, may be due to the fact that the binaural 
beat stimulus acted as an intervening factor for visual 
attention and suppressed the effect of other enhancing 
neural mechanisms. Therefore, it is possible that 
people’s attitude towards binaural beats (i.e. whether 
they pay attention to the beats or not), can has an effect 
on their performance in attentional tasks.

Limitations and recommendations

In this study, a single frequency of 16 Hz was used 
for binaural beat stimulation. It is possible that the use of 
other frequencies from the beta band can produce different 
results. It is also possible that the best binaural beat 
frequency that can affect auditory and visual sustained 
attentions varies from person to person. Hence, further 
studies are recommended by using other frequencies 
of binaural beats. Moreover, it is recommended that 
the efficacy of binaural beat stimulation in improving 
auditory attention in people with difficulties in this area, 
including those with Attention-deficit/hyperactivity 
disorder, central auditory processing disorder, or other 
neurological disorders in which auditory attention is 
impaired should be investigated.

Conclusion

Stimulation with binaural beats of 16 Hz along with 
performing a sustained attention task improves auditory 
sustained attention of normal-hearing people. They can 
be used as a cost-effective and available method along 
with other treatments in portable or wearable devices 
for people with attention deficits.
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