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Abstract

Advancing age is associated with various changes in cognitive capacities, including a
decline in working memory functioning (WMF) and some aspects of attention. There has been
a growing interest in the use of auditory binaural beats (BB) stimulation for a wide array of
applications, ranging from investigating behavioral changes to treating certain health
conditions. BB is an auditory illusion perceived when two slightly different frequencies are
played separately into each ear. This phenomenon is believed to influence brainwave activity
and has been studied for its potential effects on various health aspects. A significant portion
of research and application surrounding BB stimulation predominantly explores its
psychological effects, with limited attention given to its cognitive implications for individuals
susceptible to cognitive decline or impairments. This article aims to review the current body
of literature regarding the study of BB stimulation in Western nations, the effects of BB
stimulation, the mechanisms underlying BB stimulation and its applications, factors affecting
the effectiveness of BB stimulation, the study of BB stimulation within the context of Thailand,
and the implications for nursing research and practice. This article brings to the forefront the
potential influences of BBs stimulation on the cognitive-behavioral parameters of WMF and
attention. The differences in study designs and applications of BBs stimulation and its

parameters (e.g., oscillatory bands, frequency range, and stimulation durations), in addition to
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individual characteristics, can yield different results. Understanding their differential effects
and factors associated with the BBs stimulation will enable optimal translation and integration
of these modalities to effectively address individual needs and maximize therapeutic
outcomes. This knowledge will serve as a guideline for nursing and other allied healthcare
professionals, policymakers, and academics in their efforts to improve cognitive performance

and potentially delay cognitive decline in later life.
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Introduction

Advancing age is associated with a variety of changes in cognitive capacities, including
a decline in working memory functioning (WMF) and some aspects of attention. Previous
empirical studies have shown that age-related cognitive decline is evident in tasks
necessitating a quickly process or transform information to make a decision, including
measures of WMF'? and speed of processing.® WMF is critical for multiple aspects of
cognition, providing temporary storage and manipulation of information necessary for complex
tasks.” Though changes in attention in old age are not fully understood, sustained attention
or vigilance is particularly affected with advancing age. Sustained attention refers to the ability
to retain the focus of attention on a task or stimulus over extended periods.® It is broadly
agreed that working memory is closely linked to attention, leading to the constitution of two
important cognitive skills.”®

The increase of chronological age is widely recognized as the primary risk factor for
cognitive function decline and changes in neurological conditions. Studies have revealed that
around 40% of individuals aged 65 years or older experience some degree of memory loss,
often progressing to progressive neurological conditions such as Alzheimer’s disease.”"!
Additionally, research indicates that mild cognitive impairment (MCl) affects roughly 16% of
individuals over 70 years old, while approximately 14% of people in the same age group suffer
from dementia.'’**

This article aims to review the current body of literature regarding the study of BB
stimulation in Western nations, the effects of BB stimulation on the working memory functions
(WMF) and attention of adults and older adults, the mechanisms underlying BB stimulation
and its applications, factors affecting the effectiveness of BB stimulation, the study of BB
stimulation within the context of Thailand, and the implications for nursing research and

practice.

Literature review

A literature review can provide a diverse array of evidence. This process typically
involves two main steps: the formulation of a search strategy and the subsequent summary
of the results, which encompasses the characteristics of interventions and their corresponding

outcomes.
The Study of BB Stimulation in Western Nations

A comprehensive review of the literature examining the most current applications of

auditory BB stimulation on cognitive-behavioral parameters of working memory and attention
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was adopted. Searches were conducted in the following bibliographic databases: Medline
(1946 - present), EMBASE (1974 - present), PsycINFO (1806 - present) via OVID; Cumulative
Index for Nursing and Allied Health Literature (CINAHL, 1936 - present) via EBSCOhost; Scopus
(1976 - present) via Elsevier; Web of Science (all databases inception - present), and Cochrane
Library via Wiley (1992 - present). A critical perspective, insights, and recommendations for

further research and practice were also provided.
Effects of BB Stimulation

Research on the effects of BB stimulation on individuals has gained considerable
attention after being studied and described by Licklider and colleagues.™ This is particularly
due to its ability to affect behavioral changes,16 promote relaxation, meditative states, and
sleep cycles,!” and treat various conditions such as anxiety, learning disorders, and pain.'®*?!
A study by Chuan Sung and colleagues® found that a noninvasive binaural beats intervention
contributed significantly to reduce heart rate, blood pressure, and depression level of older
people residing in long-term care settings. In addition, a novel auditory stimulus that combines
BB and autonomous sensory meridian response (ASMR) has been found to improve the quality
of sleep and emotional states.” A recent study by Tani and colleagues® reveals that BB
intervention can reduce post- operative morphine consumption among older patients
undergoing knee replacement.

Music intervention has been extensively studied and shown to have positive effects
on cognitive function, emotional well-being, and quality of life, encompassing a broad range
of activities and therapeutic tools.”® Research revealed that the BB intervention is being
introduced as a novel potential cognitive enhancer that entrains the brain and modulates
brain activity, leading to the manipulation of certain cognitive functions such as working
memory or attention.?*?® Nevertheless, much of the research focuses largely on the
psychological effects of BB stimulation and merely covers a very small portion of this vast

field of research.
The Mechanisms Underlying BB Stimulation and Its Applications

Overall, the brain’s response to BB can be measured by Electroencephalography
(EEG), yet the exact mechanism of BB is not yet known.” The theoretical basis of the effects
of BB stimulation is the brainwave entrainment hypothesis, which suggests that external
stimulation at a certain frequency leads the brain’s electrocortical activity to oscillate.?’
In fact, exposure to BB has been shown to induce synchronization of the brain hemispheres,

suggesting that beat stimulation alters intracranial EEG characteristics.”” The application of BB
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stimulation resembles listening to specific audio files that usually contain music or nature
sound.”® These recordings are augmented with specific tones and frequencies designed to
modulate brainwave activity, thereby enhancing listeners’ ability to focus. This technique,
known as auditory BB stimulation, utilizes rhythmic auditory stimuli to elicit a frequency-
following brainwave response.”

Binaural beats (BB) are a perception of sound generated within the brain, occurring
as the two almost equivalent pure tones of slightly different frequencies are presented
simultaneously to each ear. The sound presented to each ear is processed individually, leading
to a perceived single sound consisting of the frequency that is difference in hertz (Hz) between
the frequencies of the two tones.”® For example, if the right ear registers a tone at 120 Hz
and the left ear registers one at 130 Hz, the binaural beat is 10 Hz — the difference between the
two frequencies. In BB perception, the tones entering the left and right ear should be at
frequencies lower than 1,000 hertz (Hz) for the brain to detect and generate BB.*

The oscillatory frequency bands have been linked to a range of cognitive processes,
emotional states, and behaviors.® Specifically, studies focusing on cognitive abilities such as
memory and attention utilize alpha, beta, theta, and gamma binaural beats.!” Alpha oscillations
are relatively associated with cognitive task- related working memory.*®> According to
Klimesch,* theta waves play a vital role in new information processing, beta waves relate to
cognitive control, while gamma waves contribute to perceptual and cognitive processes,
especially on attention performance. Alekseichuk and colleagues™ stated that an improvement
in working memory was significantly evident when high oscillatory gamma frequency was
combined with increased theta waves. Although these oscillatory frequency bands (i.e., alpha,
theta, beta, gamma) seem to alter cognitive functioning, a question pertaining to which frequency
range and conditions can exert a better effect on memory and attention, remains a challenge
or unclear.*

Evidence suggests that brain activity within alpha frequency (7-11 Hz) has been
associated with cognitive functioning in adults such as vigilance, working memory, attention,
and information processing.?? A study of Kraus and Porubanova® revealed that the
oscillations in alpha rhythm (9.55 Hz) at the stimulation duration of 12 minutes have been
associated with an increase in the cognitive capacity of working memory of healthy adults.
Similar findings are documented in a study by McMurray,?” examining the effects of BB on the
cognitive capacities of older adults aged over 65. In this same study, the author found that
older participants showed a significantly higsher memory function during the BB stimulation

with alpha frequency range at 7 and 11 Hz.?" In addition, Solca and colleagues® proposed that
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alpha frequency BB (10 Hz) is associated with improved attention performance of adults,

particularly on the vigilance task.

Table 1 The summary of BB stimulation on cognitive functions

Reference The Frequency Entrainment Main Findings
No. Oscillatory Range (Hz) Duration
Bands (Minutes)/Session
26-28 Alpha 7-11 4-12 The music embedded with BB

contribute significantly to
improve working memory and
attention functions, especially
on the vigilance task.

31, 36-37 Beta 15-24 5-30 Positive effects were found on
cognitive-related task, including
visuospatial, working memory,
free recall and recognition, and
vigilance and concentration.

38-39 Theta 5-5.5 15-36 Participants showed a
significantly higher memory and
recall functions during the BB
stimulation.

40-44 Gamma 40 3-15 The BB intervention contributes
to enhance divergent thinking,
promote cognitive flexibility,

and improve attentional focus.

Several studies suggest that an improvement in attention and memory is
accompanied by a beta frequency band at 15-24 Hz. Beauchene and colleagues® examined
cognitive performances using beta-frequency (15 Hz) BBs intervention on healthy adults and
found a significant improvement on visuospatial and working memory tasks of the sample. A
recent study of Garcia-Argibay and colleagues® found that the BB intervention with beta (20
Hz) frequency range contributes to an increase in free recall and recognition tasks, enhancing
long-term memory. Lane and colleagues®’ suggested in their research findings that a higher
vigilance and concentration were related to the beta (16-24 Hz) frequency range, particularly

when exposed to 30 minutes of BB intervention over 3 days.
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A few studies investigated the effects of theta frequency band on the cognitive
capacities of individuals. Roberts and colleagues™ revealed that exposure to theta entrainment
(5.5 Hz) leads to an enhancement of memory performance. Similar findings were found in a
study by Ortiz and colleagues,” examining the influence of auditory theta BB stimulation on
recall memory. The authors found that theta frequency BB stimulation (5 Hz) can help to
improve recall memory.* A frequency of gamma BB at 40 Hz has been found to improve

1041 anhance the focus of attention,*

aq

divergent thinking and promote cognitive flexibility,
accelerate attentional focus outcomes,* and increase the efficiency of attention processing.4
Based on the review, a summary of the specific oscillatory frequency bands on cognitive
abilities or cognitive functions, particularly about memory and attention is illustrated in
Table 1.

Factors Affecting the Effectiveness of BB Stimulation

The use of BB stimulation as an intervention is believed to induce beneficial
alterations in brainwave patterns, resulting in diverse states of relaxation and corresponding
changes in cognitive functions. Findings from a study by Basu and Banerjee® attributes the
positive effects of the BB stimulation on memory and attention, to variation in the factors
such as using alpha frequency only entrainment, beta frequency as the masking noise, BB
entrainment given before-after the task or between encoding and retrieval, or during the task.

Nonetheless, several studies highlishted challenges and factors that influence the
efficacy of BB stimulation, rendering mixed and conflicting results.!”**® These may in part due
to individual variability, study design and intensity parameters, background noise and
environment, duration and timing of exposure.?’ For example, McMurray®’ identified personal
characteristics, such as age-related changes in hearing, as a significant challenge that impacts
the efficacy of BB stimulation in older adults. Some studies failed to demonstrate the effects
of BB stimulation on cognitive ability, in particular attention. Crespo and colleagues,’ for
example, conducted a randomized controlled exploratory pilot to investigate the effects of
theta (4 Hz) and beta (16 Hz) BB stimulation on participants’ attention. The authors reported
no significant improvement on cognitive function partly due to several factors such as short
duration of BB stimulation, small sample size, and inappropriate cognitive task assessments.?’
A study by Goodin and colleagues® examined the effect of theta (7 Hz) and beta (16 Hz) BB
stimulation on the vigilance task, with a total entrainment duration of 4 minutes. In this same
study, the authors revealed no significant changes in cognitive performance and concluded
that the short presentation of BB stimulation was insufficient to alter vigilance.”” In addition,

Robinson and colleagues® examined the effect of BB stimulation on sustained attention using
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a beta frequency beat (16 Hz). The authors reported no evidence for such effects, noting
several factors including a narrow focus on a single frequency band and limitations in the
comparison conditions.

With regard to the contextual viewpoint, the integration of BB stimulation has been
explored in diverse contexts, both in clinical and non-clinical settings. Research suggests that
creating a conducive environment that prioritizes comfort, relaxation, and safety can optimize
the effectiveness of BB stimulation and promote positive outcomes for individuals undergoing
the intervention. The presence of background noise or an unsuitable environment may
interfere with the ability to perceive BB or disrupt the desired outcomes.*” In addition, to
optimize the benefits of BB stimulation, it is essential to utilize high-quality headphones to
ensure the clear and accurate delivery of the intended BB frequencies. A poor quality of audio
equipment has the potential to distort frequencies, thereby diminishing the effectiveness of

BB stimulation.**
The Study of BB Stimulation in Thailand

In Thailand, while research specific to BB stimulation is limited compared to other
regions, the concept of using sound and music as a complementary approach has deep roots
in Thai culture. The relatively low adoption and application of BB stimulation as a non-
pharmacological intervention for enhancing overall health and well-being may be hindered
by various factors.®®* These may be in part due to limited financial resources, insufficient
research and resources, disparities in access to BB technology, lack of awareness and cultural
acceptance.

In recent years, with growing interest in alternative and complementary therapies,
including those involving sound and music, BB stimulation has likely captured the interest of
researchers, clinicians, and individuals seeking non-pharmacological approaches to enhance
several aspects of health. A recent study by Wichian and colleagues*® examined the effects
of music embedded with BB on physiological responses and anxiety levels of Thai adults and
older people. The authors found that the BB group has a significant decrease in blood pressure,
respiratory rate, heart rate, and anxiety scores. Similar findings are found in a study by
Opartpunyasarn and colleagues,” investigating the effects of BB stimulation on the preoperative
anxiety of Thai patients undergoing fiberoptic bronchoscopy. In this study, the authors noted
that music with BB effectively reduced anxiety levels and blood pressure compared with the
plain and no music interventions.

Given Thailand’s cultural heritage and openness to holistic health practices, it is

possible that BB stimulation could be embraced and incorporated into various health and
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wellness practices and interventions. Further exploration and research in this area could offer

valuable insights into the potential benefits and uses of BB stimulation within the Thai context.

Implications for Nursing Research and Practice

While there has been growing evidence on the effects of BB stimulation, studies
focusing on cognitive-related tasks such as memory and attention are notably scarce,
especially within the realms of clinical practice and research in less economically developed
regions. The findings from this article are in line with the previous studies that the auditory BB

20,26,27 Al

intervention has a positive influence on the cognitive domains. though a few studies

213637 included

reported no significant differences in cognitive performance, most of the studies
in the present review reported positive results. This highlights the need for more systematic
investigation.

Most existing studies involved a sample of healthy adults, with one study comprised
of older people. A study by McMurray,?’ for instance, examined the effects of BB intervention
on cognitive-related tasks of older adults aged 65 and over. The author reported that a higher
memory function is associated with BB stimulation.?’ Since there are limited studies that have
investigated the effect of BB intervention on older participants’ cognitive abilities, further
research is needed to explore and provide a better understanding of the potential influence
of BB stimulation. This knowledge may serve as a guideline for healthcare professionals
including nurses, physicians, policymakers, and scholars in their efforts to improve cognitive
performance and potentially delay cognitive decline in older people.

The auditory BB has been proven to be a non-pharmacolosical and safe intervention,*
a better understanding and utilizing the BB approach in the care of adult and aging populations
may enhance or facilitate medical treatment and rehabilitation. Additionally, given that
auditory BB stimulation has already been tested with healthy participants, investigating its
possible effects on patients with mild cognitive impairments may have the potential for clinical
impacts in Alzheimer's disease and other cognitive-related disorders.”

While the potential benefits of BB stimulation in nursing practice are considerable,
it is crucial to acknowledge challenges such as individual differences in response and the lack
of standardized protocol. Further research is warranted to establish optimal parameters of BB
stimulation for diverse groups and its long-term effects on cognitive functions. Moreover, the
differences in study designs and applications of BB and its parameters (e.g., frequency bands,
carrier frequencies, entrainment durations, control conditions, in addition to individual
characteristics, can yield different results.”’ Inconclusive and negative results could possibly

be attributed to the variation of factors, including the selection of inappropriate frequency
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bands for the wrong cognitive tasks. A more concerted research effort using larger samples to
explore the dominant frequency ranges and bands against a control stimulus in various aspects
of cognitive performance is critical. The establishment of guidelines for practical application,
taking into account safety measures and evidence-based practices, is a significant consideration
to guide healthcare professionals, researchers, and practitioners effectively. This may lead to
a comprehensive understanding of the BB stimulation and its parameters, providing imperative
implications in both clinical and non-clinical settings.

In the context of nursing practice, nurses can play a pivotal role in developing
individualized care plan that incorporates BB stimulation as a non-pharmacological intervention for
the individuals based on their specific needs, musical preferences, clinical indications, and
overall goal of care. In addition, nurses can collaborate with other healthcare professionals,
such as psycholosgists, therapists, and technolosgists, to develop comprehensive care plans
that include BB stimulation alongside other therapeutic modalities. This interdisciplinary
approach can tailor interventions to meet the individual unique needs and ensures they
receive holistic care that addresses physical, emotional, and cognitive well-being effectively.
Further, nurses can provide education to the individuals and their families about BB
stimulation, including how it works, potential benefits, and safety considerations. Nurses can
offer guidance and support to facilitate individuals' engagement and adherence to the BB

intervention.

Conclusion

This article highlights the multifaceted potential of Binaural Beats (BB) stimulation in
nursing and healthcare practice, focusing on its cognitive effects and implications for adult and
aging groups. The findings reveal the promising role of BB stimulation in enhancing cognitive
functions such as attention and memory. While the evidence suggests positive outcomes, it is
essential to acknowledge the existing challenges and methodological considerations. The
integration of BB stimulation can serve as an innovative and non-invasive adjunct to conventional
nursing interventions. By incorporating these BB interventions tailored to individual patient
characteristics, nursing professionals have the opportunity to enhance cognitive performance,

mitigate cognitive decline, and contribute to overall patient well-being.

44...  Thai Red Cross Nursing Journal Vol. 17 No. 1 January — April 2024



Auditory Binaural Beats Stimulation on Working Memory Functions of Adult and Aging Groups: A Literature Review /

nsnseiumenaudeduleseaidmwanerinveanudvnuldnuresnguilvauasaeny: N1sNumuITINssY

References

. Park DC, Lautenschlager G, Hedden T, Davidson NS, Smith AD, Smith PK. Models of

visuospatial and verbal memory across the adult life span. Psychol Aging 2002;17(2):
299-320.

. Klencklen G, Lavenex PB, Brandner C, Lavenex P. Working memory decline in normal

aging: memory load and representational demands affect performance. Learn Motiv 2017;
60:10-22.

. Salthouse TA. When does age-related cognitive decline begin? Neurobiol Aging 2009;

30(4):507-14. doi: 10.1016/j.neurobiolaging.2008.09.023.

. Wahl HW, Schmitt M, Danner D, Coppin A. Is the emergence of functional ability decline in

early old age related to change in speed of cognitive processing and also to change in
personality? J Aging Health 2010;22(6):691-712. doi: 10.1177/0898264310372410.

. Pliatsikas C, Verissimo J, Babcock L, Pullman MY, Glei DA, Weinstein M, et al. Working

memory in older adults declines with age, but is modulated by sex and education.
Q J Exp Psychol (Hove) 2019;72(6):1308-27. doi: 0.1177/1747021818791994.

. Vallesi A, Tronelli V, Lomi F, Pezzetta R. Age differences in sustained attention tasks: a

meta-analysis. Psychon Bull Rev 2021;28(6):1755-75. doi: 10.3758/513423-021-01908-x.

.LiY, Yang N, Zhang Y, Xu W, Cai L. The relationship among trait mindfulness, attention,

and working memory in junior school students under different stressful situations. Front
Psychol 2021;12:558690. doi: 10.3389/fpsyg.2021.558690.

. Oberauer K. Working memory and attention — a conceptual analysis and review. J Cogn

2019;2(1):36. doi: 10.5334/joc.58.

. Aigbogun MS, Stellhorn R, Krasa H, Kostic D. Severity of memory impairment in the elderly:

association with health care resource use and functional limitations in the United States.
Alzheimers Dement (Amst) 2017;8:51-9. doi: 10.1016/j.dadm.2017.04.001.

10. Brito DVC, Gulmez KK, Kupke J, Mudlaff F, Zeuch B, Gomes R, et al. Modeling human age-

11

associated increase in Gadd45y expression leads to spatial recognition memory
impairments in young adult mice. Neurobiol Aging 2020;94:281-6.
doi: 10.1016/j.neurobiolaging.2020.06.021.

. Gulmez Karaca K, Brito DVC, Kupke J, Zeuch B, Oliveira AMM. Engram reactivation during
memory retrieval predicts long-term memory performance in aged mice. Neurobiol Aging
2021;101:256-61. doi: 10.1016/j.neurobiolaging.2021.01.019.

M5ESNIVIRFNNTIAME TN 17 aUuNl 1 UNTIAY - Wwey 2567 .45



Onouma Thummapol, Pannawit Sanitnarathorn / 85911 §35uKa Juaidy allnusms

12. Morley JE. Mild cognitive impairment-a treatable condition. J Am Med Dir Assoc 2014;
15(1):1-5. doi: 10.1016/j.jamda.2013.11.001. PMID: 24359697.

13. Ferri CP, Prince M, Brayne C, Brodaty H, Fratiglioni L, Ganguli M, et. al. Global prevalence of
dementia: a Delphi consensus study. Lancet 2005;366(9503):2112-7. doi: 10.1016/50140-
6736(05)67889-0.

14. Hugo J, Ganguli M. Dementia and cognitive impairment: epidemiology, diagnosis, and
treatment. Clin Geriatr Med 2014;30(3):421-42. doi: 10.1016/j.cger.2014.04.001.

15. Licklider JCR, Webster JC, Hedlun JM. On the frequency limits of binaural beats. The
J Acoust Soc Am 1950;22(4):468-73.

16. Sharma S, Rewadkar S, Pawar H, Deokar V, Lomte VM. Survey on binaural beats and
background music for increased focus and relaxation. In: 2017 International Conference
on Emerging Trends & Innovation in ICT (ICEl), Emerging Trends & Innovation in ICT (ICEl);
2017 Feb 3-5; Pune, India; 2017. p. 98-103.

17. Crespo A, Recuero M, Galvez G, Begofia A. Effect of binaural stimulation on attention and
EEG. Arch Acoust 2013;38(4):517-28.

18. Basu S, Banerjee B. Prospect of brainwave entrainment to promote well-being in
individuals: a brief review. Psychological Studies 2020;65(3):296-306.

19. Chairinkam W, Thaikruea L, Klaphajone J, Lerttrakarnnon P. Effects of newly-developed
uperimposed binaural beat on anxiety in university students in Thailand: a randomised
controlled trial. Natural and Life Sciences Communications 2019;18(1):122-30.

20. Garcia-Argibay M, Santed MA, Reales JM. Efficacy of binaural auditory beats in cognition,
anxiety, and pain perception: a meta-analysis. Psychol Res 2019;83(2):357-72.

21. Olmstead R. Use of auditory and visual stimulation to improve cognitive abilities in
learning-disabled children. J Neurother 2005;9(2):49-62.

22. Chuan SH, Yu ZW, Tzai LL, Wen LL, Hao ML, Chia YL, et al. Familiar music listening with
binaural beats for older people with depressive symptoms in retirement homes.
Neuropsychiatry 2018;7(4):347-53.

23. Lee M, Song CB, Shin GH, Lee SW. Possible effect of binaural beat combined with
autonomous sensory meridian response for inducing sleep. Front Hum Neurosci
2019;13:425. doi: 10.3389/fnhum.2019.00425.

24. Tani A, Vagheggini G, Moretti F, Del Colombo V, Lehle J, Campana S, et al. Binaural beats
reduce postoperative morphine consumption in older adults after total knee
replacement surgery. Altern ther Health Med 2021;27(2):27-31.

46... Thai Red Cross Nursing Journal Vol. 17 No. 1 January — April 2024



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Auditory Binaural Beats Stimulation on Working Memory Functions of Adult and Aging Groups: A Literature Review /

nsnseiumenaudeduleseaidmwanerinveanudvnuldnuresnguilvauasaeny: N1sNumuITINssY

Chee ZJ, Chang CYM, Cheong JY, Malek FHBA, Hussain S, de Vries M, et al. The effects of
music and auditory stimulation on autonomic arousal, cognition and attention: a
systematic review. Int J Psychophysiol 2024;199:112328.

doi: 10.1016/j.ijpsycho.2024.112328

Kraus J, Porubanova M. The effect of binaural beats on working memory capacity. Stud
Psychol 2015;57(2):135-45.

McMurray JC. Binaural beats enhance alpha wave activity, memory, and attention in
healthy-aging seniors [dissertation]. Las Vegas: University of Nevada; 2006.

Solca M, Mottaz A, Guggisberg AG. Binaural beats increase interhemispheric alpha-band
coherence between auditory cortices. Hear Res 2016;332:233-7.

Krasnoff E, Chevalier G. Case report: binaural beats music assessment experiment. Front
Hum Neurosci 2023;17:1138650. doi: 10.3389/fnhum.2023.1138650.

Engelbregt H, Meijburg N, Schulten M, Pogarell O, Deijen JB. The Effects of binaural and
monoaural beat stimulation on cognitive functioning in subjects with different levels of
emotionality. Adv Cogn Psychol 2019;15(3):199-207.

Garcia-Argibay M, Santed MA, Reales JM. Binaural auditory beats affect long-term
memory. Psychol Res 2019;83(6):1124-36. doi: 10.1007/500426-017-0959-2.

Chaieb L, Wilpert EC, Reber TP, Fell J. Auditory beat stimulation and its effects on
cognition and mood states. Front Psychiatry 2015;6:70. doi: 10.3389/fpsyt.2015.00070.
Basu S, Banerjee B. Potential of binaural beats intervention for improving memory and
attention: insights from meta-analysis and systematic review. Psychol Res 2023;87(4):
951-63.

Klimesch W. a-band oscillations, attention, and controlled access to stored information.
Trends Cogn Sci 2012;16(12):606-17.

Alekseichuk I, Turi Z, Amador de Lara G, Antal A, Paulus W. Spatial working memory in
humans depends on theta and high gamma synchronization in the prefrontal cortex.
Curr Biol 2016;26(12):1513-21.

Beauchene C, Leonessa A, Abaid N, Moran R, Diana RA. The effect of binaural beats on
verbal working memory and cortical connectivity. J Neural Eng 2017;14(2):026014.

doi: 10.1088/1741-2552/aa5d67.

Lane J, Kasian SJ, Marsh GR, Owens JE. Binaural auditory beats affect vigilance
performance and mood. Physiol Behav 1998;63(2):249-52.

Roberts BM, Clarke A, Addante RJ, Ranganath C. Entrainment enhances theta oscillations

and improves episodic memory. Cogn Neurosci 2018;9(3-4):181-93.

M5ASNIUIRFNNIAMY TN 17 aUui 1 UnsIAN - ey 2567 .47



Onouma Thummapol, Pannawit Sanitnarathorn / 85911 §35uKa Juaidy allnusms

39.

40.

41.

4z.

43.

44,

45.

ae.

47,

48.

49.

48...

Ortiz T, Martinez AM, Fernandez A, Maestu F, Campo P, Hornero R, et al. Impact of
auditory stimulation at a frequency of 5 Hz in verbal memory. Actas Esp Psiquiatr
2008;36(6):307-13.

Hommel B, Sellaro R, Borg S, Colzato LS, Fischer R. High-frequency binaural beats
increase cognitive flexibility: evidence from dual-task crosstalk. Front Psychol
2016;7:1287. doi: 10.3389/fpsyg.2016.01287.

Reedijk SA, Bolders A, Hommel B. The impact of binaural beats on creativity. Front Hum
Neurosci 2013;7:786. doi: 10.3389/fnhum.2013.00786.

Colzato L, Barone H, Sellaro R, Hommel B. More attentional focusing through binaural
beats: evidence from the global-local task. Psychol Res 2017;81(1):271-7.

Ross B, Lopez MD. 40-Hz Binaural beats enhance training to mitigate the attentional
blink. Sci Rep 2020;10(1):7002. doi: 10.1038/541598-020-63980-y.

Engelbregt H, Barmentlo M, Keeser D, Pogarell O, Deijen JB. Effects of binaural and
monaural beat stimulation on attention and EEG. Exp Brain Res 2021;239(9):2781-91.
Goodin P, Ciorciari J, Baker K, Carrey AM, Harper M, Kaufman J. A high-density EEG
investigation into steady state binaural beat stimulation. PLoS One 2012;7(4): e34789.
doi: 10.1371/journal.pone.0034789.

Robison MK, Obulasetty M, Blais C, Wingert KM, Brewer GA. The effect of binaural beat
stimulation on sustained attention. Psychol Res 2022;86(3):808-22.

Weiland TJ, Jelinek GA, Macarow KE, Samartzis P, Brown DM, Grierson EM, et al. Original
sound compositions reduce anxiety in emergency department patients: a randomised
controlled trial. Med J Aust 2011;195(11-12):694-8.

Wichian NS, Klaphajone J, Tantong A, Wivatvongvana, P. Effects of Suandok sound
therapy application music with or without binaural beats, and white noise on
physiological responses and anxiety level in adult and older people. Journal of Nursing
and Health Science Research 2023;15(1):199-218. (in Thai)

Opartpunyasarn P, Vichitvejpaisal P, Oer-Areemitr N. The effect of binaural beat audio
on anxiety in patients undergoing fiberoptic bronchoscopy: a prospective randomized
controlled trial. Medicine (Baltimore). 2022;101(24):29392.

doi: 10.1097/MD.0000000000029392.

Thai Red Cross Nursing Journal Vol. 17 No. 1 January — April 2024



