
 

 

 
 

   NeuroRegulation 
 

 

 
 

 
 
 
 

   The Official Journal of  . 
 

 
 
 
 

     Volume 12, Number 1, 2025 
 

http://www.isnr.org


NeuroRegulation 

Editor-in-Chief 
Rex L. Cannon, PhD: Currents, LLC, Knoxville, TN, USA 

 
Executive Editor 

Nancy L. Wigton, PhD: Applied Neurotherapy Center, Tempe, AZ, USA 
 

Reviewers 
Jon A. Frederick, PhD: Lamar University, Beaumont, TX, USA 

Mark S. Jones, DMin: University of Texas at San Antonio, Department of Counseling, San Antonio, TX, USA 

Genomary Krigbaum, PsyD: University of Wyoming, Family Medicine Residency, Casper, WY, USA 

Randall Lyle, PhD: Mount Mercy University, Cedar Rapids, IA, USA 

Tanya Morosoli, MSc: 1) Clínica de Neuropsicología Diagnóstica y Terapéutica, Mexico City, Mexico; 2) PPCR, ECPE, 
Harvard T. H. Chan School of Public Health, Boston, MA, USA 

Deepti Pradhan, PhD: 1) Washington Adventist University, Takoma Park, MD, USA; 2) NeuroThrive, LLC, Lutherville, MD, 
USA 

Estate M. Sokhadze, PhD: University of South Carolina, School of Medicine–Greenville, Greenville, SC, USA 

Larry C. Stevens, PhD: Northern Arizona University, Department of Psychological Sciences, Flagstaff, AZ, USA 

Tanju Surmeli, MD: Living Health Center for Research and Education, Sisli, Istanbul, Turkey 

Robert P. Turner, MD: Network Neurology LLC; Network Neuroscience Research Institute, Charleston, SC, USA 

 
Production Editors 

Andy Bounxayavong, Phoenix, AZ, USA  

Jacqueline Luk Paredes, Phoenix, AZ, USA 

 
 
NeuroRegulation (ISSN: 2373-0587) is published quarterly by the International Society for Neuroregulation and Research 
(ISNR), 2146 Roswell Road, Suite 108, PMB 736, Marietta, GA 30062, USA.  
 

Copyright 
NeuroRegulation is open access with no submission fees or APC (Author Processing Charges).  This journal provides 
immediate open access to its content on the principle that making research freely available to the public supports a 
greater global exchange of knowledge.  Authors retain copyright and grant the journal right of first publication with the 
work simultaneously licensed under a Creative Commons Attribution License (CC-BY) that allows others to share the 
work with an acknowledgement of the work's authorship and initial publication in this journal.  All articles are distributed 
under the terms of the CC BY license.  The use, distribution, or reproduction in other forums is permitted, provided the 
original author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with 
accepted academic practice.  No use, distribution, or reproduction is permitted which does not comply with these terms.  
The journal is indexed in the Abstracting & Indexing databases of Scopus, Elsevier’s Embase, the Directory of Open 
Access Journals (DOAJ), and Google Scholar and carries a CiteScore impact factor from Scopus. 
 

Aim and Scope 
NeuroRegulation is a peer-reviewed journal providing an integrated, multidisciplinary perspective on clinically relevant 
research, treatment, and public policy for neurofeedback, neuroregulation, and neurotherapy.  The journal reviews 
important findings in clinical neurotherapy, biofeedback, and electroencephalography for use in assessing baselines and 
outcomes of various procedures.  The journal draws from expertise inside and outside of the International Society for 
Neuroregulation and Research to deliver material which integrates the diverse aspects of the field.  Instructions for 
submissions and Author Guidelines can be found on the journal website (http://www.neuroregulation.org). 

http://www.neuroregulation.org/
http://www.neuroregulation.org/
http://creativecommons.org/licenses/by/3.0/
http://www.neuroregulation.org/
http://www.isnr.org/
http://www.isnr.org/
http://www.neuroregulation.org/
http://www.neuroregulation.org/


NeuroRegulation http://www.isnr.org  
 

 
1 | www.neuroregulation.org Vol. 12(1):1  2025  
  

Volume 12, Number 1 
 

2025 
 

Contents 
 
 
RESEARCH PAPERS 
 

 

Nonmusicians Experience Early Aging on Working Memory Tasks Compared to Musicians 
Kruthika Shankar and Ajith Kumar Uppunda  
 

2 

EEG Signatures of Resilience Across Individuals With High and Low Anxiety 
Sahen Gupta and Jayasankara Reddy 
 

12 

Towards the Clinical Implementation of Noninvasive Brain Stimulation for Alleviating Social 
Communication Challenges: Input From Two Critical Stakeholder Groups 

Joan Esse Wilson, M. Blake Rafferty, Guadalupe Duran, Alexandra Ortiz, and Claudia D. 
Tesche 
 

29 

Audio-Visual Entrainment (AVE) Therapy in Reducing Symptoms of Pseudobulbar Affect (PBA): 
Two Case Studies 

Adil Abdul-Rehman Siddiq Al-Salihy  
 

40 

 
REVIEW ARTICLES 

 

 

Effectiveness of Brain-Computer Interface (BCI)-Based Attention Training Game System for 
Symptom Reduction, Behavioral Enhancement, and Brain Function Modulation in Children With 
ADHD: A Systematic Review and Single-Arm Meta-Analysis 

Muhammad Zain Raza, Muhammad Omais, Hafiz Muhammad Ehsan Arshad, Musab 
Maqsood, and Ali Ahmad Nadeem 
 

51 

 
PERSPECTIVES 

 

 

Effectiveness of HRV Biofeedback in Decreasing Anger Among Adolescents With Autism Spectrum 
Disorder 

Heidi Hillman 
 

79 

 

http://www.isnr.org/
https://doi.org/10.15540/nr.12.1.2
https://doi.org/10.15540/nr.12.1.2
https://doi.org/10.15540/nr.12.1.12
https://doi.org/10.15540/nr.12.1.12
https://doi.org/10.15540/nr.12.1.29
https://doi.org/10.15540/nr.12.1.29
https://doi.org/10.15540/nr.12.1.29
https://doi.org/10.15540/nr.12.1.40
https://doi.org/10.15540/nr.12.1.40
https://doi.org/10.15540/nr.12.1.40
https://doi.org/10.15540/nr.12.1.51
https://doi.org/10.15540/nr.12.1.51
https://doi.org/10.15540/nr.12.1.51
https://doi.org/10.15540/nr.12.1.51
https://doi.org/10.15540/nr.12.1.79
https://doi.org/10.15540/nr.12.1.79
https://doi.org/10.15540/nr.12.1.79


NeuroRegulation http://www.isnr.org 
    

 
2 | www.neuroregulation.org Vol. 12(1):2–11  2025 doi:10.15540/nr.12.1.2 
  

Nonmusicians Experience Early Aging on Working Memory 
Tasks Compared to Musicians  
Kruthika Shankar* and Ajith Kumar Uppunda 
All India Institute of Speech and Hearing, Manasagangothri, Mysuru, India 
 

Abstract 

Background. Previous studies on musicians have revealed better working memory (WM) abilities in musicians 
than in nonmusicians. This study investigates whether the deterioration of WM with aging is slowed in musicians 
relative to nonmusicians by assessing their performances across an age continuum. Methods. A cross-sectional 
descriptive mixed design was used. The study involved 150 participants, 75 musicians, and 75 nonmusicians, 
with 15 musicians and 15 nonmusicians in each age group (10–19.11, 20–29.11, 30–39.11, 40–49.11, and 50–
59.11). Simple and complex spans were measured to assess the participant's WM capacity. Backward Digit Span 
(BDS) maximum and Reading Span Percent Correct Score Weighted (RS PCSW) scores were calculated. 
Results. Two-way ANOVA revealed significant main effects of musicianship (p < .001) and age (p < .05) on BDS 
maximum and RS PCSW scores. A “moderate to large” effect size was noted (ηp2 = 0.062 to 0.455). Interaction 
effects were observed for BDS maximum (p = .022) and approached significance for RS PCSW (p = .06). Post-
hoc analysis revealed that age effects were exclusively present in nonmusicians. Conclusion. Musical training 
can significantly reduce the cognitive decline associated with aging. It improves WM abilities, thereby minimizing 
the deleterious effects of aging. 
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Introduction 

 
The auditory system alters as we age, both 
physiologically and physically. These alterations 
may impact different parts of the auditory system, 
ranging from the external auditory canal to the 
auditory cortex of the brain, resulting in age-related 
hearing impairments such as presbycusis (Howarth 
& Shone, 2006). Even when hearing sensitivity is 
adequately preserved at conventional audiometric 
frequencies, aging may cause a loss in perceptual 
and cognitive ability (Houtgast & Festen, 2008). 
Thus, aging is connected with a decline in cognitive 
skills, with working memory (WM) impairment being 
a significant contributing component. WM refers to 
the ability to maintain and process information 
simultaneously while performing complex tasks. 
Attempts to prevent WM deterioration may assist 
older people in improving their quality of life 

(Matysiak et al., 2019). Finding ways to lessen  
age-related perceptual, cognitive, and neurological 
decline is crucial in a community that is aging. One 
such skill is learning music. 
 
Research in the last decade has highlighted 
professional musicians’ superiority in sensory, 
motor, and cognitive abilities compared to 
nonmusicians (Barrett et al., 2013; Kraus & 
Chandrasekaran, 2010). Music training is known to 
induce functional and structural brain plasticity 
(George & Coch, 2011; Talamini et al., 2016). 
Professional musicians are proven to have higher 
“active auditory association areas” than 
nonmusicians (Gaab & Schlaug, 2003). Therefore, 
musicians are commonly viewed as models for 
researching plasticity over their lifetime (Barrett et 
al., 2013; Kraus & Chandrasekaran, 2010). 
Musicians are said to outperform nonmusicians on 
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memory tasks (Bregman, 1990). WM is reported to 
be strengthened in musicians (Bregman, 1990; 
Martin, 2009). Nonetheless, some research 
indicates that musicians and nonmusicians function 
similarly in terms of short-term memory, WM, 
reasoning, or executive skills (Boebinger et al., 
2015; Helmbold et al., 2005). Thus, the WM 
performance is somewhat better for musicians than 
for nonmusicians. Still, the literature is unclear 
regarding the former’s potentially superior cognitive 
performances compared to the latter. 
 
Musicians are deemed to possess greater auditory 
WM (Chan et al., 1998; Talamini et al., 2016) and 
verbal and nonverbal IQ (Schellenberg, 2006). In a 
previous meta-analytic study, it was noted that when 
the participants chosen were younger, and the 
stimuli were verbal or tonal, musicians outperformed 
nonmusicians on memory tests; however, the 
outcomes were different when the participants 
selected were adults, and the stimuli were visual and 
spatial (Talamini et al., 2017). In another meta-
analysis, 13 studies were considered. Studies on 
aging musicians above 59 years of age assessed 
their cognitive abilities. The results indicated a clear 
advantage of music training in improving cognitive 
abilities in older adults (Román-Caballero et al., 
2018). 
 
Therefore, on cognitive tasks, age and music 
training have opposite impacts. According to a 
recent systematic review, the median age-related 
cognitive impairment prevalence was 19%, with a 
range of 5.1 to 41% in adults older than 50 years of 
age (Pais et al., 2020). The incidence was between 
22 and 76.8%, with a median of 53.97 per 1,000 
people. Because age-related processing deficits are 
highly prevalent and have detrimental effects on the 
older population, it is crucial to prevent, mitigate, or 
postpone them. Thus, older individuals may benefit 
from any effort to halt WM deterioration. 
Nonetheless, the literature has disagreement over 
the effectiveness of techniques like WM training 
methods (Matysiak et al., 2019).  
 
Music is a known facilitator that causes 
improvements in WM abilities. Several microtonal 
changes are found in Carnatic music, which are 
absent in Western classical music (Krishnaswamy, 
2004). This intrinsic microtonal emphasis in Indian 
music can be used to process temporal, pitch, and 
intensity changes in sound over different frequency 
channels, resulting in improved binaural and 
temporal resolution (Mishra et al., 2014). Until now, 
no study has looked at a range of ages to thoroughly 
examine how aging affects cognitive skills in 

musicians and nonmusicians. This research will 
provide insight into when aging begins and when its 
degenerative effects manifest in musically trained 
and untrained groups. The results on musicianship 
advantage are also not definitive because a few 
studies have demonstrated that groups of musicians 
and nonmusicians perform similarly on such tasks. 
Thus, we investigated the WM capacities of vocalists 
of different ages and compared the results to 
cohorts of nonmusicians of similar ages. 
 
Therefore, the current study aimed to examine the 
auditory cognitive capacities of musicians and 
nonmusicians throughout a range of ages. The goal 
was to investigate how age affected WM tasks in 
musicians and nonmusicians. Tests such as the 
Backward Digit Span (BDS) and reading span (RS) 
were administered to determine WM skills. 
Participants in a continuum of age ranges were 
assessed in the musician and nonmusician groups. 
 

Methods 
 
A cross-sectional descriptive study with a mixed 
design was carried out. Using convenient sampling, 
the individuals were chosen. Before the study 
began, all participants were informed of its purpose 
and objective. The participants were asked to sign 
an informed consent form if they were willing to 
participate, and signed consent was obtained before 
commencing data collection. The investigation 
complied with "All India Institute of Speech and 
Hearing’s ethical guidelines for bio-behavioral 
research involving human subjects" (Venkatesan & 
Basavaraj, 2009).  
 
Participants 
The study evaluated 150 participants (N = 150), 75 
musicians and 75 nonmusicians, in five age groups: 
10–19.11 years, 20–29.11 years, 30–39.11 years, 
40–49.11 years, and 50–59.11 years. In each age 
group, there were 15 musicians and 15 
nonmusicians. According to Muñoz-Pradas et al. 
(2021) and Sluzenski et al. (2006), WM—which 
consists of components like the phonological loop, 
visuospatial sketch pad, central executive, and 
episodic buffer—is known to develop adult-like 
capacities from ages 8 to 9, 11 years, 14 to 15 
years, and by six years, respectively. The BDS task, 
which measures WM ability, reaches adult-like 
maturation by 11 to 11.5 years of age (Reynolds et 
al., 2022), with an average BDS score of 4.2, which 
is comparable to that reported for adults (Gignac, 
2015; Gignac & Weiss, 2015). Another study 
indicated that auditory processing skills matured 
only after age 11 (Yathiraj & Vanaja, 2015). Based 
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on the information from the above studies, the 
specified age ranges were chosen for the study. 
 

The Mini-Mental State Examination (MMSE; Folstein 
et al., 1975) was used to test older individuals (aged 
50 to 59.11 years) for cognitive capacities before 
they took part in the study. Individuals with scores 
higher than 24 were included in the research study. 
Elderly individuals who scored above 50% on the 
Screening Checklist for Auditory Processing in 
Adults (SCAP-A) were excluded from the study 
(Vaidyanath & Yathiraj, 2014). For the younger age 
group, the participants had received vocal training in 
Carnatic classical music for a minimum of 5 years in 
the youngest age group, while for the other age 
groups the training received was at least 10 years. 
The study did not include the instrumentalists. 
 
Test Environment 
All audiological evaluations took place in a calm 
setting with sufficient ventilation and light. To ensure 
that the tested sounds could be clearly heard and 
fairly evaluated, a "silent setting" with low 
background noise levels was used. 
 
Instrumentation, Materials, and Software 
Using MATLAB (version R 2014a) loaded on an HP 
laptop and the maximum likelihood procedure (MLP; 
Grassi & Soranzo, 2009), the absolute threshold test 
was conducted to evaluate hearing thresholds. A 
calibrated immittance equipment (Path Medical 
Sentiero) was used to conduct tympanometry and 
acoustic reflex tests. Transient-evoked otoacoustic 
emissions (TEOAEs) were recorded using the Maico 
Ero Scan screening otoacoustic emission (OAE) 
instrument. Using an HP laptop and Smriti-Shravan 
(Kumar & Sandeep, 2013), an institutional software 
with an audio-cognitive training module, the auditory 
cognitive WM tests were conducted. Threshold 
estimations and cognitive testing were performed 
using Sennheiser HD-569 high-fidelity headphones 
(Denmark, Germany). The stimulus was delivered 
through headphones at 70 dBSPL calibrated using 
SLM (Larsen and Davis Sound Advisor Model-831c-
Type 1 SLM with AEC201 ear simulator with a 
frequency range up to 16 kHz) with the laptop 
volume set to deliver 70 dBSPL. 
 
Procedure  
The test was performed in two phases. In the initial 
phase, a brief case history was obtained. 
Subsequently, the MMSE and SCAP-A tests were 
conducted (limited to older adults aged 50–59.11 
years). Basic audiological tests were also performed, 
including OAE, immittance, and pure tone 

audiometry. The second phase involved 
administering cognitive tests.  
 
The absolute threshold test was used for threshold 
estimation using the MLP approach. Pure tones with 
10 ms cosine-squared envelopes and frequencies 
ranging from 250 Hz to 8 kHz were presented 
binaurally. The psychometric function that gives the 
maximum likelihood of getting the response is 
displayed as the next stimulus in MLP to maximize 
the potential of reaching the threshold with fewer 
trials. Binaurally delivered thirty stimuli were used to 
test thresholds. The yes–no method was employed, 
in which individuals reported hearing the sound or 
not. Thus, MLP was used to determine each 
participant’s pure tone thresholds for both ears. The 
threshold was the mean between the level not heard 
and the level last heard by the participant. The 
thresholds were compared to the absolute threshold 
values of MLP obtained on 30 individuals. They 
were not a part of the study participant sample. They 
were selected through the convenience sampling 
method. Their hearing thresholds were within 15 
dBHL at all audiometric frequencies, and their MLP 
thresholds were taken as a reference for comparison 
and threshold determination. Tympanometry was 
assessed using a 226 Hz probe tone frequency at 
85 dBSPL and increasing pressure from −400 to 
+200 daPa at a rate of 200 daPa/s. Reflex testing 
was done at 500 and 1000 Hz.  
 
Auditory Cognitive Tests. Cognitive capacities, 
notably WM, deteriorate with aging (Matysiak et al., 
2019). Many cognitive tasks, such as understanding 
different languages, logical thinking, and solving 
problems, depend on WM (Vuontela et al., 2003). 
The BDS and RS tests from Smriti Shravan software 
were used in assessing musicians' and 
nonmusicians’ auditory WM abilities as they are the 
most valid measures of WM capacities in humans 
(Conway et al., 2005). 
 
Backward Digit Span Test. Eight digitally recorded 
Kannada numbers (between 1 to 8, except 2) with a 
sampling frequency of 44.1 kHz were presented 
binaurally at an intensity of 70 dBSPL. The 
interstimulus interval was 1 s. Participants were 
instructed to enter them in reverse order according 
to how they heard the numbers. A practice trial was 
conducted. The test began with two digits. Following 
each correct response, the subsequent series of 
numerals included one additional digit. Each 
incorrect response resulted in the deduction of one 
of the digits from the previous sequence. This 
method was repeated six times. The backward span 
scores were calculated by taking the mean of the 
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last four reversal points. The BDS test’s maximum 
score was used for analysis purposes (BDS 
maximum). 
 
Reading Span Test. The RS test involved 
determining whether a Kannada statement was 
correct (secondary task) regarding meaning or logic 
while memorizing and recalling the bisyllabic words 
in Kannada (primary task) presented alternatively 
after each statement. Each trial had different types 
of primary and secondary tasks, so the participants 
could not estimate the difficulty level. It was 
investigated how accurately the participants 
completed the primary and secondary tasks. Each 

display in the RS task displayed a statement that 
either was meaningful or was not meaningful, 
followed by a CV syllabic word. (e.g., Naukaranige 
varʃad̪alli eradu baːri maːt̪ra katʃɛːrige ho:galu 
anumat̪i ni:ɖala:gut̪t̪ad̪e followed by /tʃa:ku//). Half of 
the statements in the test were meaningful, while the 
other half were meaningless and were presented 
randomly. The subjects responded by saying correct 
or incorrect. Each trial featured two to five sentences 
and bisyllabic word items. Three trials of each length 
were presented, making around 12 trials. An 
example set of stimuli from the reading span test is 
shown in Figure 1. 

 
 

Figure 1. An Example of a Stimulus Used in the Reading Span Test.  

 
 
 
Following the presentation of all trial items, the 
subject was asked to recollect every word after each 
sentence in the order in which they occurred. 
Participants were tested on their ability to remember 
all words correctly. The Reading Span Percent 
Correct Score Weighted (RS PCSW) measure was 
calculated. This measure sums together the 
elements that were recalled correctly, regardless of 
whether the items were perfectly recalled (and does 
not take serial order within items into account; 
Conway et al., 2005). A weighted score means that 
all the words will have similar weightage. If the word 
was recalled, it received a score of one; otherwise, it 
received a score of zero. The average of 12 trials 
yielded 12 values, divided by 12, which led to the RS 
PCSW score. The accuracy of the secondary task 
was also recorded, with a minimum of 85% needed 
as a criterion for the analysis of the RS PCSW score 
(Sanchez et al., 2010). 

Results 
 
The mean and standard deviation (SD) of age and 
four-frequency pure tone average (PTA) for 0.5, 1, 2, 
and 4 kHz were calculated using descriptive 
statistics. Independent t-tests revealed no significant 
differences between the pure tone threshold values 
of musicians and nonmusician groups at octave 
frequencies (from 250 Hz to 8 kHz) in each age 
group in both ears (p > .05). Reflexes were present 
at 500 Hz and 1000 Hz in both ears in nonmusician 
and musician groups across different age groups. 
OAEs were present in both groups and across 
different age groups, passing the 6 dB criteria for 
indicating their presence. Figures 2 and 3 show the 
mean and SD values for pure tone thresholds for the 
right and left ear, respectively, for musicians and 
nonmusicians.
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Figure 2. Mean and One SD (Error Bars) of Pure Tone Thresholds for 
Musicians and Nonmusicians for the Right Ear.  

 
 
 

Figure 3. Mean and One SD (Error Bars) of Pure Tone Thresholds for 
Musicians and Nonmusicians for the Left Ear. 

 
 
Similarly, descriptive statistics were performed to 
determine the mean and SD values of the 
dependent variables, namely the BDS maximum and 
RS PCSW scores. Shapiro Wilk’s test of normality 
showed a bell-shaped distribution for all cognitive 
measures at different age groups (p > .05). Hence, 

parametric tests were used for statistical analyses. 
Figures 4 and 5 show the mean and SD values of 
BDS maximum and RS PCSW scores, respectively, 
for musicians and nonmusicians across different age 
groups. 
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Figure 4. Mean and SD (Error Bars) for BDS Maximum Scores Across Different 
Age Groups in Musicians and Nonmusicians.  

 
 
 

Figure 5. Mean and SD (Error Bars) for RS PCSW Scores Across Different Age 
Groups in Musicians and Nonmusicians.  

 
 
 
Effect of Aging and Music Training on Auditory 
Cognitive Tests 
Backward Digit Span Test. A two-way ANOVA 
(analysis of variance) was administered to assess 
the effects of aging and music training on BDS 
maximum score. Results of two-way ANOVA with 
musicianship and age group as the between-subject 
factors indicated that there was a significant 
musicianship effect, F(1, 140) = 78.999, p = .001, 
ηp2 = 0.361; there was a significant age effect,  
F(4, 140) = 4.280, p = .003, ηp2 = 0.109; and an 
interaction effect between musicianship and age 
effects, F(4, 140) = 2.950, p = .022, ηp2 = 0.078. 

The interaction effect is noted when the effect of one 
independent variable (musicianship) varies 
depending on the level of another independent 
variable (age groups). One-way ANOVA was 
conducted to resolve the interaction effects with age 
groups as the between-subject factor on 
nonmusicians and musicians. The test indicated a 
significant main effect of age groups in 
nonmusicians, F(4, 70) = 8.179, p = .001, ηp2 = 
0.319. However, there was no significant age effect 
in musicians, F(4, 70) = 0.613, p = .654, ηp2 = 
0.034. Independent t-tests were done to assess 
further the age effect noted in nonmusicians, and 

Musicians 
Nonmusicians 

Musicians 
Nonmusicians 
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Bonferroni’s corrections were applied. Post-hoc 
analysis with Bonferroni’s corrections for multiple 
comparisons indicated an effect of aging and its 
influence on test results only in nonmusicians. The 
impact of aging on this task initiates from 40–49.11 

years in nonmusicians. However, there was no 
significant difference across different age groups 
among musicians. The outcomes are displayed in 
Table 1 below. 

 
 
Table 1 
Results of Independent t-Tests in Nonmusicians Across Different Age Groups on BDS Maximum Scores 

Age Groups t value df p-value 

10–19.11 & 20–29.11 0.977 28 1.000 

10–19.11 & 30–39.11 1.703 28 .500 

10–19.11 & 40–49.11 3.035 28 .020 

10–19.11 & 50–59.11 3.543 28 .005* 

20–29.11 & 30–39.11 2.699 28 .06 

20–29.11 & 40–49.11 3.910 28 .005* 

20–29.11 & 50–59.11 4.384 28 < .001** 

30–39.11 & 40–49.11 1.765 28 .44 

30–39.11 & 50–59.11 2.414 28 .115 

40–49.11 & 50–59.11 0.584 28 1.000 
Note. df - degrees of freedom; p - significance level. *p < .01, **p < .001. 
 
 
Reading Span Test. Results of two-way ANOVA 
with musicianship and age group as the between-
subject factors indicated that on RS PCSW 
measure, a significant main effect of musicianship, 
F(1, 140) = 116.760, p = .001, ηp2 = 0.455, and an 
age effect, F(4, 140) = 3.382, p = .011, ηp2 = 0.088 
were found; however, a significant interaction effect 
was not seen, F(4, 140) = 2.320, p = .060, ηp2 = 
0.062. Since the interaction effect approached 
significance levels (p = .060), post-hoc analysis 
using one-way ANOVA was carried out across age 
groups to deconvolute the possible interaction effect. 
The test results revealed that there was a significant 
main effect of age groups in the nonmusician group, 
F(4, 70) = 4.006, p = .006, ηp2 = 0.186, whereas the 
same was not present in the musician group,  
F(4, 70) = 0.705, p = .591, ηp2 = 0.039. Age effects 
in nonmusicians were analyzed using independent  

t-tests. Bonferroni’s corrections for multiple pair 
comparisons were used subsequently. The results 
suggested that aging degrades RS tasks only 
selectively in nonmusicians and that the age effects 
were evident in the 50–59.11-year-old age group. 
The outcomes are presented in Table 2 below. 
 
A popular method to evaluate effect size in the 
context of ANOVA and other statistical tests is partial 
eta squared (ηp2). After adjusting for other 
variables, it shows the percentage of the dependent 
variable's overall variability that can be attributed to 
a specific independent variable (Cohen, 2013; 
Richardson, 2011). The current study indicated a 
“moderate to high” effect size (ηp2 = 0.062 to 0.455) 
on BDS maximum and RS PCSW measures, 
indicating the statistical significance of music training 
in improving cognitive capacities. 
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Table 2 
Results of Independent T-Tests in Nonmusicians Across Different Age Groups on RS PCSW Scores 

Age Groups t value df p-value 
10–19.11 & 20–29.11 0.357 28 1.000 

10–19.11 & 30–39.11 1.875 28 .355 

10–19.11 & 40–49.11 2.072 28 .24 

10–19.11 & 50–59.11 3.810 28 .005* 

20–29.11 & 30–39.11 1.436 28 .81 

20–29.11 & 40–49.11 1.552 28 .66 

20–29.11 & 50–59.11 3.158 28 .02 

30–39.11 & 40–49.11 0.075 28 1.000 

30–39.11 & 50–59.11 1.574 28 .635 

40–49.11 & 50–59.11 2.041 28 .255 
Note. df - degrees of freedom; p - significance level. *p < .01, **p < .001. 
 
 

Discussion 
 
The results of the current study indicated that 
musicians showed a definite advantage compared to 
nonmusicians on WM tasks. Also, the process of 
aging occurs differently in musicians and 
nonmusicians. Musicians remain less affected by the 
degenerative effects of aging on cognition. 
 
Effect of Aging and Music Training on Auditory 
Cognitive Tests  
Backward Digit Span Test. Results indicated that 
musicians did not show the consequences of aging 
on the BDS maximum score. However, 
nonmusicians showed age effects at 40–49.11 
years. BDS task assesses the complex verbal task 
that measures the maintenance and manipulation of 
memorized verbal information (Owen et al., 2005). 
According to an earlier study, only a slight difference 
was noted between musicians and nonmusicians in 
the BDS task compared to the forward span task, 
owing to the complexity of the task (Hansen et al., 
2013). A former study by Lee et al. (2007) concluded 
that children with musical training performed better 
than those without musical training on simple 
maintenance tasks like forward digit span tasks 
compared to more complex functions like BDS. 
However, in our study, musicianship had a 
significant advantage on a complex verbal recall 
task like BDS.  
 
Similar results of musician advantage on tasks of 
BDS have been reported previously in the literature, 

consistent with our findings, especially in adults (Zuk 
et al., 2014). A brief musical instrumental training 
program enhanced backward span performance but 
not forward span performance, according to Guo et 
al. (2018). Similar findings were discovered by 
Bergman Nutley et al. (2014), who showed that 
individuals and children with musical training fared 
better on BDS than their counterparts without 
training. BDS involves attending to the sequence of 
digits, forming auditory imagery and temporally 
sequencing the words and modifying them, similar to 
melody or rhythm imagery and imitation by 
musicians (Hansen et al., 2013). Playing or singing 
from memory emphasizes constantly sustaining and 
updating WM since it needs to match the music 
model stored in one’s memory (Saarikivi et al., 
2019). In an earlier study of WM assessment in 
musicians and nonmusicians, Talamini et al. (2016) 
found that musicians outperformed nonmusicians in 
their research unit of young people, regardless of 
the modality or complexity of digit span tasks, which 
is supportive of our study's results. 
 
Reading Span Test. Results indicated that 
musicians did not show the effects of aging. 
However, nonmusicians showed age effects at 50–
59.11 years. Franklin et al. (2008) compared 
musicians and nonmusicians to assess working and 
long-term memory on reading and operation span 
tasks. The study found that musicians outperformed 
nonmusicians in both tasks. The musicians in the 
current study might have used a sub-vocal rehearsal 
or sub-vocalization strategy to memorize the words, 
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as reasoned in a similar prior study (Hansen et al., 
2013). The current findings prove that verbal 
rehearsal mechanisms contribute to the verbal 
memory advantage associated with musical 
competence. Improved verbal memory may be due 
to better auditory cortex development (Helmbold et 
al., 2005), increased planum temporale volume, and 
left hemisphere activation in verbal memory tasks 
(Schlaug et al., 1995). Enhanced myelination and 
increased grey matter volume are also linked with 
improved WM task performance in musicians (Münte 
et al., 2002). Musicians process auditory stimuli 
more efficiently than nonmusicians (Tervaniemi et 
al., 2005). Similarly, with the RS task, superior 
performance in the audio-visual modality can be 
linked to the ability of the musically-trained brain to 
integrate information from different sensory 
modalities (Talamini et al., 2016). Additionally, music 
training may encourage chunking and other active 
learning strategies. Chunking is a strategy required 
to commit to a tune and transfer it to musicians' 
memory. Thus, musicians may outperform 
nonmusicians in WM tests using one or more such 
strategies (Talamini et al., 2017). 
 

Conclusions 
 
Music training can significantly slow the 
degenerative consequences of the aging process. 
Furthermore, our study found that music training 
increases cognitive capacities in people of various 
ages. Engaging in musical practice or giving music 
therapy may help to mitigate or reduce age-related 
cognitive losses (Maillard et al., 2023). Additionally, 
music instruction may also improve academic 
achievement in children and adolescents. This 
advantage may lead to improved job and career 
prospects once they reach maturity. Subjective 
outcomes must be correlated with objective test 
findings over a broad age range to encourage music 
learning and boost music-based rehabilitation, 
especially in the aging population. 
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Abstract  
Background. Over the past decade, psychological resilience has become a key focus in psychological science. 
However, most research relies on self-report and psychosocial assessments to explore resilience across different 
populations and contexts. Methods. This two-phased study examined resilience using self-reported measures 
and EEG recordings. Phase 1 involved a cross-sectional analysis of resilience and anxiety in young adults using 
correlation and regression analysis. Phase 2 utilized a grouped experimental design with EEG resting-state 
recordings to compare high- and low-resilience individuals. EEG data were collected using a 64-channel 
Geodesic Sensor Net, NetAmps 400 Amplifiers, and NetStation Acquisition 5.0 Software. Spectral analysis was 
performed for group comparisons. Results. Significant EEG differences emerged between high- and low-
resilience groups in the anterior midline, right frontal, right central, left parietal, and right parietal regions. Alpha 
band differences were predominantly frontal and right-sided, while beta band differences were posterior and left-
sided. Conclusions. Results of the two phased study bridge the gap between psychosocial measures and 
electrophysiological measures in the study of resilience and anxiety. A conceptual model based on the findings is 
outlined to guide future research to investigate the mechanism between resilience and clinical presentations of 
anxiety and/or depression at the psychosocial and electrophysiological level.  
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Introduction 

 
Psychological science has examined cognitive, 
emotional, psychosocial, and behavioral indices of 
response to stress or adversity for nearly four 
decades to grapple with the question of what makes 
individuals successfully cope with and overcome 
many adversities across their lifetime (Southwick & 
Charney, 2018). Stress and anxiety in adulthood is 
detrimental to happiness and optimal functioning 
(Joëls et al., 2007). Stress is a condition or set of 
conditions that perturbs the psychological and 
physiological balance of the individual compromising 
homeostasis (Franklin et al., 2012). Psychological 
resilience is the individual’s ability to engage 
metacognitive, emotional, behavioral resources to 

maintain a positive equilibrium and successfully 
adapt to adversity (Gupta & McCarthy, 2021; Prince-
Embury, 2014). Simply put, collision with adversities 
in life causes significant stress and/or trauma and 
resilience is what helps one to adapt (Luthar et al., 
2000). 
 
Resilience has been extensively researched from 
behavioral and psychosocial perspectives (Bonanno, 
2004; Bonanno & Diminich, 2013; Charney, 2004; 
Cicchetti, 2010; Feder et al., 2009; Holman, 2011; 
Masten, 2001). Evidence has identified states and 
protective factors associated with resilience 
(Fletcher & Sarkar, 2013). However, due to a lack of 
studies addressing both psychosocial and 
neuropsychological indices of resilience which 
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constitutes a glaring gap in the knowledge base 
(Feder et al., 2009). From a psychobiological 
foundation, resilience, the dynamic process of 
responses to adversity, consists of short- and long-
term responses that reduce allostatic load (Curtis & 
Cicchetti, 2007; Feder et al., 2009). Several 
anatomical loci and functional connectivity in specific 
networks of the brain have been highlighted as 
having a key role in stress resistance and/or 
vulnerability; for example, amygdala activation 
(Davidson & McEwen, 2012; Kim, 2011; Mahan & 
Ressler, 2012), the hippocamus-pituitary-adrenal 
(HPA) axis (de Kloet et al., 2005), the medial 
prefrontal cortex, and dorsal ralphe nucleus 
(Franklin et al., 2012).  
 
There is only limited research using EEG and/or 
functional magnetic resonance imaging (fMRI) that 
examines the neuropsychological foundations of 
resilience in healthy populations. Waugh et al. 
(2008) using task-based fMRI found that, when 
facing threats, participants with high resilience had 
prolonged activity in the insula to only adverse 
stimuli; however, participants with low resilience had 
prolonged activity in the insula to neutral and 
adverse stimuli. This suggests that individuals with 
greater resilience effectively adjust emotional 
resources used based on the situation. Kim and Bell 
(2006) linked the development of regulatory 
behavior, a predictor of resilience, to frontal 
asymmetry. Resilience was positive correlated with 
left orbitofrontal cortex and right amygdala activation 
in fMRI when firefighters had a relaxation versus a 
trauma script, indicating emotional reactivity to 
stress plays a role in resilience (Reynaud et al., 
2013). Kong et al. (2015) employed the regional 
homogeneity (ReHo) measure to explore neural 
correlates of trait resilience and discovered that 
higher ReHo in the anterior cingulate cortex (ACC) 
and the insula within salience network was 
associated with lowered trait resilience. The study, 
however, failed to find an association of resilience 
with other prefrontal cortex (PFC) regions such as 
the orbitofrontal cortex (OFC). Amyg-EFP-NF 
(amygdala activation guided neurofeedback training) 
reduces alexithymia and faster emotional Stroop 
indicating better resilience among soldiers (Keynan 
et al., 2019). This may be explained by the 
moderating influence of theta/beta ratio on the 
effects of stress on attention control biases (Putman 
et al., 2014). Using resting-state EEG measures 
from delta, alpha, and beta bands from healthy 
participants, Paban et al. (2019) have demonstrated 
a negative association between brain network 
flexibility and psychological resilience. A measure of 
autonomic response to emotion, the late positive 

potential (LPP) for negative pictures, was also 
reported to be negatively correlated with resilience, 
and this was seen to be driven primarily by 
optimism, a composite factor in resilience (Chen et 
al., 2018). However, a limitation of these studies is 
their focus on emotion processing. As such, except 
for Paban et al. (2019) who have examined flexibility 
of networks, no other study has examined if 
resilience affects the resting brain state in a holistic 
manner in order to generate markers of resilience.  
 
This study uses the framework of the multisystem 
model of resilience (Liu et al., 2017) which 
conceptualizes psychological resilience to be 
comprised of three structures. First, the innermost 
layer (i.e., physiological and demographic profile); 
second, the intermediate layer (i.e., internal factors 
psychological makeup, personal experiences); and 
third, the outer later (i.e. external, environmental 
factors). However, except for a few studies (Kong et 
al., 2015; Paban et al., 2019; Reynaud et al., 2013; 
Waugh & Koster, 2015), none have focused solely 
on exploration of the biological component. To 
address this gap, we build upon extant evidence that 
hypothesized resilience to be linked to regions within 
the PFC ACC and medial PFC (mPFC; Liberzon & 
Sripada, 2007; Milad et al., 2009; Sekiguchi et al., 
2015). The study is a two-staged study with 
psychosocial indices of resilience being confirmed in 
the sample before a pilot exploration of 
electrophysiological indices. In doing so, this study 
finds significance by combining self-reported 
psychosocial aspects of resilience with 
electrophysiological EEG markers to provide a 
holistic insight into psychological resilience. 
Resilience has an inverse relationship with anxiety in 
young adults (Chesak et al., 2019; Connor & 
Davidson, 2003; Roberts et al., 2021; Steinhardt & 
Dolbier, 2008), acting as a protective factor (Dray et 
al., 2017; Gupta & McCarthy, 2021, 2022; Shin & 
Choi, 2020; Song et al., 2021). Therefore, resilience 
to stress and anxiety provides fertile ground to 
investigate neural differences in resilience. Hence in 
the current study, the first phase measured 
resilience and anxiety levels and identified a group 
of individuals with high resilience–low anxiety and 
low resilience–high anxiety. Subsequently, a 
selected small sample from both groups underwent 
EEG recording with a 64-channel EEG system. This 
novel study reports on the relationship between 
resilience and anxiety and aims to formulate an 
understanding of an electrophysiological profile for a 
resilient individual and, in particular, seeks to 
establish markers in the EEG of individuals with high 
psychological resilience and low anxiety as 
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compared to individuals with low psychological 
resilience and high anxiety. 
 

Method 
 
Recruitment and Screening (Phase 1) 
Participants (n = 130) were recruited from population 
from young adults (Agerange = 18–24). For Phase 1 
(i.e., screening phase), purposive multi-stage 
sampling was conducted to ensure equal distribution 
of males and females based on sampling criteria. 
Individuals with diagnosed mental health disorders, 
learning disabilities, or sensory or motor deficits 
were excluded from the study since the goal was to 
understand EEG signature of resilience in healthy 
adults. Individuals with formal training in muscle 
relaxation, biofeedback or neurofeedback, and yoga 
were excluded to control again extraneous variables, 
since they act as a protective factor against anxiety. 
The study was reviewed and approved by the 
CHRIST (Deemed to be University) Ethics 
Committee (CU-RECEC-8/19). Participants were 
briefed on the procedures of the study, voluntary 
withdrawal rights and data protection protocols. 
Informed consent was obtained.  
 
Procedure 
Purposive sampling was undertaken for Phase 1 
screening. Participants (n = 130) were briefed on the 
aims and objectives of the study and informed 
consent was obtained in line with the American 
Psychological Association code of ethics for 
psychologists. Participants were provided physical 
copies of the informed consent, demographic details 
questionnaire, and psychometrics. Identifying 
information was anonymized prior to screening 
analysis to mitigate potential bias. Psychometric 
measures were used to screen for psychological 
resilience, perceived stress, and anxiety.  
 
Measures 
Brief Resilience Scale (BRS). The BRS developed 
by Smith et al. (2008) is a six-item measure of 
resilience to adapt and bounce back from stress and 
anxiety. BRS has been validated in young adults, 
cardiac patients, fibromyalgia, vocational 

rehabilitation adults, and among individuals with high 
anxiety and healthy controls (Jones et al., 2016; 
Kyriazos et al., 2018; Salah et al., 2021). It has 
adequate internal consistency across validation 
studies ranging from Cronbach’s α of 0.71 to 0.91. 

 
Perceived Stress Scale (PSS). PSS developed by 
Cohen et al. (1994) is a widely validated instrument 
that measures the perception to stress (i.e., the 
degree to which situations are appraised as 
stressful). Items are designed to tap into how 
unpredictable, uncontrollable, and overloaded 
respondents find their lives via their cognitive and 
affective responses. Review evidence highlights the 
PSS-10 item questionnaire used in this study has 
consistency internal reliability across multiple studies 
Cronbach’s α greater than 0.70 (see Lee, 2012), 
which indicates adequate reliability.  
 
Beck’s Anxiety Inventory (BAI). BAI (Steer et al., 
1990) consists of 21 items which closely represent 
symptoms of severe anxiety. It measures the 
following factors: subjective anxiety, 
neuropsychological arousal, autonomic arousal, and 
panic (Beck et al., 1991) and has a high internal 
reliability (Cronbach’s α of 0.91) with a test–retest 
reliability of 0.75 (Beck et al., 1988). BAI has been 
evidence to be an effective screening measure of 
anxiety (Chapman et al., 2009; Leyfer et al., 2006) 
and has been used in nonclinical samples (Creamer 
et al., 1995). 
 
Phase 1 Data Analysis. Data was scored according 
to the scoring instructions for each of the 
psychometric scales. Data was transferred to 
Microsoft Excel for sorting and scoring for Phase 1. 
Correlation and regression analysis was conducted 
using SPSS 20 to evaluate the relationship between 
resilience and anxiety in psychometric data 
obtained. In line with screening criteria, individuals at 
extreme valences scores of high resilience (4≥), high 
anxiety (30≥), low resilience (3≤), and low anxiety 
(21≤) were screened as eligible and were invited to 
participate in Phase 2 of the study. See Figure 1 for 
Phases of research.  
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Figure 1. Procedural Research Phases Chart. 

 
 
 
Phase 2 Design and Participants 
Study used an experimental design comparing EEG 
data of two groups on eyes-open and eyes-closed 
experimental conditions. Single-blind group 
assignment was conducted, and the EEG was 
recorded. Phase 1 screening rendered 30 potential 
participants meeting eligibility criteria. Potential 
participants were approached for voluntary 
participation in Phase 2 (i.e., EEG recording). Final 
study consisted of 12 study volunteers (18–24 years 
of age, 9 women and 3 men). Participants were 
assigned to groups in line with grouping criteria. 
Individuals with psychometric scores of high 
resilience and low anxiety were assigned to  
Group A. Individuals with psychometric scores of low 
resilience and high anxiety were assigned to  
Group B (see Table 1). The participants had no 
current or previous history of relevant physical 
illness (head injury, epilepsy) and they had not 
consumed any caffeinated beverage, drugs, or 
medication known to affect their EEG. 

EEG Recording Sessions 
The participants were seated comfortably in a dimly 
lit sound attenuated room. EEG data were recorded 
using a 64-channel Geodesic Sensor Net, NetAmps 
400 Amplifiers, and NetStation Acquisition 5.0 
Software (EGI, Inc., Eugene, OR). Scalp 
impedances were kept below 50 kΩ. The data was 
recorded as referenced to Cz with 250 Hz sampling 
rate. Data was viewed using 0.1 to 70 Hz band pass 
filter and a Notch filter at 50 Hz and monitored 
during the recording. All recordings were conducted 
in the afternoon (12:00 pm to 2:00 pm) or evening 
(4:00 pm to 6:00 pm). The participants were 
instructed to relax, and EEG was recorded for 3 min 
each for both eyes-open and eyes-closed 
conditions.  
 
EEG Data Preprocessing and Editing 
The data were imported offline into Matlab R2016b 
(The Matworks, Natick, MA, USA) environment using 
EEGLAB v 14.1.2b (Delorme & Makeig, 2004) and  
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Table 1 
Demographic Information of Phase 2 Participants 
Participant 

Code Sex Age Electronic 
Devices (hr) Handedness Regular 

Exercise Group BRF BAI 

RE3006 F 21 3 88.25 (Right Handed) YES A 4.33 18 

RE3034 M 24 3 100 (Right Handed) NO A 4.16 2 

RE3001 F 22 4 100 (Right Handed) NO A 4.16 18 

RE3003 F 20 5 100 (Right Handed) YES A 4 4 

RE3004 F 21 2 100 (Right Handed) NO A 4.5 5 

RE3005 F 21 8 100 (Right Handed) NO A 4.16 3 

RE2007 F 19 3 100 (Right Handed) YES B 2.83 34 

RE2006 F 21 4 100 (Right Handed) YES B 2.33 32 

RE2002 F 19 5 100 (Right Handed) YES B 2.5 43 

RE2005 F 21 5 100 (Right Handed) NO B 2.66 38 

RE2004 F 20 3 100 (Right Handed) YES B 2 32 

RE2003 M 18 5 100 (Right Handed) NO B 2.83 34 
Note. RE3006, RE3033, RE3001, RE3003, RE3004, RE3005 are categorized as the high resilience group; and RE2007, 
RE2006, RE2002, RE2005, RE2004, RE2003 are classified as the low resilience group. 
 
 
mffmatlabio2.02 (Pernet et al., 2019) importer for 
EGI files to preprocess the raw data. The data was 
first bandpass filtered between 0.1–45 Hz. Bad 
channels were identified after manual scanning of 
each file and subsequently these channels were 
excluded from the files. Hence, only some files did 
not contain data from F10, F9 and T9 channels. Eye 
electrode channels (61, 62, 63, and 64) were also 
excluded for all files.  
 
Next the data was segmented into 2-s epochs and 
the epochs with artifacts (eye blinks, EMG etc.) were 
rejected via visual inspection. All files with at least 
90 s of good data were used. Four participants had 
only 46 s worth of good data for eyes-open 
condition. All data files were then rereferenced to 
average reference prior to the spectral analysis. 
 
Spectral Analysis. Fast Fourier transform was 
applied using the Darbeliai plug-in (Baranauskas, 
2009) for EEGLAB which uses the Welch’s method 
to calculate FFT (window length = 1.996 s, no 
overlap). Absolute power was computed for all 
electrodes with good data for the following frequency 
bands: delta (1–3.5 Hz), theta (4–7.5 Hz), alpha1 
(8–10 Hz), alpha2 (10–12 Hz), beta1 (13–15.5 Hz), 
beta2 (16–20.5 Hz), beta3 (21–30.5 Hz), and 

gamma (31–49.5 Hz). This was computed for both 
eyes-open and eyes-closed conditions.  
 
Statistical Analysis. Absolute power data for both 
eyes-open and eyes-closed conditions was log 
transformed and subsequently analyzed for low 
anxiety versus high anxiety group differences using 
SPSS 20. For analysis, first log power data for each 
frequency band was aggregated into eight regional 
averages by grouping electrodes based on 
topographic contiguity. The regions were labelled as 
follows: anterior midline, posterior midline, left 
parietal, right parietal, left central, right central, left 
frontal, and right frontal (Figure 2). The regional 
averages were compared across groups (low 
resilience versus high resilience) using ANOVA. 
 
Absolute power, in the eyes-open condition, for 
alpha1 (8–10 Hz) and alpha2 (10–12 Hz) for left 
frontal electrodes was subtracted from absolute 
power in the right frontal to create the frontal 
asymmetry score. Greater right frontal asymmetry 
values are positive and greater left frontal 
asymmetry values are negative.  
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Figure 2. Head Plot Showing the Various Regional 
Electrode Groups. 

 
 
Note. Electrode grouping provided in Appendix A. 
 
 
Ethical Considerations 
Eligible participants for Phase 2 of the study were 
briefed on the EEG procedures and informed 
consent was obtained in line with the American 
Psychological Association code of ethics for 
psychologists. The study was reviewed and 

approved by the CHRIST (Deemed to be University) 
Ethics Committee (CU-RECEC-8/19). Participants 
were debriefed post-EEG recording. Identifying 
information such as legal name, address, and 
contact information data was anonymized with a 
participant code and stored in an encrypted drive 
with sole access for the research team in line with 
general data protection regulation (Voigt & von dem 
Bussche, 2017). Participants were informed of the 
voluntary nature of the study and their right to 
withdraw at any point.  
 

Results 
 
Phase 1 of the study aimed to assess the 
relationship between resilience and anxiety at 
obtained from psychometric self-report tests of the 
larger sample prescreening (n = 130). Shapiro-Wilk 
test of normality revealed data was not normally 
distributed (Resilience W = 0.026; Anxiety  
W = .000). Hence, Spearman’s correlation was 
used, and results indicated a significant negative 
correlation between resilience and anxiety  
(r = −0.392, p < .01). Linear regression analysis 
indicated that increase in resilience significantly 
predicted a decrease in anxiety in this sample  
(β = −6.778, p < .01; see Table 2 below). 

 
 
Table 2 
Linear Regression Model Between Resilience and Anxiety in Phase 1 Sample (n = 130) 

Predictor Beta t R2 ΔR2 F D-W 

Resilience −6.778 −4.800 0.154 0.147 23.038* 1.749 
*p < .01. 
 
 

Results (Phase 2) 
From the subsample selected for EEG study, 
statistical analysis of EEG absolute power data from 
eyes-closed and eyes-open condition was 
conducted. ANOVA results revealed significant 
regional differences between the low resilience 
versus high resilience group only in the eyes-open 
EEG for high alpha and all beta bands (see Tables 
3–5). Specifically, significant differences were 
identified between high resilience and low resilience 
groups in anterior midline region, F(1, 10) = 5.031,  
p = .049); right frontal region F(1, 10) = 5.715,  
p = .038); right central region, F(1, 10) = 7.758,  
p = .019); left parietal region, F(1, 10) = 6.660,  
p = .027); and right parietal region, F(1, 10) = 5.440, 
p = .042). The difference in EEG Alpha band 
showed a strong frontal and a right-sided 
preponderance while the beta band findings were 

more posterior and left, when comparing between 
high and low psychological resilience group. 
 
Table 4 shows the comparison of means for all eight 
frequency bands for the high and low resilience 
groups in eyes-open condition. This table shows 
higher power in high alpha and lower power in  
beta 3 band in some regions for the high resilience 
group, which was not reflected in ANOVA analysis, 
perhaps owing to a very small sample size and high 
variability. Specifically, in high alpha band in eyes-
open condition, right frontal area displayed a 
difference with high resilience group showing higher 
activation (M = 11.25, SD = 13.62) compared to low 
resilience group (M = 1.94, SD = 0.65). Similar 
difference was found in anterior midline area with 
higher activation seen in high resilience group (M = 
16.13, SD = 20.29) compared to low resilience group 
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Table 3 
ANOVA Between High and Low Resilience Groups in High Alpha (10–12 Hz), Beta 1 (13–15.5 Hz), Beta 2 (16–
20.5 Hz), and Beta 3 (21–30.5 Hz) Absolute Power 

 
High Alpha 
(10–12 Hz)  

Absolute Power 

Beta 1 
(13–15.5 Hz)  

Absolute Power 

Beta 2  
(16–20.5 Hz)  

Absolute Power 

Beta 3  
(21–30.5 Hz)  

Absolute Power 

Region F Sig F Sig F Sig F Sig 

Anterior Midlines 5.031 0.049* 0.536 0.481 0.195 0.668 0.000 0.985 

Left Frontal 3.489 0.091 0.172 0.687 0.077 0.787 0.083 0.779 

Right Frontal 5.715 0.038* 0.442 0.521 0.088 0.773 0.357 0.563 

Left Central 4.469 0.061 2.503 0.145 3.276 0.100 5.036 0.049* 

Right Central 7.758 0.019* 1.071 0.325 1.548 0.242 0.367 0.558 

Left Parietal 6.660 0.027* 5.577 0.040* 5.347 0.043* 8.094 0.017* 

Right Parietal 5.440 0.042* 1.524 0.245 0.817 0.387 1.767 0.213 

Posterior Midlines 4.008 0.073 1.328 0.276 1.312 2.279 6.443 0.029* 

 
Table 4 
Mean and Standard Deviation of All Frequency Bands From the Eyes-Open Condition 

  Delta Theta Low Alpha High Alpha Beta1 Beta2 Beta3 

Left 
Frontal 

LR* 7.67 (1.81)^ 3.13 (1.72) 2.94 (1.69) 1.93 (1.00) 0.81 (0.48) 2.48 (3.28) 4.94 (5.90) 

HR** 7.67 (2.65) 3.20 (1.18) 3.31 (1.68) 8.95 (10.30) 0.84 (0.28) 1.34 (0.56) 2.59 (0.68) 

Right 
Frontal 

LR 7.28 (1.53) 3.19 (1.65) 3.07 (1.66) 1.94 (0.69) 0.88 (0.36) 2.33 (1.87) 7.69 (10.07) 

HR 10.03 (2.93) 3.94 (1.40) 3.42 (1.61) 11.25 (13.62) 1.02 (0.38) 1.66 (0.83) 2.64 (0.95) 

Anterior 
Midline 

LR 6.15 (1.44) 4.16 (2.95) 4.28 (2.48) 2.83 (1.44) 0.78 (0.54) 1.11 (0.46) 1.93 (1.45) 

HR 6.30 (1.5) 4.32 (2.43) 4.81 (3.19) 16.13 (20.29) 0.89 (0.36) 1.31 (0.75) 1.76 (0.92) 

Left 
Central 

LR 4.26 (1.41) 2.58 (2.35) 2.85 (2.27) 2.12 (1.32) 0.66 (0.46) 0.94 (0.50) 1.36 (0.72) 

HR 5.41 (1.10) 3.11 (1.07) 3.31 (2.00) 8.22 (8.13) 0.96 (0.34) 1.67 (0.92) 2.81 (1.57) 

Right 
Central 

LR 4.93 (1.91) 3.00 (2.36) 3.07 (2.40) 1.97 (1.00) 0.80 (0.51) 1.11 (0.49) 1.86 (0.70) 

HR 5.51 (1.23) 3.46 (1.48) 3.50 (1.87) 9.41 (8.50) 0.99 (0.35) 1.66 (0.91) 2.28 (1.30) 

Left 
Parietal 

LR 4.18 (1.05) 2.96 (2.58) 3.51 (2.00) 2.38 (0.88) 0.69 (0.32) 0.98 (0.50) 1.34 (0.51) 

HR 6.05 (1.96) 3.94 (1.48) 5.70 (4.42) 21.09 (28.06) 1.55 (0.75) 2.38 (1.36) 3.77 (2.28) 

Right 
Parietal 

LR 4.59 (1.53) 3.05 (2.28) 5.12 (2.70) 3.74 (2.30) 0.82 (0.46) 1.20 (0.22) 1.46 (0.50) 

HR 4.97 (1.05) 3.39 (1.48) 6.74 (4.50) 16.28 (10.27) 1.26 (0.53) 1.92 (1.28) 2.54 (1.62) 

Posterior 
Midline 

LR 7.48 (1.85) 3.80 (2.13) 7.34 (3.92) 5.26 (2.86) 1.21 (1.00) 2.33 (1.87) 1.29 (0.47) 

HR 7.81 (2.34) 4.32 (2.43) 8.32 (5.96) 39.05 (50.58) 1.75 (1.05) 1.66 (0.83) 3.06 (1.85) 

*LR = Low Resilience; **HR = High Resilience; ^ = Mean (SD). 
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(M = 2.83, SD = 1.44). High resilience group showed 
higher activation in right central (M = 9.41,  
SD = 8.50) and right parietal areas (M = 16.28,  
SD = 10.07). Hypothesis H2 stating differences 
between high and low resilience groups in alpha 
band and hypothesis H4 stating differences between 
high and low resilience groups in beta band stands 
supported.  
 
In eyes-closed condition (see Table 5), mean 
comparison of high resilience versus low resilience 
group revealed differences in the low alpha band 
A(8–10 Hz) in the left parietal area with high 
resilience group showing higher activation  

(M = 14.44, SD = 13.55) compared to low resilience 
group (M = 7.91, SD = 5.62). Many areas showed 
differences in high alpha band (10–12 Hz) between 
high resilience and low resilience groups. High 
resilience group showed higher activation of high 
alpha in right frontal (M = 14.65, SD = 13.60), 
anterior midline (M = 18.82, SD = 18.66), left central 
(M = 10.20, SD = 9.02), right central (M = 11.77,  
SD = 8.72), right parietal (M = 23.96, SD = 18.07), 
and posterior midline areas (M = 58.72, SD = 61.41). 
Therefore, hypothesis H3 stating differences 
between high and low resilience groups in delta 
band stands rejected.  

 
 
Table 5 
Mean and Standard Deviation of All Frequency Bands From the Eyes-Closed Condition 

  Delta Theta Low Alpha High Alpha Beta1 Beta2 Beta3 

Left 
Frontal 

LR* 13.89 (5.53)^ 5.49 (3.31) 6.84 (1.80) 5.43 (2.73) 3.16 (2.84) 2.78 (3.16) 3.16 (2.84) 

HR** 11.42 (2.05) 3.95 (1.40) 6.64 (4.29) 12.31 (12.19) 1.95 (0.66) 1.55 (0.79) 1.95 (0.66) 

Right 
Frontal 

LR 10.18 (3.38) 5.02 (2.98) 6.77 (1.78) 5.00 (2.22) 2.58 (1.69) 1.95 (1.33) 2.58 (1.69) 

HR 12.70 (4.66) 4.64 (1.54) 8.00 (4.94) 14.65 (13.60) 2.06 (0.77) 1.74 (0.84) 2.06 (0.77) 

Anterior 
Midline 

LR 9.48 (4.164) 6.09 (3.76) 9.96 (2.40) 7.62 (4.47) 1.69 (0.98) 1.67 (1.81) 1.69 (0.98) 

HR 10.31 (2.22) 5.36 (2.25) 11.66 (9.59) 18.82 (18.66) 1.78 (0.94) 1.77 (1.14) 1.78 (0.94) 

Left 
Central 

LR 7.75 (4.75) 4.87 (3.22) 5.71 (2.51) 4.09 (1.86) 1.69 (1.05) 1.45 (0.65) 1.69 (1.05) 

HR 6.34 (1.01) 3.90 (1.94) 6.20 (4.33) 10.20 (9.02) 2.18 (1.01) 1.74 (1.09) 2.18 (1.01) 

Right 
Central 

LR 8.92 (4.79) 5.90 (3.99) 6.25 (2.97) 4.30 (2.28) 1.89 (0.83) 1.49 (0.62) 1.89 (0.83) 

HR 7.06 (1.29) 4.41 (2.10) 7.32 (4.58) 11.77 (8.72) 2.14 (1.35) 1.95 (1.18) 2.14 (1.35) 

Left 
Parietal 

LR 6.69 (2.91) 5.05 (2.97) 7.91 (2.62) 5.09 (2.08) 1.80 (0.92) 1.59 (0.56) 1.80 (0.92) 

HR 8.79 (3.53) 5.80 (3.39) 14.44 (13.55) 25.02 (25.41) 3.42 (1.98) 3.14 (2.23) 3.42 (1.98) 

Right 
Parietal 

LR 8.39 (5.23) 6.37 (4.27) 14.99 (8.66) 9.85 (6.70) 1.72 (0.62) 1.87 (0.34) 1.72 (0.62) 

HR 7.78 (2.91) 5.32 (3.39) 14.70 (11.52) 23.96 (18.07) 2.44 (1.27) 2.59 (1.89) 2.44 (1.27) 

Posterior 
Midline 

LR 12.84 (7.28) 9.20 (6.23) 21.59 (6.74) 20.54 (14.87) 2.03 (1.08) 2.60 (1.22) 2.03 (1.08) 

HR 11.80 (5.99) 7.21 (5.43) 22.14 (17.73) 58.72 (61.41) 3.25 (1.81) 3.41 (2.57) 3.25 (1.81) 

*LR = Low Resilience; **HR = High Resilience; ^ = Mean (SD). 
 
  

http://www.neuroregulation.org/


Gupta and Reddy  NeuroRegulation  

 

 
20 | www.neuroregulation.org Vol. 12(1):12–28  2025 doi:10.15540/nr.12.1.12 
 

Figure 3. Topographic Plots for High Alpha (10–12 Hz) Absolute Power. 

 
Note. Top row: Left - High Resilience Eyes Closed and Right - High Resilience Eyes Open.  
Middle row: Left - Low Resilience Eyes Closed and Right - Low Resilience Anxiety Eyes Open. 

 
 
Topographical plots indicate differences in neural 
activation between high resilience group and low 
resilience group in both eyes closed and eyes-open 
condition in high alpha band (10–12Hz; see Figure 
3). Specifically, we observe differences in right and 

left frontal, orbitofrontal cortex, left and right parietal 
and right central areas in the eyes-closed condition. 
low resilience group shows minimal high alpha 
activity in eyes-open condition.   

 
 

Figure 4. Topographic Plots for Beta 3 (21–30.5 Hz) Absolute Power. 

 
Note. Top row: Left - High Resilience Eyes Closed and Right - High Resilience Eyes Open.  
Middle row: Left - Low Resilience Eyes Closed and Right - Low Resilience Anxiety Eyes Open.
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Table 6 
Frontal Asymmetry Index in Alpha1 (8–10 Hz) and Alpha2 (10–12 Hz) Absolute Power 

 Alpha1 Alpha2 

 LR HR LR HR 

Eyes Open 0.13 0.11 0.01 2.3 

Eyes Closed −0.07 1.36 −0.43 2.34 
Note. LR = low resilience group; HR = high resilience group. 
 
 
Topographical plots indicated marked differences in 
neural activation between high resilience group and 
low resilience group in both eyes-closed and eyes-
open condition in beta 3 band (21–30.5 Hz; see 
Figure 4). In eyes-closed condition, differences 
between high and low resilience groups were 
observed in the left and right frontal, right central, 
and posterior midline areas. In eyes-open condition, 
low resilience group showed high activation in the 
left and right frontal areas in beta 3 band (21–30.5 
Hz). 
 
Frontal asymmetry index was computed as the 
difference of right minus the left hemisphere 
electrode values for six pairs of electrodes (AF4-
AF3, F2-F1, F4-F3, F6-F5, F8-F7, F10-F9) and 
averaged to generate one measure for HR and LR. 
Positive values indicate greater right and negative 
values indicate a greater left balance. The analysis 
indicates high resilience group shows a stronger 
right frontal asymmetry in both eyes-open and eyes-
closed condition in alpha 1 (8–10 Hz) and alpha 2 
(10–12 Hz) bands. Low resilience group shows 
greater left frontal asymmetry in eyes closed 
condition in alpha 1 (8–10 Hz) and alpha 2 (10–12 
Hz) bands.  
 

Discussion 
 
One of the results which evaluated the self-reported 
resilience and anxiety levels indicate a significant 
relationship between resilience and anxiety, with 
higher resilience inversely predicting anxiety in the 
regression model. The finding reflects extant 
literature across cultural contexts indicating 
resilience acts as a protective factor against anxiety 
(Jefferies et al., 2021; Song et al., 2021). Framing 
this finding with the multisystem model of resilience 
(Liu et al., 2017), this is the intermediate layer (i.e., 
internal factors psychological makeup, personal 
experiences) and outer later (i.e., external, 
environmental factors) of resilience. In selected 
participants for Phase 2 of the study, high resilience 
individuals reported low to moderate perceived 

stress and anxiety (see Table 1). This finds support 
in multiple types of evidence in literature which 
outlined how moderately stressful and anxiety-
provoking events (perceived as tolerable) increase 
resilience levels often through stress inoculation, 
steeling, and anxiety-driven resilience (Cathomas et 
al., 2019; Crane et al., 2019; Dooley et al., 2017; 
Feder et al., 2019; Jefferies et al., 2021; Malhi et al., 
2019). 
 
Phase 2 study results indicate a robust difference in 
the scalp resting electrical patterns of high and low 
resilience groups (as measured by psychometric 
testing) in the eyes-open state as measured using 
noninvasive brain recordings (EEG) in eyes-open 
and eyes-closed condition (resting-states only). Our 
results indicate that high resilience group had 
greater high alpha band power in the right central, 
right and left parietal regions. High resilience group 
also had higher beta 3 power in left central, left 
parietal and posterior midline regions, suggesting a 
left and posterior preponderance. Functional 
neuroimaging studies associated with resilience are 
limited with most studies focused on clinical patient 
populations such as depression, trauma, PTSD, and 
anxiety disorder, where there are alterations present 
in emotion and stress regulation brain circuitry (van 
der Werff et al., 2013). Interestingly, our result 
suggesting resting-state changes may be in line with 
the findings of Kong et al. (2015) who reported that 
resilience has a significant negative correlation with 
rs-fMRI signals in bilateral insula, and rostral anterior 
cingulate cortex. The insula may be key to the 
resilience process due to its importance in human 
emotional processes (Uddin et al., 2017), while the 
ACC is linked to affect regulation (Stevens et al., 
2011) which is a key component of resilience. Figure 
5 below outlines a preliminary model on the 
operation of psychological resilience based on the 
findings of this pilot study and the trends highlighted 
during literature review. 
 
Paban et al. (2019) used a dynamic network analysis 
of EEG data to identify key regions belonging to the 
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“core functional network” outlined by van den Heuvel 
et al. (2009) as characteristics of high psychological 
resilience. This network includes regions involved in 
the cognitive processes of top-down attentional 
control (superior parietal cortex; Sestieri et al., 
2017), decision-making in the OFC (Schuck et al., 
2018) and cognitive-behavioral regulation (Bush et 
al., 2000) which oscillates in a fast-frequency beta 
band linked to reflect aspects of sensory information 
processes (Hong et al., 2008). Results from our 
study supports the conclusions drawn by Paban et 
al. (2019) indicating that high resilience group have 
higher beta activation in the left parietal, left central, 
and posterior midline regions. Topographical plots 
show a more frontal distribution of beta 3 (21–30 Hz) 
band (see Figure 4) also indicate regulated OFC and 
frontal cortex activation in beta 3 band (see Figure 
4). Review evidence on the neurobiology of 
resilience have noted the importance of the PFC and 
limbic connection (Bolsinger et al., 2018; Feder et 
al., 2019; Holz et al., 2020; Ioannidis et al., 2020; 
Malhi et al., 2019). Activation of the PFC is crucial in 
cognitive and emotional inhibition, reducing 
amygdala reactivity to stressors and adversity. The 
findings of this preliminary pilot indicate that higher 
resilience individuals have greater prefrontal beta 
wave for cognitive and emotional regulation in 
response to stressors.  
 
ANOVA results also indicate high resilience groups 
having greater activation in the right frontal, right 
central and parietal region in high alpha band and 
left central region in beta 3 band. The high alpha 
results have a right side and anterior preponderance 
while the beta 3 power results have a left posterior 
preponderance. High alpha band activation in the 
right frontal region is associated with less cognitive 
demands (Miyake et al., 2000). This could potentially 
point to the fact that high resilience individuals have 
lesser cognitive demands when responding to 
stressors and adversity. EEG resting state in high 
resilience children who had adapted to 
maltreatment, showed greater relative left central 
activity in the alpha band, in the eyes-open state 
(Curtis & Cicchetti, 2007). High and low resilience 
groups have also shown consistent differences over 
left parietal scalp regions in the high alpha, beta 1, 
beta 2, and beta 3 bands, with high resilience 
groups showing greater activation. A recent study 
(Kahl et al., 2020) found that greater resilience was 
associated with significant increase in cortical 
thickness in areas in right hemisphere cluster that 
included the lateral occipital cortex, the fusiform 
gyrus, the inferior parietal cortex, as well as the 
middle and inferior temporal cortex. The authors 

report that these anatomical areas are known to be 
involved in the processing of emotional visual input. 
 
These findings provide support to models of 
adaptive regulation enhances resilience post 
adversity. Some examples are the coping circumplex 
model, systematic self-reflection model, cognitive 
appraisal of resilience, cognitive growth, and 
trajectory models (Bonanno et al., 2013; Crane et 
al., 2019; Stanisławski, 2019; Tedeschi & Calhoun, 
2004; Yao & Hsieh, 2019). These models theorize 
aspects of cognitive flexibility in situational challenge 
appraisal, benefit finding, self-reflection, and 
regulation for resilient responses. Based on the 
findings of this study and review of literature, the 
interface between psychosocial and 
neuropsychological markers that contribute to high 
resilience are outlined in Figure 5 below.  
 
A key driver of high resilience is the mastery 
motivation system which includes the ability to recall 
previous experiences where the individual overcame 
adversity resiliently (Masten, 2015). Our results 
indicate that the high resilience group shows higher 
beta 3 activation in the posterior midline region in 
addition to the higher left parietal activation. This 
region (specifically the lateral posterior parietal 
cortex and posterior midline region) has been linked 
to activation during demanding cognitive tasks and 
episodic memory retrieval (Daselaar et al., 2009). 
The combined findings highlight the importance of 
the psychological characteristics of resilience in 
addition to the neural markers indicating different 
brain region activation for high and low resilience 
individuals as theoretically underlined by Gupta 
(2021). Additionally, higher orbitofrontal, frontal, 
parietal, and central activations are a feature of the 
high resilience group. However, this activation 
merely indicates greater episodic retrieval of events 
and flexible cognitive reflections of it. The 
psychological makeup of the individual determines 
the nature of the episodic ruminations. They can be 
deliberate reflections which are structured thoughts 
to better understand the event and how to maximize 
mastery motivation to cope with event or it can lead 
to intrusive ruminations which lead to negative 
automatic thoughts and worries reinforced by past 
negative experiences which increases distress 
(Luca, 2019). 
 
Results from the asymmetry analysis indicates high 
resilience group to have greater right frontal 
asymmetry in eyes-open and eyes-closed condition 
in the alpha 1 (8–10 Hz) band. This finding is in 
contrast to Curtis and Cicchetti’s (2007) study on 
resilience related resting-state EEG differences
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Figure 5. Interface Between Psychosocial and Neuropsychological Markers Leading to High Resilience. 

 
 
 
where low resilience in children was associated with 
greater right alpha hemispherical activity in eyes-
open condition. The findings of our study indicate 
that low resilience group has greater left frontal 
asymmetry in eyes-closed condition in alpha 1 (8–10 
Hz) and alpha 2 (10–12 Hz) bands. The difference in 
findings of the current study and Curtis and Cicchetti 
(2007) can be linked to the eyes-open and eyes-
closed conditions. Another explanation of the 
divergent results can be traced to the fact that self-
reported anxiety was also a variable that may have 
played a role (e.g., low resilience group had high 
self-reported anxiety). Negative spontaneous mood 
(e.g., anxiety, perceived stress, tension) decreases 
when frontopolar activation asymmetry shifts to the 
right (Papousek & Schulter, 2002). Therefore, 
resilience individuals with greater right frontal 
activation not only self-report lesser anxiety and 
perceived stress but also have neural markers of the 
same. Greater right frontal activity reflects 
withdrawal related motivational states and traits of 
sadness (Coan & Allen, 2004), empathy (Tullet et 
al., 2012), with right-lateralized brain activity in the 
frontal region linked to the ability to exert sustained 
cognitive control (Ambrosini & Vallesi, 2016; Çiçek & 
Nalçacı, 2001). This is reflected at the psychosocial 
level where highly resilience individuals do show 
greater acceptance of negative emotions after 

adversity and can sustain cognitive control to 
facilitate adaptation (Hoorelbeke et al., 2016; 
Joorman et al., 2014). Wacker et al. (2010) found 
that greater right frontal asymmetry was associated 
with behavioural inhibition sensitivity during no-go 
trials on the go/no-go task which ties into the self-
regulation ability that high resilience individuals 
have. In a 2003 experimental study with anger 
approach (fight) or anger-withdrawal (flight), Wacker 
et al. (2003) found that greater right frontal 
asymmetry was associated with fear-approach. This 
is supported by the fact that at the behavioral level, 
resilient individuals do not engage in avoidance 
coping when exposed to adversity or stressors 
(Campbell-Sills et al., 2006; Gupta & McCarthy, 
2021). However, in-depth research is needed to 
explain this mechanism since other studies have 
linked increased rightward frontal alpha asymmetry 
to anxiety disorders and depression (Coan & Allen, 
2004; Thibodeau et al., 2006). 
 
Limitations 
The sample size of Phase 2 of the current study is a 
limitation to generalizability as a pilot study. Data 
collection was initiated pre-COVID but had to be 
paused due to health and safety concerns. 
Participants’ unavailability from Phase 1 screened 
sample led to the comparatively lesser sample size 
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in group A and B. The limited source localization 
conducted in this study is another limitation which 
future research can address.  
 
Future Directions 
Future research can improve upon the sample size 
of this study and implement longitudinal designs with 
multistage EEG recordings. This would provide data 
into the stability of the EEG markers of resilience. 
There is also a need to distinguish between 
resilience and stress resistance (Fleshner et al., 
2011). Future studies could conduct source 
localization to extend the precision of current 
findings. fMRI based designs could provide further 
insight into the EEG markers by testing the 
replicability of the regions associated with resilience 
in this study.  
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Appendix A 
 

 
Figure 1A. Electrode Grouping for the EGI 64-Channel Sensor Layout. 

 

 Anterior Midline (AFz_A + F1_A + F2_A + Fz_A + FC1_A + FCz_A + FC2_A)/7. 
 
Posterior Midline (Pz_A + PO3_A + POz_A + PO4_A + O1_A + Oz_A + O2_A)/7. 
 
Left Parietal (LM_A + P9_A + P7_A + P5_A + TP7_A + CP5_A + P3_A)/7. 
 
Right Parietal (RM_A + P10_A + P8_A + P6_A + TP8_A + CP6_A + P4_A)/7. 
 
Left Central (CP1_A + C1_A + FC3_A + C3_A + C5_A + T7_A + T9_A)/7. 
 
Right Central (CP2_A + C2_A + FC4_A + C4_A + C6_A + T8_A + T10_A)/7. 
 
Left Frontal (AF3_A + F3_A + F5_A + FC5_A + FT7_A + F7_A + F9_A)/7. 
 
Right Frontal (AF4_A + F4_A + F6_A + FC6_A + FT8_A + F8_A + F10_A)/7. 
 
Montage used EGI 64-channel HydroCel Geodesic Sensor Net 
(https://www.egi.com/research-division/geodesic-sensor-net 
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Abstract 
Introduction. Using noninvasive brain stimulation (NIBS) during social communication therapy significantly 
improves performance when compared to providing therapy alone. Speech-language pathologists (SLPs) have 
expertise and training in providing social communication therapy for individuals with social communication 
challenges, such as autistic individuals. Methods. Two studies were completed to gain input from stakeholders 
who will influence NIBS’s path forward for clinical use in treating social communication challenges. Study 1 
examined surveys from SLPs on the clinical implementation of NIBS. Study 2 examined surveys from autistic 
adults about their own personal experiences after completing a research study using NIBS. Results. The top 
concerns of SLPs for the clinical implementation of NIBS were focused on the availability of safety and efficacy 
research, access to training, and the cost of using NIBS. Autistic adults who had previously participated in a 
research study using NIBS reported no safety concerns but did report a desire to use NIBS again, especially if 
they could access it remotely through video supervision with a trained professional. Conclusions. The findings of 
these studies inform the future clinical implementation of NIBS for improving social communication therapy with 
individuals with social challenges, such as autistic individuals.  
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The past 2 decades have seen a sharp increase in 
research into the use of noninvasive brain 
stimulation (NIBS), such as transcranial direct 
current stimulation (tDCS) and transcranial magnetic 
stimulation (TMS), to safely accelerate and/or 
enhance performance across many areas of 
cognitive performance including perception, mood, 
motor activities, and other cognitive functions (Antal 
et al., 2022; Mattioli et al., 2024). For example, in 
tDCS, weak, constant amplitude (direct) currents are 
delivered through electrodes placed on the scalp. 
Current flow between the electrodes that penetrates 

into the brain induces changes in local cortical 
excitability. In TMS, a brief pulse of current is 
induced to flow through a coil that is placed over the 
scalp. This stimulation can cause neuronal axons to 
fire, changing both local brain activity and activity at 
sites distant to the stimulation (for a review of 
tDCS/TMS, see Filmer et al., 2014). An attractive 
feature of NIBS is the ability to provide targeted 
treatment that focuses on specific brain processes to 
address each individual’s challenges and needs, 
allowing for a personalized treatment approach. 
Importantly, tDCS units are also affordable, 
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lightweight, portable, and safe, making their use 
attractive for clinical implementation in the field 
(Mondino et al., 2014). 
 
While many NIBS devices are currently only 
available in investigational research settings, TMS 
has long been FDA-approved for clinical use in 
depression (Connolly et al., 2012). The FDA has 
also granted an investigational device exception 
(IDE) for a clinical trial utilizing an at-home based 
tDCS stimulation device in major depressive 
disorder (Soterix Medical Inc.), opening a path 
forward for future FDA approval and clinical 
implementation of NIBS for a wide variety of clinical 
disorders.  
 
Speech-language pathologists (SLPs) have 
expertise and training in providing interventions that 
improve social communication, which encompasses 
language used in social contexts, social interaction, 
social cognition, and language processing—domains 
that are needed when one desires to share their 
experiences, thoughts, and emotions (American 
Speech-Language-Hearing Association, 2024a) 
SLPs must consistently seek to improve therapeutic 
effectiveness (American Speech-Language-Hearing 
Association, 2024b). Even if a treatment appears to 
work with a client, “we cannot afford, and our clients 
cannot afford, for therapy to be less efficient or 
effective than it might be given the state of research 
available to us” (Ratner, 2006, p. 258). While current 
social therapies may facilitate improved social 
communication, we and others have repeatedly 
shown that NIBS delivered during social 
communication therapy significantly improves social 
performance when compared to providing therapy 
alone (for a recent review and meta-analysis, see 
Liu et al., 2023). Specific improvements achieved 
through NIBS have been found for autistic 
individuals in many areas important to successful 
social communication and social interactions such 
as sociocognitive information processing (Chan et 
al., 2023), empathy and facial emotion recognition 
(Esse Wilson et al., 2021), emotion face processing 
and gaze behavior towards emotional faces (Qiao et 
al., 2020), social functioning and reduced restrictive, 
repetitive behaviors (Han et al., 2023), verbal 
emotion expression (Esse Wilson, Trumbo, et al., 
2018), perspective taking and self-other processing 
(Martin et al., 2019) and social skills and sociability 
(Esse Wilson, Quinn, et al., 2018; Hadoush et al., 
2020). Improvement of social communication is 
closely tied to quality of life (QoL) for individuals with 
autism spectrum disorder (ASD), especially autistic 
adults without a co-occurring intellectual disability 
who report a desire for improving their quality of 

relationships and social interactions (Camm-Crosbie 
et al., 2019) and their mental health that has been 
negatively impacted by high levels of loneliness 
(Schiltz et al., 2021). It is important to investigate 
paths forward for the clinical implementation of NIBS 
for improving social communication, including for 
individuals with ASD, where core diagnostic criteria 
include “persistent deficits in social communication 
and social interaction across multiple contexts” 
(American Psychiatric Association, 2013). 
 
Currently available pharmacological and behavioral 
social supports often show only modest effects for 
alleviating social challenges. Additionally, current 
treatments may be associated with adverse and 
sometimes serious side effects (Aishworiya et al., 
2022) and employ approaches that are not 
individualized (Klinger et al., 2021). Hence, the 
development of therapeutic supports demonstrating 
improved efficiency, effectiveness, and 
individualization is critically important for improving 
QoL for individuals facing social challenges, such as 
autistic adults. 
 
Input is needed from important stakeholders, such 
as from autistic adults who have previously used 
NIBS, as well as from SLPs whose perceptions and 
beliefs about NIBS will greatly influence its path 
forward for clinical use. Thus, our investigation 
completed two studies: (a) examining the 
perceptions of SLPs on topics relevant to the clinical 
implementation of NIBS, and (b) investigating the 
perceptions of autistic adults who recently 
participated in research that utilized NIBS paired 
with social therapy. The rationale for completing this 
investigation is that results will inform the future 
clinical implementation of NIBS in SLP practice for 
use in improving social communication to improve 
QoL for individuals with social communication 
challenges, including autistic individuals.   
 

Study 1 
 
Methods 
Survey and Participants. Study procedures were 
reviewed and approved by the New Mexico State 
University (NMSU) Institutional Review Board (IRB 
#2211026046). Study data were collected and 
managed using Research Electronic Data Capture 
(REDCap; Harris et al., 2009) software hosted at 
NMSU. Upon gaining access to the survey, 
participants read a brief consent statement and 
answered yes if they agreed to participate in the 
study (no if not). Of the 17 total survey questions, 11 
were modeled after a previous survey of SLPs on 
the use of tDCS with aphasia (Keator et al., 2020). A 
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total of 207 participants provided consent and 
completed surveys. The target participant population 
was licensed and certified SLPs (Clinical Fellow [CF] 
or Certificate of Clinical Competence [CCC]-SLPs). 
To evaluate the likelihood that the respondent was a 
CF or CCC-SLP, two questions were included in the 
survey for the purpose of evaluation by author Esse 
Wilson (an American Speech-Language Hearing 
Association [ASHA] certified and state licensed SLP) 
and author Duran (a 2nd-year masters-level 
graduate student). One evaluation question asked 
the respondent to provide a written answer 
describing the tool they would use to evaluate 
progress with clients with ASD. The second 
evaluation question asked the respondent to provide 
written text explaining why they thought more 
research studies have been completed on NIBS with 
individuals with aphasia than with autism. For both 
questions, a CF or CCC-SLP is expected to provide 
answers that demonstrate their training and 
qualifications. Responses to these two questions, 
along with the response to the question What are 
your credentials? were evaluated together. For 

example, surveys were disqualified from use in the 
study if a respondent answered “other” for their 
credentials and also wrote “I don’t know” for either of 
the two evaluation questions. Both reviewers had 
100% agreement that 21 surveys substantially 
departed from the answers a trained and qualified 
SLP would provide, and these surveys were 
removed from the final sample. Additionally, three 
surveys were removed as being incomplete. Twelve 
respondents reported being from countries outside 
the United States, six of whom did not report having 
CF or CCC-SLP and reported “other” as their 
credential. Given that certification requirements vary 
across countries, the survey responses of these six 
respondents were evaluated and determined to be 
reflective of responses that trained and qualified 
SLPs would provide. These six respondents were 
included in the final sample. Thus, surveys from a 
total of 184 respondents were included in the final 
sample. Participant professional characteristics 
gathered from the surveys are summarized in Table 
1.  

 
 
Table 1 
Participant Professional Characteristics 
Participant Characteristic  N % 

Years practicing as an SLP (mean = 18.0 years, range = 1–60 years)   

1–10 years 60 33 

11–20 years 51 28 

21–30 years 49 27 

> 31 years 24 13 

Credentials   

Masters CF-SLP 7 4 

Masters CCC-SLP 140 76 

Doctoral CCC-SLP 31 17 

Other 6 3 
Country where practicing   

United States (U.S.) 172 93 

Canada 4 3 

Other 8 4 
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Table 1 
Participant Professional Characteristics 
Participant Characteristic  N % 

SLP work setting (select all that apply)   

School-based 86 46 

Private practice 53 28 

Pre-K 49 26 

University/higher ed. 42 23 

Early intervention 36 19 

Other 31 17 

Hospital 18 10 

Home visits 18 10 

Adult outpatient 8 4 
Note. Percentages yield greater than 100% accounted for by SLPs employed in more than one work setting. CF = clinical 
fellow, CCC = Certificate of Clinical Competence, SLP = speech-language pathologist. 

 
 
Data Analysis 
Quantitative Analysis. We first sought to 
characterize SLPs’ existing familiarity with NIBS by 
constructing binary logistic regression models 
predicting participant responses to the question: 
Before taking this survey, were you familiar with 
noninvasive brain stimulation, such as transcranial 
direct current stimulation (tDCS) or transcranial 
magnetic stimulation (TMS). Models were built using 
the glm function in R’s stats package  
(R Development Core Team, 2008). Our decision to 
use binary logistic regression was motivated by the 
dichotomous structure of the response data 
(Gardner et al., 1995). Separate models were 
created to predict the likelihood that participants had 
prior knowledge of NIBS on the basis of (a) work 
setting, (b) experience, and (c) current clinical 
involvement with ASD clients. 
 
The experience model included factors for Years of 
Clinical Experience and Clinician Credentials. Years 
of Experience was treated as an ordinal factor, with 
each participant being assigned to one of four 
groups based on percentile rank. The groups 
consisted of those with less than 9 years of 
experience, those with 9–16 years of experience, 
those with 17–25 years of experience, and those 
with more than 25 years of experience. The group 
with less than 9 years of experience was treated as 
the reference level. The category of Credentials was 
also treated as an ordinal factor, with MS-CFY was 
treated as the reference level. 
 

In addition to evaluating clinicians’ familiarity with 
NIBS, we also sought to characterize clinicians’ 
perceptions regarding the safety of NIBS. For this, 
we constructed binary logistic regression models to 
predict the likelihood that study participants 
agreed/disagreed with the statement: I believe 
noninvasive brain stimulation (NIBS) is safe to use. 
However, because this question permitted three 
types of responses (yes, no, unsure), we evaluated 
two separate classes of regression models. In the 
first, we evaluated which factors predicted increased 
likelihood that participants would select yes (i.e., the 
target response) as opposed to no or unsure, which 
were grouped together as nonaffirmative responses. 
In the second, we evaluated which factors predicted 
increased likelihood that participants would select 
the target response of no as opposed to yes or 
unsure, which were grouped together as non-
oppositional responses. Within each model class, 
we constructed separate models to predict SLPs’ 
perceptions of NIBS safety on the basis of (a) work 
setting, (b) experience, and (c) current clinical 
involvement with ASD clients.  
 
Qualitative Analysis. Respondents were asked 
their concerns about incorporating NIBS, such as 
tDCS, into their practice and were offered choices 
for safety, cost, administrative approval, 
reimbursement concerns, NIBS/tDCS training and 
education/continuing education, N/A I have no 
concerns, and other. For respondents who chose 
other, they were asked to expand on their concerns 
by providing written comments. Authors Esse Wilson 
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(an established researcher and SLP) and Ortiz (a 
1st-year graduate student in speech-language 
pathology) independently evaluated the written 
answers by completing analysis based on 
Vaismoradi et al. (2016) including the phases of 
initialization and construction which involved reading 
transcriptions and noting meanings, coding, writing 
notes; classifying, comparing, and labeling repeating 
ideas that contribute to the study’s questions; and 
defining and describing these ideas. After 
completion of the independent analyses, a 
discussion between the two evaluators was 
completed to determine final themes and their 
variations, as well as their connections to one 
another.  
 
Results  
Prior Familiarity With NIBS. (Answer options – 
select one: yes, no) Prior to taking the survey, 85 
respondents (46.2%) reported being familiar with 
NIBS while 99 (53.8%) reported unfamiliarity. Prior 
familiarity with NIBS was significantly predicted by 
respondent work setting, years of experience as an 
SLP, and credentials. Working in a university setting 
(p = .002) or adult outpatient setting (p = .049) 
significantly predicted prior familiarity with NIBS. 
Additionally, prior familiarity significantly decreased 
with years of experience practicing as an SLP  
(p = .016). Specifically, prior familiarity was more 
likely to be reported in the group of respondents who 
had practiced fewer than 9 years and less likely in 
those with more than 9 years of experience. A 
marginally significant effect was observed for 
credentials, where those with the MS-CF and PhD-
CCC (p = .077) were more likely to indicate prior 
familiarity than respondents with their MS-CCC. 
 
Believe Safe to Use. (Answer options – select one: 
yes, no, unknown) The majority of respondents 
reported they did not know if NIBS was safe to use 
(n = 128, 69.6%), whereas 51 (27.7%) reported they 
believed it was safe to use, and 5 (2.7%) believed it 
was not safe to use. Believing NIBS is safe to use 
was significantly predicted by respondent work 
setting and experience. Specifically, adult outpatient 
SLPs (p = .048) were significantly more likely to 
select that NIBS is safe to use than the other 
possible responses. Additionally, SLPs with less 
years of experience were significantly more likely to 
believe NIBS is safe to use (p = .019). 
 

Concerns About Incorporating NIBS Into Your 
Practice. (Answer options – select all that apply:  
1) safety, 2) cost, 3) administrative approval,  
4) reimbursement concerns, 5) NIBS/tDCS 
training/continuing education, 6) N/A I have no 
concerns, 7) Other (please expand in the question 
that follows)). The three highest concerns were: (a) 
safety 76% (n = 142), (b) NIBS/tDCS training and 
education/continuing education 66% (n = 122), and 
(c) cost 58% (n = 108). SLPs working in private 
practice (p = .007) or adult outpatient work settings 
(p = .057) or “other” setting (p = .004) were 
significantly more likely to indicate a concern about 
incorporating NIBS into practice due to 
reimbursement concerns. SLPs working in school-
based (p = .087) or hospital (p = .078) work settings 
were marginally more likely to indicate a concern 
about incorporating NIBS into practice due to 
training and continuing education concerns.  
 
Would Consider Using NIBS With My Clients 
With Autism Spectrum Disorder If. (Answer 
options – select all that apply: 1) reasonably priced, 
2) I were able to receive extensive training for it, 3) I 
could refer my client to another professional who 
was trained in using noninvasive brain stimulation, 
4) research showed it was effective for helping my 
clients meet their goals, 5) research showed it was 
safe for use with my clients, or 6) I would not 
consider using noninvasive brain stimulation with my 
SLP clients.) Observed as the three most important 
factors in considering the use of NIBS with autistic 
clients were: (a) research showed it was safe to use 
with clients (n = 145, 78%), (b) research showed it 
was effective for helping clients meet their goals  
(n = 142, 76%), and (c) SLPs were able to receive 
extensive training (n = 87, 47%) or could refer to 
another professional who was trained (n = 86, 46%). 
Price was also an important factor (n = 60, 32%). 
 
Qualitative Analysis 
Additional Concerns About Using NIBS. More 
than 30% (n = 56) of respondents reported they had 
additional concerns about incorporating NIBS into 
practice with their clients and provided written 
responses, from which four main themes emerged: 
(a) efficacy, (b) concerns about NIBS as a 
neuroaffirming treatment, (c) need for 
training/continuing education, and (d) need for 
treatment protocols. All comments were reviewed, 
with statements that reflected multiple respondents 
noted and provided as examples categorized by the 
four main themes, as shown in Table 2. 
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Table 2 
Participant Example Statements (n = 56) by Theme From Question on Concerns About Incorporating NIBS Into 
Practice 

Theme Statements 
Efficacy (n = 34) • I want to see that it is evidence-based practice. 

• The amount and duration of research 
completed on what number of children and 
ages of children.  

• I don't think it is appropriate for school-based 
therapy.  

Concerns about NIBS as a neuroaffirming  
treatment (n = 20) 

• We should be working to affirm autistic people 
and not trying to make them neurotypical.  

• I do not believe that autism needs to be cured. 
• Despite reframing from neurodiversity, some 

children have extreme challenges resulting in 
self-injury and aggression. I would consider 
NIBS for these types of challenges. 

Need for training/continuing education (n = 11) 

 
• I would want to read the literature about NIBS 

and ASD. I need much more information. 

Need for treatment protocols (n = 9) 

 
• No existing protocols to match intervention to 

target specific areas of concern for clients with 
autism, given the spectrum of the disorder. 

 
 

Study 2 
 
Autistic adults without a co-occurring intellectual 
disability frequently possess unique gifts (Baron-
Cohen, 2009; Happe & Vital, 2009) and a near 50% 
college completion rate (Rødgaard et al., 2022). Yet, 
many autistic adults continue to face social 
challenges that negatively impact their mental health 
(Schiltz et al., 2021), contribute to the lowest 
employment rate among disability groups (Roux et 
al., 2015), high rates of self-reported depression and 
anxiety (Ayres et al., 2018), and a desire for 
improved relationships and social interactions 
(Camm-Crosbie et al., 2019). Research into the use 
of NIBS has demonstrated success in alleviating 
social challenges (Esse Wilson et al., 2021), treating 
depression (Palm et al., 2012), and reducing anxiety 
(Zheng et al., 2024). However, any future clinical 
implementation of NIBS will require input from 
autistic adults who have themselves used NIBS. 
Thus, Study 2 is a survey of autistic adults who have 
previously participated in a research study that 
utilized NIBS (specifically tDCS) paired with 
simultaneous social learning activities. 
 

Methods 
Study and survey procedures were approved by the 
Office of the Institutional Review Board of the 
University of New Mexico (IRB #21814). Thirty-two 
autistic adults (adults diagnosed with ASD or having 
high traits of autism) without a co-occurring 
intellectual disability (as confirmed by the Shipley-2 
test of intelligence) were contacted who had 
previously completed a research study that utilized 
tDCS. Of these 32 autistic adults, all had requested 
to be contacted in the future for studies. Fourteen 
respondents provided consent to participate and 
completed a 15-item email survey on their 
experiences with NIBS. Participants scored a 17 or 
higher on the autism quotient (AQ), a measure of 
one’s level of autistic traits (Baron-Cohen et al., 
2001). Additionally, the Autism Diagnostic 
Observation Schedule – Second Edition (ADOS-2; 
Lord et al., 2012) was administered. Participant 
characteristics are summarized in Table 3.  
 
Participants provided their level of agreement or 
disagreement or each survey statement  
(1 = definitely disagree, 2 = disagree, 3 = agree,  
4 = definitely agree).  

  

http://www.neuroregulation.org/


Esse Wilson et al.  NeuroRegulation  

 

 
35 | www.neuroregulation.org Vol. 12(1):29–39  2025 doi:10.15540/nr.12.1.29 
 

Table 3 
Participant Characteristics 

Participant Characteristic  Range Mean 

Years of age 18–29 23 

Shipley-2 standard scores 89–125 114 

AQ scores 18–44 33 

ADOS-2 categorization autism (11), non-autism (but with high traits of autism) (2) 

Sex at birth male (3), female (11) 
Note. Shipley-2 = Shipley second-edition, AQ = autism quotient, ADOS-2 = Autism Diagnostic Observation Schedule, Second 
Edition. 
 
 
Results 
Results were organized into four categories (a) 
general NIBS topics, (b) autistic prioritized NIBS 
treatment, (c) development of NIBS treatment goals, 
and (d) NIBS for alleviating negative symptoms.  
 
General NIBS Topics. In response to Had you 
heard of noninvasive brain stimulation before 
participating in a research study? 93% replied no 
with 7% replying yes. For the question During my 
research study, I felt NIBS was safe to use, all 
respondents reported agree or definitely agree. For 
NIBS is appealing to me as a possible alternative to 
other therapies, such as pharmaceuticals, the 
majority of respondents replied with agree or 
definitely agree, with two replying with disagree, and 
the statement It is important that people with autism 
play a role in the design phase of brain stimulation 
research that will treat negative symptoms of autism 
was overwhelmingly answered with definitely agree 
with one respondent answering agree.  
 
Delivery of NIBS. The majority of respondents 
chose agree or definitely agree in response to the 
question If NIBS were available as a free or low-cost 
treatment to address negative symptoms of autism, I 
would seek this treatment, with four respondents 
choosing disagree. In response to I would be 
comfortable setting up and administering NIBS 
myself in my own home if a trained professional was 
assisting me through a video meeting, the majority 
of respondents chose agree or definitely agree with 
one respondent replying with disagree, and for I 
would only want to use noninvasive brain stimulation 
if it is administered by a trained professional when I 
visit them in their office the overwhelming majority 
chose disagree with one respondent choosing 
agree. 
 

Autistic Prioritized NIBS Treatment. For the 
statement, I would like trained professionals to work 
with me to develop treatment goals for using NIBS, 
respondents were closely split three ways between 
disagree, agree, and definitely agree. For I’d like to 
develop my own treatment goals for using NIBS the 
majority responded with agree or definitely agree, 
with three respondents who replied with disagree. In 
response to the statement Parents should be solely 
responsible for determining the NIBS treatment 
goals for their minor children all respondents replied 
with disagree or definitely disagree. Last, in 
response to Parents should work with highly trained 
professionals to determine NIBS treatment goals for 
their children the majority of respondents replied 
agree or definitely agree, with two respondents 
providing disagree. 
 
NIBS for Alleviating Negative Symptoms. For the 
statement NIBS should be used to address negative 
symptoms of autism, not used to become what is 
considered closer to neurotypical, the majority of 
respondents overwhelmingly replied with definitely 
agree, with four respondents replying with agree. In 
response to Parents should pursue the use of NIBS 
to attempt making their child more neurotypical, if 
that is an option, respondents overwhelmingly chose 
disagree or definitely disagree, with one respondent 
choosing agree. Last, in response to Parents should 
pursue using NIBS to treat their child's negative 
symptoms of autism, but they should not pursue 
using it in an attempt to make their child more 
neurotypical, the majority responded with agree or 
definitely agree, with three responding with disagree. 
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General Discussion 
 
This is the first study to report on the perceptions of 
either SLPs or autistic adults on topics related to the 
clinical implementation of NIBS. To determine these 
perceptions, two studies were completed:  
(a) Study 1 which was an online survey of SLPs and 
(b) Study 2 which was an email survey of autistic 
adults who had recently participated in a research 
study that used NIBS paired with social therapy. 
 
Study 1: SLPs 
SLPs from diverse work settings with a broad range 
of years of experience were represented in the 
survey. Most SLPS reported practicing in the United 
States, nearly half reported at least one of their work 
settings was school-based, and most had the 
credentials of MS CCC-SLP. Of these respondents, 
more than half reported they had no familiarity with 
NIBS prior to taking the survey. Overall, SLP 
respondents reported similar perceptions and 
bconcerns for implementing NIBS into their practice 
with their clients with ASD, expressing top concerns 
for needing research demonstrating the safety and 
effectiveness of NIBS, training and continuing 
education for using NIBS, and the cost of using 
NIBS. These findings were at odds with recent 
literature that has widely reported on the safety, 
efficacy, and affordability of tDCS, in particular 
(Bikson et al., 2016; Sauvaget et al., 2019; Zheng et 
al., 2024). However, the high number of SLP 
respondents who reported having no prior 
knowledge of NIBS may explain their unfamiliarity 
with recent findings reporting safety, efficacy, and 
affordability. Regardless of their perceptions and 
concerns, 76% of SLP respondents reported they 
would use NIBS with their clients with ASD if it was 
safe, and even more (78%) reported they would use 
NIBS with the clients with ASD if it was effective in 
meeting client goals. These findings suggest the 
willingness of SLPs to seek novel evidence-based 
interventions to help their clients, as well as the 
critical importance of raising awareness among 
SLPs about the safety, efficacy, and affordability of 
NIBS, which will be necessary for future efforts to 
move research findings to clinical implementation.  
 
Additionally, future studies would benefit from the 
addition of survey questions that address 
perceptions of SLPs on NIBS use with autistic 
children separately from adults, as several of our 
findings results suggest SLPs have different 
perceptions for using NIBS with children versus 
adults. 
 

Concerns were also expressed in the qualitative 
analysis about whether NIBS is a neuroaffirming 
treatment (n = 20, 11% of total respondents). Autistic 
adults without a co-occurring intellectual disability 
(approximately 44% of individuals in the United 
States [Maenner et al., 2023]) are positioned to 
engage in self-advocacy and make decisions about 
their own care (Leadbitter et al., 2021), which may 
include choosing to help researchers during the 
design phase of a study or participating in studies 
utilizing NIBS. An interest in self-advocacy may 
explain why all of the autistic adults who completed 
the NIBS research study requested to be contacted 
for future studies.  
 
It was revealed through qualitative analysis of SLP 
comments that many respondents were viewing 
NIBS primarily through the lens of its use with 
children (e.g., “I don't think it is appropriate for 
school-based therapy”, “… some children have 
extreme challenges”, “… the amount and duration of 
research completed on what number of children and 
ages of children”). This view may be explained by 
the high number of respondents who reported that at 
least one of their work settings involved working with 
children (early intervention, pre-K, or school-based). 
However, these responses highlight a need for a 
continued effort to raise awareness about the safety 
and efficacy of using NIBS with children, including 
children with ASD (Romei et al., 2019). 
 
Study 2: Autistic Adults 
Although most autistic adult respondents (93%) 
reported having no familiarity with NIBS prior to 
participating in the study, all respondents reported 
they either agree or definitely agree that NIBS felt 
safe to use during their study. Autistic adults 
overwhelmingly reported they agree or definitely 
agree they would consider purchasing a NIBS 
device to use at home if a trained professional was 
assisting through a video meeting. These responses 
speak to the potential for future research and clinical 
implementation for the use of tDCS, a portable, 
lightweight, and inexpensive methodology (Sauvaget 
et al., 2019), particularly home-based, remotely 
supervised tDCS (RS-tDCS) which delivers the 
same treatment one would receive in person except 
through supervision provided remotely with a device 
provided to the client that is programmed to 
administer a predetermined “dose” of tDCS when an 
assigned code is entered. RS-tDCS has shown 
evidence for use with a variety of conditions, 
including major depressive disorder (Cappon et al., 
2022), aphasia (Richardson et al., 2023), and 
cognitive decline (Gough et al., 2020). There are 
potential challenges and limitations involved with 
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home-based RS-tDCS administration, such as 
possible risks related to the loss of confidentiality, 
ensuring safety and client tolerability, client training 
and technical difficulties, and concerns that home 
administration may increase the burden on 
caregivers (Cucca et al., 2019; Pilloni et al., 2022). 
Despite these potential challenges, RS-tDCS 
remains an attractive future option that may allow 
autistic adults to receive treatment services in any 
location they choose, which suggests alignment with 
autistic prioritized treatment that supports lower 
anxiety and distress through fewer changes to 
routines and lowered environmental sensory 
demands, areas that often provide challenges for 
autistic individuals (Boulter et al., 2014). 
 
Adult autistic respondents also reported they agree 
that NIBS is appealing as a possible alternative to 
other therapies, such as pharmaceuticals. This 
perspective may be accounted for by reports that 
30–50% of autistic individuals are prescribed at least 
one psychotropic medication and 30% are 
prescribed three or more, despite the frequency of 
experiencing adverse side effects (Feroe et al., 
2021). 
 
Autistic adult respondents reported they definitely 
agree that NIBS should be used to address negative 
symptoms that reduce QoL, not trying to use NIBS to 
become more neurotypical. To this point, a notable 
feature of NIBS is its ability to provide highly 
individualized interventions by pairing evidence-
based social interventions with NIBS based on the 
functional and structural anatomy and/or connectivity 
of each person to reach specifically targeted 
networks (Jog et al., 2019). This approach suggests 
partnerships for autistic prioritized outcomes that 
respect individual neurotypes, which is in alignment 
with the responses received from the majority of 
autistic adults who agree or definitely agree that they 
would like to play a role in developing their own 
treatment goals.  
 
A limitation of this study is the small sample size of 
autistic adults in Study 2. There is a need for future 
research that gathers the input of a larger number of 
autistic adults on the topic of NIBS use. To this end, 
our research team has implemented a poststudy 
survey on NIBS use with all current and future 
autistic adults who are participating in our studies 
that utilize NIBS. Another limitation of this study is 
the possibility of selection bias related to the autistic 
adults who participated in Study 2. Given that these 
participants were a convenience sample available to 
the authors from previously completed studies, 
biases may be present based on prior experience 

with the study team and NIBS, although the prior 
experience with NIBS was key to why these 
participants were recruited. Again, this suggests the 
need for future studies with larger sample sizes to 
reduce the chance of selection bias and sampling 
error. 
 
The findings of these two studies inform the future 
clinical implementation of NIBS in SLP practice for 
use in improving social communication and QoL for 
people with social communication challenges, 
including autistic adults. 
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Abstract 
Introduction. Pseudobulbar affect (PBA) is characterized by involuntary episodes of laughter or crying, often 
associated with neurological disorders, significantly impacting the quality of life. This study investigates the 
effectiveness of audio-visual entrainment (AVE) therapy in reducing PBA symptoms. Methods. The study 
employed a one-group pretest–posttest experimental design with a sample of 472 individuals from Baghdad, Iraq. 
Two participants diagnosed with multiple sclerosis and amyotrophic lateral sclerosis underwent 40 AVE sessions 
over 2 months using the DAVID Delight Pro device. The Center for Neurologic Study-Lability Scale (CNS-LS) was 
used to measure PBA symptoms before and after the intervention, with a follow-up 3 months postintervention. 
Results. Both participants showed significant reductions in CNS-LS scores postintervention (male: 22 to 14; 
female: 25 to 12), indicating decreased frequency and intensity of emotional outbursts. The Wilcoxon signed-rank 
test revealed significant differences between pretest and posttest scores with a large effect size (r ≈ −0.95). 
Conclusion. AVE therapy effectively reduces PBA symptoms, demonstrating lasting benefits at a 3-month follow-
up. This study supports AVE as a promising nonpharmacological treatment for PBA, encouraging further research 
on its application to other neurological conditions. 
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Introduction 

 
Pseudobulbar affect (PBA) is a neurological disorder 
characterized by sudden, involuntary, and often 
inappropriate episodes of uncontrollable laughter or 
crying, usually disproportionate to the individual’s 
emotional state (Riera, 2024). It commonly manifests 
in individuals with conditions like multiple sclerosis 
(MS), traumatic brain injury (TBI), stroke, and 
amyotrophic lateral sclerosis (ALS; Jain, 2014; 
Schiffer & Pope, 2005). These episodes, which can 
be distressing and socially disruptive, significantly 
impair patients’ quality of life by leading to 
embarrassment, social withdrawal, and difficulties in 
daily functioning (Cummings, 2017; Rosen, 2008). 
For some patients, these episodes can be partially 

controlled voluntarily, while for others, they are 
uncontrollable (Robinson-Smith & Grill, 2007). 
 
The terminology surrounding PBA varies, with terms 
like emotional lability, pathological laughter and 
crying, and emotional incontinence often used 
interchangeably. Despite this variability, 
pseudobulbar affect remains the most widely 
accepted term in clinical practice and research 
(Ahmed & Simmons, 2013; Hicks et al., 2020). 
 
Accurate diagnosis of PBA is challenging due to 
symptom overlap with other conditions such as 
depression, essential crying, dacrystic seizures, 
gelastic seizures, and rapid-cycling bipolar disorder, 
along with other mood disorders, which complicates 
effective management (Hicks et al., 2020; Miller et 

http://www.isnr.org/
http://www.neuroregulation.org/
https://doi.org/10.15540/nr.12.1.40
mailto:adil_alsalihy@yahoo.com


Al-Salihy NeuroRegulation  

 

 
41 | www.neuroregulation.org Vol. 12(1):40–50  2025 doi:10.15540/nr.12.1.40 
 

al., 2011; Work et al., 2011). Scientists attribute PBA 
to damage in brain regions responsible for regulating 
emotions and affect. Brain injuries or illnesses can 
trigger PBA symptoms, which are typically 
associated with conditions like stroke (28%), 
Alzheimer's disease/dementia (39%), MS (46%), 
Parkinson's disease (24%), and TBI (48%; King & 
Reiss, 2013; Schiffer & Pope, 2005). PBA is 
believed to result from brain lesions that disrupt the 
neural circuits regulating emotional expression 
(Work et al., 2011). 
 
Current treatment approaches include medications 
like selective serotonin reuptake inhibitors (SSRIs) 
and the dextromethorphan-quinidine combination, 
although these offer only partial relief and come with 
potential side effects (Arciniegas et al., 2014; 
Schiffer & Pope, 2005). In this context, noninvasive 
interventions like audio-visual entrainment (AVE) 
therapy have gained attention. AVE uses rhythmic 
pulses of light and sound to modulate brainwave 
activity, promoting relaxation, cognitive 
enhancement, and mood stabilization (Gallina, 
2022). It has shown efficacy in treating conditions 
such as anxiety, attention-deficit/hyperactivity 
disorder (ADHD), and chronic pain (Basu et al., 
2024; Berg & Siever, 2009). Given its potential to 
influence neurophysiological processes without 
significant adverse effects, AVE may be a promising 
alternative for managing PBA symptoms (Aftanas et 
al., 2016; Bahrami, 2024). 
 
This study aims to evaluate the effectiveness of AVE 
therapy in alleviating symptoms of PBA, marking the 
first investigation of its kind within the Arabic and 
Iraqi context. The operational definition of AVE in 
this research is based on its use through the DAVID 
Delight Pro device, which is widely recognized for its 
therapeutic applications across various neurological 
and psychological conditions (Siever, 2004). By 
addressing this gap in the literature, the study 
provides valuable insights and opens new avenues 
for exploring AVE’s potential in treating other 
neurological disorders. The significance of this 
research lies in several key aspects: It represents 
the first Arabic and Iraqi study to specifically address 
PBA and the first to explore the use of AVE 
technology for this condition at both the national and 
international levels. This research's findings can 
inspire further studies involving different populations 
and age groups affected by PBA. Additionally, this 

study lays the groundwork for investigating the 
broader applications of AVE technology in treating 
other disorders, thereby enriching scientific literature 
with cutting-edge research amidst ongoing 
technological advancements. The specific objectives 
of this research are to assess the prevalence and 
severity of PBA within a sample from the Iraqi 
community in Baghdad and to evaluate the 
effectiveness of AVE therapy in reducing PBA 
symptoms. 
 
Research Scope. This study focuses on a sample 
of adults aged 18 and above residing in Baghdad 
Governorate during 2024. The sample includes 
individuals of both genders and various educational 
backgrounds. The scope is limited to Baghdad due 
to the challenges in finding sufficient participants 
diagnosed with PBA, leading to a restricted sample 
size. 
 

Methods and Materials 
 
This study utilized a one-group pretest–posttest 
experimental design to assess the effectiveness of 
AVE therapy in reducing PBA symptoms. This 
design measured participants’ symptoms before and 
after the intervention without including a control 
group. The target population for this research 
included adults aged 18 years and above residing 
exclusively in Baghdad Governorate during 2023 
and 2024, covering both genders and all educational 
levels. 
 
Due to the challenge of obtaining a sample of 
individuals diagnosed with PBA and the difficulty in 
locating such participants, social media platforms 
were used to distribute a survey incorporating the 
research tool, “the Center for Neurologic Study-
Lability Scale (CNS-LS)” (Moore et al., 1997). The 
survey was shared voluntarily, allowing participation 
from anyone interested or experiencing 
psychological or neurological issues. The final 
sample comprised 472 participants with diverse 
educational backgrounds, including males and 
females. Table 1 outlines the details of the survey 
sample. It is important to note that formal informed 
consent was not obtained at this stage since the 
survey was conducted online. The participants had 
an average age of 28.56 years (SD = 9.23), ranging 
from 18 to 61 years. 
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Table 1 
Distribution of Survey Sample by Gender and Educational Level 
Gender Educational Level Sample Size 

Female 

Elementary School 3 

High School 16 

Intermediate 7 

Institute (after Intermediate School) 3 

Institute (High School) 5 

College 248 

Master's Degree 38 

Doctorate 20 

Literate 12 

Total for Females  352 

Male 

Elementary School 2 

High School 7 

Intermediate 1 

Institute (after Intermediate School) 1 

Institute (High School) 3 

College 63 

Master's Degree 19 

Doctorate 23 

Literate 1 

Total for Males  120 

Total Survey Sample  472 
 
 
After administering the CNS-LS and analyzing the 
collected data, the results revealed key statistical 
information related to CNS-LS scores. The overall 
mean CNS-LS score for the survey sample was 
10.56 (SD = 2.08), with males averaging a score of 
10.26 (SD = 2.71) and females averaging 10.66  
(SD = 1.80). The median CNS-LS score across all 
groups was 11.00, while the most frequently 
occurring score (mode) was 12.00. The range of 
CNS-LS scores spanned from a minimum of 6.00 to 
a maximum of 27.00 for the total sample. Notably, 
the sample comprised 472 participants, 120 males 
and 352 females. The confidence level for these 

findings was 95%, providing a solid basis for 
interpreting the data. 
 
To further analyze the data distribution, a Shapiro-
Wilk test was conducted to assess normality. The 
test produced a statistic of 0.727 with a p-value of 
4.603 x 10−27. Given that the p-value is well below 
the .05 threshold, we reject the null hypothesis that 
the data follow a normal distribution. These results 
confirm that the CNS-LS scores are not normally 
distributed (see Figure 1). 
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Figure 1. Distribution of Raw Scores Obtained by Survey Sample Participants. 

 
 
Participants 
The research population consisted of adults aged 18 
to 61 years residing in Baghdad Governorate, 
representing both genders and various educational 
backgrounds. Given the rarity of PBA, the final 
sample included only two individuals who met the 
study's inclusion criteria: a 39-year-old male 
diagnosed with MS and a 39-year-old female 
diagnosed with amyotrophic ALS. 
 
The study used a survey approach with 472 
participants, screened using the CNS-LS. The 
survey was distributed online to identify individuals 
with high PBA scores. Out of the participants, only 
two were diagnosed with neurological conditions 
associated with PBA, reflecting the rarity of the 
condition in this population. Statistical analysis 
provided insights into the severity of symptoms, 
showing significant emotional lability in these 
identified cases. 
 
Inclusion Criteria. 

1. Diagnosis of a neurological disorder 
associated with PBA (e.g., MS, ALS). 

2. Frequent episodes of emotional lability. 
3. Willingness to participate for the entire 

duration of the study. 
 
Exclusion Criteria 

1. Absence of a neurological disorder 
associated with PBA. 

2. Inability to complete the AVE therapy 
sessions. 

3. Current use of medications that affect 
emotional lability. 

This study was approved by the Scientific and 
Ethical Committee of the Iraqi Association for 
Psychotherapy (Approval Number: IAP-2023-04-05) 
on April 5, 2023. All participants provided informed 
consent prior to their inclusion in the study. The 
research was conducted following the ethical 
standards laid down in the 1964 Declaration of 
Helsinki (World Medical Association, 2013) and its 
later amendments. No experiments involving 
animals were conducted in this study. 
 
Instruments 
Pseudobulbar Affect (PBA) Scale. The CNS-LS is 
a self-assessment tool comprising seven items 
designed to measure the frequency of PBA 
symptoms. Although the scale has been translated 
into several languages (Chen et al., 2024), it has not 
previously been available for clinical or research use 
among Arabic-speaking populations. The CNS-LS 
allows respondents to assess their experiences with 
PBA symptoms, facilitating accurate and objective 
diagnosis by specialists. Originally developed and 
validated by Moore et al. (1997) in a population of 
patients with ALS and MS, the CNS-LS 
quantitatively evaluates aspects of PBA such as 
frequency, severity, emotional lability, degree of 
voluntary control, and appropriateness. 
 
The scale includes four items related to laughter and 
three related to tears, each rated on a 5-point Likert 
scale (never, rarely, occasionally, often, very often), 
scoring from 1 to 5 per response. In patients with 
ALS, a score of 13 or higher suggests a likely 
diagnosis of PBA, while in those with MS, a score of 

http://www.neuroregulation.org/


Al-Salihy NeuroRegulation  

 

 
44 | www.neuroregulation.org Vol. 12(1):40–50  2025 doi:10.15540/nr.12.1.40 
 

17 or higher indicates a high probability of PBA 
(Ahmed & Simmons, 2013; Moore et al., 1997). 
 

Psychometric Properties of the PBA Scale.  
a) Translation Validity. The research tool was 

translated from English to Arabic to ensure 
its suitability and validity in the Iraqi context. 
The back-translation method was employed 
to maintain translation accuracy (Butcher & 
Han, 1996). Two independent bilingual 
experts translated the items from English to 
Arabic, Professor Dr. Nabil Abdul Aziz Al-
Badri (University of Tikrit) and the 
researcher. The translations were then 
consolidated into a single version and back-
translated into English by Asst. Prof. Dr. 
Muzaffar Jawad Ahmed (Psychological 
Research Center, Ministry of Higher 
Education and Scientific Research) and the 
researcher. This back-translated version 
was compared with the original to ensure 
accuracy. Minor adjustments were made to 
align the psychological meanings with the 
Iraqi context. Finally, an Arabic language 
expert, Asst. Prof. Dr. Israa Al-Gharbawi 
(Psychological Research Center, Ministry of 
Higher Education and Scientific Research) 
reviewed the translation for linguistic 
accuracy. 

b) Reliability. The Cronbach's alpha 
coefficient was calculated using data from 
472 participants who completed the CNS-LS 
scale online as part of our search for 
individuals with PBA. The alpha value was 
approximately α = 0.73, indicating good 
internal consistency among the 
questionnaire items. This suggests that the 
CNS-LS questions reliably measure the 
intended concept. With Cronbach's alpha 
values ranging from 0 to 1, a value of 0.73 
indicates an acceptable level of consistency, 
supporting the reliability of the scale results 
in this study (Cronbach, 1951). 
 
Test-Retest Method. To assess reliability, 
the research tool was readministered online 
to a randomly selected sample of 50 
individuals 2 weeks after their initial 
participation. This interval was chosen to 
ensure participant availability while 
maintaining consistency between tests. 
Pearson's correlation coefficient between 
the scores from both applications was 
calculated, resulting in a reliability coefficient 
of 0.81, indicating strong reliability (Weiten 
et al., 1991). 

DAVID Delight Pro Device. The DAVID Delight Pro 
is a Canadian-made portable device offering 
nonpharmacological treatments for various 
conditions, including concussions, TBI, and cognitive 
disorders. It utilizes AVE and cranial electrotherapy 
stimulation (CES) technologies, which are 
noninvasive methods to enhance mental and 
physical performance. These technologies can be 
used individually or together to improve sleep, 
reduce cognitive decline, and treat conditions such 
as ADHD, seasonal affective disorder (SAD), 
depression, insomnia, and anxiety (Mind Alive Inc., 
2024; see Figure 2). 
 
 
Figure 2. DAVID Delight Pro Device. 
 

 
 
 
The DAVID Delight Pro device consists of the 
Delight Pro unit, the patented multicolor glasses with 
a carrying case for the glasses, headphones, an A/C 
power adapter, an AUX stereo jack, a 9-volt battery, 
a handheld carrying case, a quick start guide, a user 
manual, and an instruction CD (see Figure 3). 
 
Research has shown that AVE technology 
effectively guides the brain to different brainwave 
states, increases neurotransmitter production, and 
enhances cerebral blood flow. Additionally, CES 
technology effectively increases blood flow and 
stimulates neurotransmitters such as serotonin, 
endorphins, and norepinephrine (Aftanas et al., 
2016; Siever, 2012). 
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Figure 3. Components of the DAVID Delight Pro Device. 

 
 
The DAVID Delight Pro device offers five categories 
of therapeutic sessions: activation, meditation, brain 
booster, sleep, and mood enhancement, each with 
multiple options. It also features customizable 
sessions and incorporates CES technology with a 
100 Hz frequency. The sessions are designed based 
on research to target various mental and physical 
functions, such as enhancing focus, improving 
sleep, and reducing stress (Mind Alive Inc., 2024). 

Procedures 
 
Given the difficulty in locating individuals diagnosed 
with PBA, social media platforms were used to 
distribute a survey incorporating the CNS-LS (Moore 
et al., 1997; Smith et al., 2004). The survey was 
completed by 472 participants via Google Forms 
between April 20, 2023, and January 27, 2024. Data 
analysis revealed a non-normal distribution, 
prompting the calculation of the 95th percentile 
(score = 12) to identify participants with high CNS-
LS scores. Four participants exceeded this 
threshold, with two diagnosed with neurological 
conditions (MS and ALS) and scoring between 22 
and 27. After structured interviews, two were 
excluded due to the absence of neurological 
conditions and PBA symptoms. 
 
The two remaining individuals were confirmed to 
have neurological conditions, and the structured 
interviews further indicated that they exhibited 
symptoms consistent with emotional lability 
syndrome (see Table 2). 

 
Table 2 
Percentile Scores of Individuals Diagnosed With Neurological Diseases and Symptoms of Pseudobulbar Affect 
(PBA) 

Gender Age 
(Years) 

Educational 
Level Occupation 

Suffering from MS, ALS, 
Alzheimer's Disease, or 
Parkinson's Disease 

CNS-LS 
Score Percentile 

Male 39 Postgraduate Employee Yes 22 25.0 

Female 39 College Employee Yes 25 50.0 
 
After confirming the PBA diagnosis and obtaining 
participants' agreement, informed consent was 
secured for AVE therapy sessions. The process 
included: 

1. Pretest Assessment: Participants 
completed a paper version of the CNS-LS to 
establish baseline emotional lability scores. 

2. AVE Therapy Intervention: Over 2 months, 
participants underwent 40 AVE sessions 
using the DAVID Delight Pro device (20–30 
min per session, five times weekly), primarily 
using the "brain boosting" mode. 

3. Posttest Assessment: Participants retook 
the CNS-LS to assess symptom changes. 

4. Follow-Up Assessment: 3 months 
postintervention, the CNS-LS was 
administered again, with regular check-ins 
for monitoring. 

Data were collected at three points: pretest, posttest, 
and follow-up, utilizing interviews, observations, self-
reports, and third-party feedback. The therapeutic 
program was then initiated accordingly. 
 
Program Planning and Objectives  
The program planning process involved defining the 
research objectives, outlining the scientific content, 
and clarifying the procedures, strategies, and 
approaches for applying AVE technology. The 
sessions were carefully structured by specifying their 
duration, type, and frequency. These sessions were 
conducted at the Iraqi Association for Psychotherapy 
in Baghdad from February 10, 2024, to April 11, 
2024, with the primary goal of alleviating the 
symptoms of PBA in the participants. 
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Instructions for Implementing the Therapeutic 
Program  
The program began with participant training, during 
which they were instructed on properly using the 
AVE device. This included the correct positioning of 
the glasses and headphones, along with a thorough 
explanation of the technology and details of each 
session. A presession protocol instruction guide was 
provided to support the participants' engagement. 
Additionally, two AVE devices were prepared for 
home use, with daily follow-ups to ensure adherence 
to the treatment schedule. 
 
Participants were also advised to maintain healthy 
sleep and nutrition throughout the program. This 
included recommendations to sleep well and 
consume breakfast before the sessions while 
avoiding unhealthy foods that could potentially 
interfere with their overall well-being during the 
treatment. Biological factors, such as metabolism, 
were closely monitored, with reminders for 
participants to use the restroom before starting a 
session to prevent interruptions. 
 
As part of the program guidelines, participants were 
instructed to avoid taking any medications, if 
possible, to ensure that external factors did not 
influence the effects of the AVE therapy. A quiet, 
distraction-free environment was recommended for 
the sessions to maximize the therapeutic effects. 
Each participant attended five weekly sessions, 
lasting between 20 and 30 min, over 2 months, 
completing 40 sessions. Upon completion of the 
program, the Emotional Lability scale was 
administered to assess the effectiveness of the 
therapy. 
 
Session Content. Each session with the DAVID 
Delight Pro device is designed to modulate 
brainwave frequencies and improve cognitive 
function. Based on established literature and 
previous research using this technology, the "brain-
boosting" session was identified as most suitable for 
achieving the study’s goals. This session is 
recognized for enhancing focus, cognitive 
performance, and mental clarity. After the 
completion of 40 sessions, the devices were 
returned, and the posttest assessment using the 
Emotional Lability scale was administered to 
evaluate changes in participants' symptoms. 
 
Data Analysis. Due to the small sample size and 
non-normal distribution of scores, nonparametric 
statistical methods were employed. The Wilcoxon 
signed-rank test was used to compare pretest and 
posttest CNS-LS scores, while effect sizes were 

calculated to assess the magnitude of observed 
changes. 
 
Detailed Case Studies.  

Case Study 1: Male, Age 39, Postgraduate 
Employee. This case involves a 39-year-old male 
diagnosed with MS 10 years ago. He frequently 
experienced episodes of emotional lability, 
characterized by uncontrollable laughter and crying, 
though he had no other significant comorbidities. His 
baseline characteristics included a CNS-LS pretest 
score of 22. He worked as an office employee, had a 
postgraduate degree, and lived in Baghdad with his 
wife and two children. 
 
Before the intervention, the participant reported 
experiencing significant distress due to frequent 
emotional outbursts, which negatively impacted both 
his personal and professional life. To address this, 
he underwent a therapeutic intervention consisting 
of 40 AVE sessions conducted over 2 months, 
utilizing the brain boosting protocol. 
 
Following the intervention, the participant's CNS-LS 
posttest score decreased to 14, indicating a marked 
improvement. Self-report questionnaires and 
interviews measured improvements in mood stability 
and overall mental well-being. Furthermore, 
feedback from family members and colleagues 
gathered through structured interviews revealed 
noticeable positive changes in his emotional 
regulation, demonstrating the effectiveness of AVE 
therapy. 
 

Case Study 2: Female, Age 39, College 
Employee. This case centers around a 39-year-old 
female diagnosed with amyotrophic ALS 5 years 
ago. She frequently experienced uncontrollable 
crying episodes without any appropriate emotional 
triggers. Aside from her ALS diagnosis, she had no 
additional neurological or psychiatric conditions. At 
baseline, her CNS-LS pretest score was 25. She 
worked as an office employee, held a college 
degree, and lived in Baghdad as a single individual. 
 
Before the intervention, the participant experienced 
significant distress due to unpredictable crying 
episodes, which severely impacted her social 
interactions and work performance. To address 
these symptoms, she underwent 40 AVE therapy 
sessions over 2 months, following the brain-boosting 
protocol. 
 
Postintervention assessments showed a CNS-LS 
posttest score of 12, demonstrating a significant 
reduction in the frequency and severity of her crying 
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episodes. Emotional stability and a noticeable 
decrease in anxiety, particularly in social settings, 
were reported through self-assessments and 
interviews. Additionally, structured interviews with 
her colleagues revealed positive feedback regarding 
her improved emotional control and professionalism, 
further validating the benefits of AVE therapy in 
managing her symptoms. 
 
Follow-Up and Participant Retention. To assess 
the long-term effects of AVE therapy, follow-up 
evaluations were conducted 3 months 
postintervention using the CNS-LS, ensuring 
consistency with initial assessment methods. 
Participant retention was supported through regular 
contact via scheduled phone and email check-ins, 
reminding participants of upcoming assessments 
and addressing any concerns. The same 
assessment tools and procedures were applied 
consistently. Additionally, small incentives were 
provided to encourage continued participation and 
minimize dropout rates. 
 
Statistical Methods. Data collected via Google 
Forms were exported as a Microsoft Excel file and 
then transferred to SPSS version 26.0 for analysis. 
The data were carefully reviewed for errors and 
omissions before proceeding with nonparametric 
statistical analysis. Microsoft Excel and SPSS were 
used to analyze the data and achieve the study's 
objectives. 
 

Results  
 
Various data collection methods were employed 
throughout the study to understand the participants' 
experiences comprehensively. Semistructured 
interviews were conducted before and after the 
intervention, focusing on emotional lability, the 
impact on daily life, and the participants' perceptions 
of AVE therapy. In addition to the interviews, 
participants were observed during the sessions to 
monitor their engagement and emotional responses. 
Any notable behavioral changes were carefully 
recorded. 
 
Self-reported measures were also an integral part of 
the assessment process. CNS-LS scores were 
collected prior to the intervention and again after its 
completion, along with daily logs tracking emotional 
outbursts and mood fluctuations. External feedback 
from family members and colleagues was gathered 
as well in order to validate the participants' self-
reported improvements and to identify any potential 
discrepancies between their perceptions and those 
of third parties. 

The initial CNS-LS scores for the participants were 
22 for the male and 25 for the female. After 
completing 40 AVE sessions, both participants 
exhibited significant improvements in their posttest 
scores, with the male scoring 14 and the female 
scoring 12 (see Table 3). 
 
 
Table 3 
Pretest and Posttest CNS-LS Scores for Sample 
Individuals 

Gender Pretest CNS-LS 
Score 

Posttest CNS-LS 
Score 

Male 22 14 

Female 25 12 
 
 
Follow-Up Results 
At the 3-month follow-up, participants were 
reassessed using the CNS-LS. The results indicated 
that the improvements observed immediately 
postintervention were largely sustained, with 
participants maintaining lower CNS-LS scores than 
at baseline. These findings suggest that AVE 
therapy has a lasting effect on reducing symptoms 
of PBA. 
 

Discussion 
 
The 3-month follow-up results support the long-term 
efficacy of AVE therapy in reducing PBA symptoms. 
The sustained improvements in CNS-LS scores 
indicate that the benefits of AVE therapy extend 
beyond the immediate treatment period, highlighting 
its potential as a durable intervention for PBA. These 
results suggest that AVE therapy could provide a 
lasting solution for managing PBA symptoms, 
particularly important for improving the quality of life 
in individuals with neurological conditions. 
 
The persistence of these benefits over 3 months 
suggests that AVE therapy may induce long-term 
neurophysiological changes. This durability is crucial 
because it implies that the therapy does not merely 
provide temporary relief but could potentially alter 
underlying neural mechanisms associated with PBA. 
Further follow-up at longer intervals (e.g., 6 months, 
1 year) is recommended to confirm these findings 
and explore the persistence of treatment effects over 
time. Longitudinal studies will be essential to 
understand how AVE therapy maintains its effects 
and whether periodic booster sessions are 
necessary to sustain these benefits. 
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When comparing the results of the current study with 
those of other studies, significant agreement is 
found. Thomas and Siever (1989) showed significant 
improvements in motor activity and vascular motor 
activity using AVE technology, supporting its 
effectiveness in enhancing physiological responses. 
Joyce and Siever (2000) demonstrated that AVE 
technology effectively reduced behavioral disorders 
in a school environment, enhancing learning. Berg 
and Siever (2004) found a significant reduction in 
depressive symptoms in elderly individuals using 
AVE technology, indicating its benefit as a 
nonpharmacological treatment. Siever (2008) 
reported improvements in attention and cognitive 
functions, supporting its use in educational settings. 
Siever and Collura (2017) highlighted the positive 
impact of AVE technology on brainwave patterns 
and improvements in anxiety, ADHD, and cognitive 
decline. These studies collectively reinforce the 
therapeutic potential of AVE technology across 
various domains. 
 
Regarding PBA studies, the PRISM Study Team 
(Brooks et al., 2013) confirmed the prevalence of 
PBA symptoms across multiple neurological 
conditions, providing valuable epidemiological data. 
This extensive data set underscores the widespread 
impact of PBA and the necessity for effective 
interventions. The Cleveland Clinic (2025) focused 
on the effectiveness of the 
dextromethorphan/quinidine (DM/Q) combination in 
reducing PBA episodes in patients with amyotrophic 
ALS and MS. Their findings align with the current 
study, demonstrating that targeted interventions can 
significantly mitigate PBA symptoms. The Mayo 
Clinic Staff (2018) study demonstrated that 
Nuedexta, a combination of DM/Q, reduced the 
frequency and severity of PBA episodes, making it 
an effective treatment option. This further supports 
the role of pharmacological treatments in managing 
PBA symptoms, albeit with potential side effects. 
Finally, Young and Nguyen (2020) highlighted the 
effectiveness of DM/Q treatment in a complex case 
of PBA, supporting its use in severe neurological 
cases. This case study approach provides a detailed 
understanding of how AVE technology and 
pharmacological treatments can be integrated for 
comprehensive PBA management. 
 
The evidence from these studies collectively 
supports the effectiveness of AVE technology as a 
treatment for PBA symptoms, confirming our study's 
results and enhancing confidence in using AVE 
technology as an effective therapeutic method. The 
alignment of findings across different studies and 

conditions emphasizes the robustness of AVE 
technology as a versatile and potent intervention. 
 
Limitations 
Some limitations in this study should be considered. 
The small sample size is a notable constraint, 
reflecting PBA's inherent rarity, making finding more 
cases difficult. Given the limited availability of 
individuals with PBA, recruiting a control group was 
deemed impractical and scientifically irrelevant for 
this research, as including individuals without 
neurological conditions would not provide 
meaningful comparisons. 
 
The recruitment process was conducted through an 
online public form, where participants voluntarily 
completed the survey. Since participation was 
anonymous and voluntary, informed consent was 
not required at this initial screening stage. However, 
formal consent was obtained from the final 
participants before the intervention phase began. 
 
Potential confounding factors, such as variations in 
daily routines, dietary habits, or concurrent 
therapies, could have influenced the outcomes. 
Controlling these variables in a real-world setting is 
nearly impossible, but future studies might explore 
more controlled environments or detailed participant 
monitoring to address these issues. 
 
Despite these limitations, the study provides 
valuable preliminary insights into the potential 
efficacy of AVE therapy for managing PBA 
symptoms and sets a foundation for larger, more 
controlled investigations. 
 
Recommendations 
Based on the findings of this research, several 
recommendations are proposed to enhance the use 
of AVE technology and its integration into 
therapeutic practices. First, combining AVE 
technology with psychotherapy is highly 
recommended to avoid the adverse side effects 
often associated with pharmacological treatments. 
This combination could yield the most effective 
therapeutic results, offering a holistic approach to 
managing conditions like PBA. 
 
Additionally, AVE technology should be applied to 
other neurological and psychological patient groups. 
Given AVE therapy's noninvasive and side-effect-
free nature, many patients could benefit from this 
innovative approach, making it a valuable addition to 
existing treatment options. 
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Further efforts should focus on providing advanced 
laboratory devices that align with contemporary 
Neurotherapy techniques. These devices are 
essential for effectively treating a wide range of 
psychological, mental, and neurological disorders, 
enabling more precise and personalized 
interventions. 
 
Finally, there is a pressing need to establish 
psychological and neurological laboratories 
equipped with AVE technology. Incorporating these 
laboratories into the curriculum for undergraduate 
and graduate students is crucial, as they play a 
significant role in developing modern 
psychotherapeutic and neurotherapeutic methods 
and techniques. This will enhance educational 
outcomes and advance clinical practice in these 
fields. 
 
Suggestions 
In light of the study’s findings, several suggestions 
are proposed to advance the application of AVE 
technology and related research. It is recommended 
that similar studies be conducted with additional 
demographic variables to broaden the 
understanding of how different populations respond 
to AVE therapy. Expanding the scope to include 
more diverse demographic groups would provide 
deeper insights and strengthen the generalizability 
of the findings. 
 
Similar studies nationwide by colleges and 
universities are also suggested to identify the 
primary issues affecting these populations. The 
results of such studies should be communicated to 
decision-makers, allowing them to implement 
appropriate measures to address the identified 
problems. 
 
Furthermore, there is merit in utilizing international 
measurement tools that have been standardized for 
the Iraqi environment. By incorporating global 
benchmarks, researchers can enhance the 
comparability of findings across different settings 
while maintaining local relevance. 
 
It is also worth exploring the application of AVE 
technology in treating other neurological disorders. 
Given its effectiveness in managing PBA symptoms, 
AVE may benefit other conditions. 
 
Media awareness campaigns are highly 
recommended to encourage the widespread use of 
AVE technology. These campaigns would play a 
crucial role in informing the public about the 
advantages of utilizing safe, noninvasive 

technologies such as AVE to enhance mental 
functioning and alleviate the symptoms associated 
with neurological disorders. 
 
Finally, encouraging further research on biofeedback 
and neurofeedback devices is essential. Opening 
the field to new studies that investigate the use of 
these devices in daily life and mental health, 
alongside psychotherapy, could lead to innovative 
approaches to treating various psychological and 
neurological conditions. 
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Abstract  

Introduction. Brain-computer interface (BCI)-based games have been developed as an adjunct to conventional 

ADHD therapy. This review aims to assess the effectiveness of these systems. Methodology. ADHD Rating 

Scale (ADHD-RS) and Integrated Visual and Auditory Continuous Performance Test (IVA-CPT) scores were 

analyzed, while other outcomes were assessed qualitatively. Results. Eleven studies with a total of 421 subjects 

were included, which utilized seven unique BCI-based games. There was a significant reduction in parent-

reported (MD = 2.20; 95% CI: 0.91–3.49) and clinician-reported (MD = 1.60; 95% CI: 0.32–2.88) inattention (IA) 

scores in the intervention group versus control. There was a statistically significant reduction in parent-reported 

(MD = 3.70; 95% CI: 2.11–5.29) and clinician-reported (MD = 3.20; 95% CI: 1.82–4.58) IA scores and parent-

reported hyperactive/impulsivity (HI) scores (MD = 3.88; 95% CI: 1.88–5.87) in a pre–post intervention analysis. 

IVA-CPT visual and auditory scores showed a statistically significant increase in the response control (MD = 

12.85; 95% CI: 6.01–19.68) and attention (MD = 22.93; 95% CI: 15.44–30.43) quotients. Three studies reported a 

statistically significant reduction in Child Behavior Checklist (CBCL) scores. One study found a significant change 

in small-worldness over time (P = .045), indicating altered brain network structure after BCI-based attention 

training. Conclusion. BCI-based interventions show promise in controlling inattentive, hyperactive-impulsive, 

behavioral, and learning disability symptoms of ADHD, but further research is needed on a more holistic approach 

targeting both inattention and learning symptoms simultaneously. 
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Introduction 

 

Attention-deficit/hyperactivity disorder (ADHD) is a 

chronic developmental disorder that begins in 

childhood and can persist into adulthood (Carlson et 

al., 1999). It is traditionally categorized into three 

types: the inattentive type, characterized by easy 

distraction and difficulties in sustaining attention; the 

hyperactive/impulsive type, marked by hyperactivity, 

excessive talking, fidgeting, and a lack of impulse 

control; and the combined type, which includes 

symptoms of both inattention and hyperactivity 

(Carlson et al., 1999). The inattentive type is the 

most prevalent, while the hyperactive/impulsive type 

is the least common (Ayano et al., 2020). Therapies 

for ADHD often focus on managing attentional 
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symptoms, as these are central to the disorder's 

diagnostic criteria and significantly impact daily 

functioning. These symptoms include problems with 

task organization, frequent careless mistakes, and 

poor school performance. EEG analyses have 

revealed characteristic brain function disruptions in 

ADHD patients, such as decreased beta waves 

(associated with attention), decreased alpha waves 

(associated with relaxation), and increased theta 

waves (associated with inattention; Adamou et al., 

2020). Furthermore, it is also associated with altered 

intrinsic brain network organization, including 

hyperconnectivity within the default mode network 

(DMN) involved in self-referential mental activity, the 

ventral attention network (VAN) responsible for 

orienting attention to salient stimuli, and between the 

VAN and the dorsal attention network (DAN), which 

helps in directing attention to task-relevant 

information (Castellanos & Proal, 2012; Konrad & 

Eickhoff, 2010; Sidlauskaite et al., 2016).  

 

In typical brain networks, the architecture exhibits a 

balance of high local clustering of neurons and short 

path lengths, reflecting an optimal mix of local 

efficiency (specialized processing within clusters) 

and global efficiency (integrated processing across 

distant regions). This configuration is characteristic 

of a small-world network, which combines strong 

local connections for efficient segregated processing 

and long-range connections that enable effective 

communication across the entire brain. Such a 

balance supports both simple, localized tasks and 

complex, distributed cognitive functions. In contrast, 

brain networks in individuals with ADHD tend to shift 

toward a nonrandom configuration (Sporns, 2011). 

These networks are characterized by increased local 

clustering and longer path lengths, resulting in high 

local efficiency but reduced global efficiency. This 

disrupted balance limits the brain's ability to 

integrate information across distant regions, 

contributing to impairments in attention, executive 

function, and other distributed cognitive tasks (Watts 

& Strogatz, 1998).  

 

Attention training can significantly improve the 

symptoms by enhancing an individual’s ability to 

focus, sustain attention, and regulate cognitive 

processes (Jensen et al., 2016). This training 

typically involves structured exercises and strategies 

designed to increase attentional control, such as 

practicing concentration on specific tasks and 

employing cognitive-behavioral techniques like 

social planning, self-monitoring, and behavioral 

activation (Jensen et al., 2016). Alternatively, 

neurofeedback (NF) therapy has emerged as an 

innovative method for attention training, which 

utilizes EEG data to help individuals self-regulate 

their brain activity (Arns et al., 2009; Enriquez-

Geppert et al., 2019). The procedure involves 

placing electrodes on the scalp to monitor brain 

wave patterns and providing immediate feedback to 

participants through visual or auditory signals 

(Marzbani et al., 2016). Over time, participants train 

their brains to enhance desirable patterns, such as 

those associated with attention and executive 

function, and to reduce those associated with ADHD 

symptoms (Marzbani et al., 2016). A well-

established NF framework involves leveraging 

adaptive neuroplasticity, which occurs through long-

term potentiation (LTP) of neural synapses in brain 

regions associated with attention, executive function, 

and working memory, such as the dorsolateral 

prefrontal cortex, caudate nucleus, and 

hippocampus (Abarbanel, 1999; Trojan & Pokorný, 

1999). Traditional treatments, including medications 

such as methylphenidate and atomoxetine, enhance 

LTP by increasing presynaptic levels of 

norepinephrine (NE; Piña et al., 2020; Rozas et al., 

2015). NE acts on beta-adrenergic receptors to 

improve LTP, particularly in the hippocampus (Piña 

et al., 2020; Rozas et al., 2015). An alternative to 

medication, NF, is also proposed for ADHD 

treatment. Although NF does not directly increase 

neurotransmitter levels as medications do, it 

promotes LTP through long-term or repetitive 

stimulation (Abarbanel, 1999). NF enhances 

synaptic invaginations and increases the number of 

postsynaptic receptors (Trojan & Pokorný, 1999). 

The benefit derived from these approaches lies in 

the hippocampus's ability to induce LTP in cortical 

neurons, particularly in the prefrontal cortex 

(Abarbanel, 1999). This is significant because the 

hippocampus plays a crucial role in learning and 

memory, while the prefrontal cortex is essential for 

executive functions and attention. Consequently, NF 

training has the potential to enhance neuroplasticity 

in the prefrontal cortex, which may be particularly 

beneficial for reducing ADHD symptoms, especially 

those related to inattention (Abarbanel, 1999).  

 

However, a key drawback of NF therapy lies in the 

classic correlation-versus-causation problem: NF 

systems rely on monitoring brain rhythms correlated 

with attention levels, but these correlations do not 

necessarily imply direct causation. For example, an 

increase in certain brain wave activity might be 

associated with improved attention, but it doesn’t 

confirm that the subject's attention directly caused 

the change in brain wave patterns (Lim et al., 2010). 

This ambiguity raises questions about the 

effectiveness observed with NF in previous studies. 
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To address this issue, a more innovative design has 

emerged (i.e., BCI-based gaming systems). 

 

Brain-computer interface (BCI) engineering involves 

the acquisition, processing, and interpretation of 

neural signals to enable direct interaction between 

the brain and external systems. While both BCI and 

NF use similar electrode-based technology to 

capture brain signals, BCIs differ fundamentally in 

purpose and function. In traditional NF, brainwave 

patterns are merely displayed to the user, who 

learns to self-regulate brain activity over time; 

however, the user has no direct control over external 

systems. In contrast, BCIs enable individuals to 

actively control external devices or virtual elements 

by decoding neural signals into commands, creating 

an interactive feedback loop that goes beyond self-

regulation (Mridha et al., 2021). For example, in 

stroke rehabilitation, BCIs help patients control 

robotic devices or simulate movement, which aids 

motor recovery (Sebastián-Romagosa et al., 2023). 

In epilepsy, BCIs monitor brain activity to predict and 

manage seizures (Gummadavelli et al., 2018), and 

in Parkinson's disease, they assist in rehabilitating 

motor functions (Bronte-Stewart et al., 2020). For 

mental health, BCIs provide novel interventions by 

modulating brain activity, such as through BCI music 

therapy for depression and anxiety (Sun, 2022). 

 

Several studies have indicated that gaming can be 

helpful in ADHD patients due to its dynamic, 

engaging environments that stimulate processes 

such as attention and executive function, which are 

often impaired in ADHD (Peñuelas-Calvo et al., 

2022). Games with adaptive difficulty levels and 

real-time feedback can enhance neural plasticity by 

reinforcing attention-related brain networks and 

improving cognitive control through repetitive, task-

oriented practice (Kovacevic et al., 2015). BCI-

based gaming is effective because it adapts 

gameplay based on the users’ brain activity, helping 

to keep them engaged and focused on the in-game 

tasks. These systems operate on the principle of 

active and passive BCI technologies. Active BCIs 

require users to consciously focus their attention or 

perform specific mental tasks to influence the game 

or application, while passive BCIs monitor brain 

activity to detect subconscious changes in mental 

states, such as attention levels or relaxation, and 

adapt the game to subtly influence the user to alter 

these states. Studies have used both active and 

passive BCI techniques for attention training in 

children with ADHD (Zander et al., 2010). Both these 

systems offer distinct yet complementary benefits for 

ADHD management. While many individual trials 

have shown promising effects of this type of 

intervention as the primary treatment, there are few 

works that comprehensively compile and 

systematically compare their results, and none of 

them have focused on treatment outcomes 

(Cervantes et al., 2023). The objective of this review 

is to evaluate the impact of BCI-based games on 

ADHD symptoms, behavioral performance, and 

brain function, providing a comprehensive 

assessment of their efficacy in improving behavioral 

and learning outcomes in affected children.  

 

Methods  
 

This systematic review was written in accordance 

with the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines. 

The protocol was registered on the Open Science 

Framework (OSF) register (Raza et al., 2024). 

 
Study Outcomes 
There were two primary outcomes: (a) improvement 

in inattentive and hyperactive symptoms of ADHD 

and (b) improvement in behavior pattern of the child. 

Improvement in inattentive and hyperactive 

symptoms was represented by the change in the 

inattention (IA) and hyperactive-impulsivity (HI) 

scores measured with the ADHD Rating Scale 

(ADHD-RS), Integrated Visual and Auditory 

Continuous Performance Test (IVA-CPT), Clinical 

Global Impression-Severity (CGI-S) scale, and 

Children Global Assessment Scale (CGAS). 

Improvement in the behavior pattern was 

represented by the change in the scores measured 

with the Child Behavior Checklist (CBCL; Nøvik, 

1999). Refer to Table 1 for details regarding these 

scales. There was one secondary outcome, brain 

function modulation, which was represented in this 

review by the changes in EEG patterns or brain 

network connectivity observed with functional MRI 

(fMRI) following the intervention. 

 

Search Strategy 
Four databases (PubMed, Cochrane CENTRAL, 

ScienceDirect, and IEEE Xplore) and two trial 

registers (ClinicalTrials.gov and WHO ICTRP) were 

searched without any date restrictions in July 2024. 

The search used both controlled vocabulary and text 

words for the terms “attention deficit hyperactivity 

disorder (ADHD)” and “brain-computer interface 

(BCI)”. The specific search strategies for individual 

sources are given in Table 1A. 
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Table 1 
List of All Assessments/Scales Used to Assess Outcomes of ADHD 

Assessment/Scales Abbreviation Explanation 

Diagnostic and Statistical 

Manual of Mental 

Disorders 

DSM-IV (or V) Prespecified diagnostic criteria for ADHD 

ADHD Rating Scale ADHD-RS An 18-point questionnaire based on DSM-IV criteria for 

diagnosing and assessing ADHD severity. It has two 

subscales, inattention and hyperactive/impulsivity (DuPaul 

et al., 1998) 

Inattention score IA  Inattention score as measured by the ADHD-RS (DuPaul et 

al., 1998) 

Hyperactive/impulsivity score HI Hyperactivity and impulsivity score as measured by the 

ADHD-RS (DuPaul et al., 1998) 

Integrated Visual and Auditory 

Continuous Performance Test 

IVA-CPT A computerized visual and auditory attention test, wherein 

responses to objects on a screen requiring impulse control 

and avoiding errors of omission are scored on visual and 

auditory primary scales to derive scores (Tinius, 2003) 

Clinical Global Impression-

Severity 

CGI-S A scale assessing the severity of psychiatric symptoms, 

with higher scores indicating greater symptom severity 

(Berk et al., 2008) 

Children Global Assessment 

Scale 

CGAS A scale that assesses the overall functioning of the child, 

with higher scores indicating better performance in various 

domains of life, such as academic performance and social 

relationships (Shaffer, 1983) 

Child Behavior Checklist CBCL A scale for behavior pattern used in this study to measure 

improvement in symptoms by evaluating changes in 

scores. It encompasses two major categories of problems: 

externalizing and internalizing, as well as several minor 

categories including social, thought, and attention 

problems. Externalizing problems include behaviors such 

as lying, cheating, and aggression toward others, whereas 

internalizing problems involve issues like anxiety, social 

withdrawal, depression, and somatic complaints such as 

headaches and fatigue (Nøvik, 1999) 

 

 
Eligibility Criteria 
A study was deemed eligible if it met all of the 

following inclusion criteria: (a) children aged 12 

years or younger diagnosed with ADHD, according 

to either DSM-IV or DSM-V criteria; (b) patients who 

received BCI-based attention training game system 

as the sole intervention; (c) studies must be 

randomized-controlled trials (RCTs), nonrandomized 

controlled trials (nRCTs), single-arm experimental 

trials, or prospective cohort studies; and (d) outcome 

measures include postinterventional changes in 

symptoms, behavior, learning disabilities, or brain 

functions. A study was deemed ineligible if it met at 

least one of the following exclusion criteria: (a) 

studies in which most of the participants are taking 

either stimulant medications, supplements, or both 
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concomitantly or within 1 month prior to starting BCI-

based therapy because these substances can 

significantly improve attention and cognitive control, 

making it difficult to isolate the true effect of the BCI 

intervention; (b) patients who have predominantly 

hyperactive/impulsive symptoms because BCI-

based therapy primarily targets attention regulation, 

and including these patients could introduce 

heterogeneity in outcomes, making it difficult to 

assess the true effect of the intervention on 

attention-related symptoms; (c) studies that include 

both healthy participants and children with ADHD, 

but data for ADHD patients is not reported 

separately; (d) studies that report only the feasibility 

of BCI-based interventions without any treatment 

outcomes; and (e) studies that focus solely on 

nonmedical outcomes of BCI interventions, such as 

effects on social interactions or economic aspects. 

 

Study Selection and Data Extraction 
First, two authors independently screened the titles 

and abstracts of the studies identified from the 

electronic sources based on the inclusion criteria. 

Second, two authors independently screened the full 

texts of the studies based on the exclusion criteria. 

Finally, each included study was independently 

extracted by two authors for the following data: 

Study details (author name, year, setting and 

country, design, and duration), participant details 

(including age, sex, and treatment plan), and 

outcomes (primary and secondary). Any conflict 

between the two independent authors was resolved 

by the mutual consensus of all authors. 

 

Risk of Bias Assessment 
The risk of bias for RCTs was assessed using RoB 1 

developed by Cochrane Collaboration (Higgins et 

al., 2011). It has seven domains that assess 

selection, performance, detection, attrition, reporting, 

and other biases. In each domain, the risk of bias 

was marked as low, uncertain, or high. The risk of 

bias for nonrandomized studies was assessed using 

the methodological index for nonrandomized studies 

(MINORS) tool developed by Slim et al. (2003). It 

has a general section with eight criteria for the rating 

of aims, sampling, planning, endpoints, outcome 

assessment, follow-up period, attrition, and sample 

size calculation, respectively. There is an additional 

section only for comparative studies with four criteria 

for the rating of control group adequacy, 

contemporariness of groups, baseline equivalence, 

and statistical analysis, respectively. On each 

criterion, the study can be rated 0 (not reported), 1 

(inadequately reported), and 2 (adequately 
reported). The overall maximum score is 16 for 

noncomparative and 24 for comparative studies. 

 

Statistical Analysis 
The data for all outcomes was summarized 

qualitatively. To evaluate the improvement in the 

symptoms of ADHD (represented by changes in 

ADHD-RS and IVA-CPT scores), a pooled analysis 

using inverse variance (IV) method and fixed-effects 

model was conducted. Heterogeneity was assessed 

by Cochrane Q and I2 tests. All analysis was 

performed with RevMan Web. No sensitivity analysis 

and assessment of publication bias was performed. 

 
Results 

 
Characteristics and Bias Assessment of 
Included Studies  
A total of 4,103 records were identified through the 

database search and the manual search. The 

duplicates were removed, and the remaining 3,260 

records underwent title-and-abstract screening. Out 

of these, 3,236 records were excluded and 26 

records were selected for full-text screening. Eleven 

studies were finally included in the review. The 

whole screening process is summarized in the 

PRISMA 2009 flow diagram (Figure 1). Studies 

excluded in secondary screening along with reasons 

of exclusion are given in Table 2A. 

 

The included studies, published between 2008 and 

2023, reported the data on ADHD patients from 

three double-arm intervention-control RCTs 

(Johnstone et al., 2017; Lim et al., 2019; Qian et al., 

2018), one double-arm comparative RCT (Lim et al., 

2023), one control-matched single-arm trial (Lim et 

al., 2010), and six single-arm trials (Blandón et al., 

2016; Georgiou et al., 2019; Lim et al., 2012; Liu et 

al., 2013; Park et al., 2019; Yan et al., 2008). One 

RCT, Johnstone 2017 (Johnstone et al., 2017), had 

two subgroups with one comprising of ADHD 

patients with a confirmed diagnosis of ADHD and 

the other of patients with subclinical symptoms. Only 

the data from the former group was collected for this 

review. The characteristics of the included studies 

are summarized in Table 3A and the patient 

characteristics are given in Table 2. 
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Figure 1. PRISMA flowchart for the Screening Process. 
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Table 2 
Patient Characteristics and BCI Games Used in the Eleven Included Studies 

Study ID 
Total 

number of 
participants 

Type of 
BCI 

Age range/ 
Mean age 

Gender 
distribution Comorbidities 

Groups 

BCI Non-BCI 
Blandón et al. (2016) 9 children Active 5–12 N/A None 9 - 

Georgiou et al. (2019) 53 children Active 9.98 ± 1.85 40 males 
13 females 

None 53 - 

Johnstone et al (2017) 44 children Active 9.81 / 7.3–12.8 31 males 
13 females 

None 22 22 

Lim et al. (2010) 16 children Active 8.9 ± 1.4 13 males 
3 females 

None 8 8 

Lim et al. (2012) 20 children Active 7.8 ± 1.4 / 6-11 16 males 
4 females 

None 20 - 

Lim et al. (2019) 163 children Active 8.6 ± 1.54 / 6–12 138 males 
25 females 

None 81 82 

Lim et al. (2023) 20 children 
(10 home-
based and 
10 in clinic) 

Active 9.93 ± 1.69 / 6–12 16 males 
4 females 

Tourette 
syndrome, 
dyslexia 

20 - 

Liu et al. (2013) 13 children Active 6–13 years 19 males 
3 females 

None 13  

Park et al. (2019) 5 children Passive 6–8 All males None 5 - 

Qian et al. (2018) 66 children Active 9.00 ± 1.50 All males None 44 22 

Yan et al. (2008) 12 children Active 8–12 years 10 males 
2 females 

None 12 - 

 

 

Available BCI-Based Equipment 
All of the included studies utilized seven unique BCI-

based intervention programs, which are summarized 

in Table 3. Based on the specific mode of interaction 

of the interface, the BCI equipment was classified 

into three categories (i.e., active, reactive, and 

passive). Only one of the included studies, Park et 

al. (2019) utilized passive BCI mode of interaction. 

The remaining eight studies utilized active BCI mode 

of interaction. 

1. Lim et al. (2010) developed a puzzle game 

where users' attention levels were used to 

solve increasingly complex puzzles. EEG 

signals were collected via electrodes placed 

at Fp1, Fp2, and Pz, covering frequencies 

from 4 Hz to 36 Hz, including theta, alpha, 

beta 1, and beta 2 waves. These signals 

were processed through spatial filters, and 

machine learning was applied to classify the 

EEG data into attention or nonattention 

states, providing a quantifiable attention 

score. Calibration of the BCI system was 

achieved using EEG data collected during a 

concentration task involving the game. 

2. Subsequent studies by Lim (2012, 2019, 

2023) and Qian et al. (2018) involved a 3D 

computerized graphic game named 

CogoLand. In this game, participants 

controlled an avatar based on EEG signals 

detected by electrodes placed at Fp1 and 

Fp2. The frequency bands (4–36 Hz) and 

signal processing techniques were 

consistent with those used in the previous 

puzzle game. The EEG data were computed 

into a BCI ADHD Severity Measure (BASM) 

score via a built-in regression function and 

presented to the user on screen. BCI 

calibration was done using EEG waves 

recorded during a color Stroop test. 

3. Blandón et al. (2016) created a virtual reality 

(VR) adventure game called Harvest 
Challenge, where players interacted with 

virtual objects by modulating their attention 

levels. This study utilized two toolboxes: 

HCI-signal processing toolbox for 
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processing physiological and biomechanical 

signals, including electromyographic (EMG) 

signals, and NeuroRead for EEG signal 

processing and visualization from low-cost 

BCI systems. The frequency bands recorded 

ranged from 0.5 Hz to 35 Hz, covering 

alpha, beta, delta, theta, and gamma waves. 

These attention levels were mapped from 0 

to 100 percent, providing visually explicit 

physiological feedback. 

4. Johnstone et al. (2017) developed Focus 
Pocus, a game consisting of 14 mini-games, 

including 6 NF games. Out of these, two 

games focused on attention, two on 

relaxation, and two on zen feedback. A 

portable EEG device collected waves in 

delta, theta, alpha, and beta frequency 

bands. Proprietary algorithms calculated 

values representing two independent 

psychological states: “attention” and 

“relaxation,” with scores presented between 

0 and 100. 

5. Georgiou et al. (2019) utilized the 

FocusLocus game system, where players 

expand a reef colony by employing tactics 

and strategic planning skills such as goal 

setting, planning, sequencing, and time 

management. EEG waves were collected 

and clustered into five frequency bands 

corresponding to brainwaves: (a) delta 

waves (0.5 Hz to 3 Hz), (b) theta waves (4 

Hz to 7 Hz), (c) alpha waves (8 Hz to 13 

Hz), (d) beta waves (14 Hz to 30 Hz), and 

(e) gamma waves (31 Hz to 50 Hz). 

6. Park et al. (2019) developed a passive 

mode BCI game with an immersive fairy tale 

experience. Users followed the storyline and 

read dialogues on the screen while the BCI 

system monitored their brain and motion 

activity. The game adapted its gameplay by 

prolonging time or incorporating 

encouraging words from game characters if 

the user's attention level dropped. 

7. Yan et al. (2008) and Liu et al. (2013) 

developed a series of games that integrate 

NF and VR technologies, allowing patients' 

attention levels to influence gameplay. For 

instance, Yan et al. (2008) described a 

game where a player's attention controls the 

movement of a spaceship. The spaceship 

accelerates when the EEG-based BCI 

detects an increase in the player's attention 

level. 

 

 

Table 3 
Specification of the Seven BCI-Based Games 

Name of the 
game 

BCI 
mode 

(active/ 
passive) 

Control interface Gameplay Mechanism of 
levels 

Duration per 
session 

Puzzle Game 
(Cogoland 
initial version) 

Active EEG (alpha, beta 
1, and beta 2 
waves) 

Puzzle game / a series of 
games with increasing 
difficulty. 

N/A Two 30-min 
sessions/week for 10 
weeks 

Cogoland Active The EEG data was 
collected via a 
headband with two 
dry EEG sensors 
(4–36 Hz). 

Adventure game with 
different levels. The player 
has to cover as much 
distance as possible in the 
first level and then collect 
fruits in the subsequent 
levels. 

There were three 
levels in the game 
and each level 
required additional 
attention to play. 

Three 30-min 
sessions/week for 8 
weeks 

Harvest 
Challenge 

Active NeuroRead v1.1 
was utilized, which 
is a toolbox for 
EEG processing 
(alpha, beta, delta 
& theta waves) 
and visualization. 

The game starts in an 
ecological farm and the 
first task is to collect the 
equipment needed for a 
safe ride in the canopy. 
Next, the player is given 
the task to repair the 
pathway and collect as 
many carrots as possible. 

Three levels in total: 
1. Equipment for 

the Canopy 
2. Repairing the 

pathway 
3. Harvesting the 

carrots 
The previous level 
has to be cleared 
first in order to reach 
the next level. 

30 min/session, total 
two sessions 
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Table 3 
Specification of the Seven BCI-Based Games 

Name of the 
game 

BCI 
mode 

(active/ 
passive) 

Control interface Gameplay Mechanism of 
levels 

Duration per 
session 

Focus Pocus Active The portable, dry 
sensor “Mindwave” 
EEG device was 
used. The EEG 
waves were alpha, 
beta, delta & theta 
waves. 

The player is a “wizard in 
training” working to 
improve important wizard 
skills such as broomstick 
racing, transformation, 
potion making, etc. 

In each training 
session, two NF 
games were driven 
by Attention, two by 
Relaxation, and two 
by Zen feedback. 
 

3-4 sessions/week, 
total of 25 sessions 
over 6–8 weeks 

FocusLocus Active EEG was recorded 
via a wearable 
headset 
equipment. The 
recorded waves 
were alpha, beta, 
gamma, delta, and 
theta. 

Well-established 
paradigms of Real-Time 
Strategy (RTS) and 
Management Simulation 
(MS) game genres. 

The game includes 
rewards and 
punishments that will 
be offered to the 
player on the basis 
of their performance. 

No more than 30 
min/session. 

Fairy-Tale 
game 

Passive The control 
interface “Adaptive 
Behavior Training 
Game Platform 
(ABTGP)” collects 
brainwaves as 
EEG. 

The player acts as a third 
character in the story of a 
fisherman and a genie. 
The player is given tasks 
and if his attention drops, 
the fisherman encourages 
him to carry out tasks. 

No levels, increased 
concentration 
required to perform 
subsequent tasks. 

37-min runtime, 
sessions performed 
over 5 weeks, 
including one 20-min 
adaptation test and 
four 40-min full tests 

Virtual 
Environment 
(VE) games 

Active EEG signals (0.1–
70 Hz) collected 
via electrodes 
placed on scalp 

Three spaceships move 
on computer screen. The 
middle spaceship speeds 
up in response to an 
inspirational signal from 
EEG 

N/A 25- to 35-min 
sessions performed 
twice per week with 
total 20 training 
sessions 

 

 

Symptom Reduction 
ADHD-RS Scores. Five of the included studies 

reported ADHD-RS IA and HI scores (except for 

Johnstone et al. (2017), which reported a modified 

scale consisting of questions from both these 

sheets) reported by a parent, teacher or a clinician. 

The summary of these scores is given in Table 4A. 

The pooled analysis using IV method and the fixed-

effects model using two of the included intervention-

control RCTs, Lim et al. (2010 & 2019), showed a 

statistically significant mean difference between 

intervention and control groups in parent-reported 

(MD = 2.2; 95% CI: 0.91–3.49; P = .0008) as well as 

clinician-reported (MD = 1.6; 95% CI: 0.32–2.88;  

P = .001) IA scores. The pooled scores and the 

analyses are presented in Figure 2. 

 

Furthermore, the pooled pre- and postintervention 

values from five of the included trials (Lim et al., 

2010, 2012, 2019, 2023; Qian et al., 2018), using IV 

method and the fixed-effects model, showed 

statistically significant improvements in the parent-

reported (MD = 3.7; 95% CI: 2.11–5.29; P < .00001) 

and the clinician-reported (MD = 3.20; 95% CI: 1.82–

4.58; P < .00001) ADHD-RS IA scores. The 

analyses are presented in Figure 3. Similarly, the 

pooled pre- and postintervention values for parent-

reported ADHD-RS HI score with the same methods 

showed a statistically significant difference (MD = 

3.88; 95% CI: 1.88–5.87; P < .0001). The analysis is 

presented in Figure 4. 

 

Integrated Visual and Auditory Continuous 
Performance Test (IVA-CPT) Scores.  Two 

studies, Yan et al. (2008) and Liu et al. (2013), 

utilized the IVA-CPT to assess changes in response 

control and attention quotients, along with their 

auditory and visual components (see Table 5A). 
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Figure 2. Forest Plot of Pooled MD for ADHD-RS IA Scores. 

 
 

 

Figure 3. Forest Plot of Pooled MD for Pre- and Postintervention ADHD-RS IA Scores. 
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Figure 4. Forest Plot of Pooled MD for Pre- and Postintervention ADHD-RS HI Scores. 

 
 
A pooled analysis of pre- and postintervention 

values from these studies, using the IV method and 

a fixed-effects model, revealed statistically 

significant increases. Specifically, the overall 

auditory RCQ increased (MD = 12.18, 95%  

CI: 4.93–19.42; P = .001), as did the visual RCQ 

(MD = 10.68, 95% CI: 2.15–19.20; P = .01) and the 

overall RCQ (MD = 12.85, 95% CI: 6.01–19.68;  

P = .0002). Similarly, for the attention quotient, there 

were significant increases in auditory AQ  

(MD = 17.29, 95% CI: 8.76-25.81; P < .001), visual 

AQ (MD = 22.48, 95% CI: 13.33–31.73; P < .00001), 

and overall AQ (MD = 22.93, 95% CI: 15.44–30.43; 

P < .00001). The analyses are given in Figure 5 and 

Figure 6. 

 
 
Figure 5. Forest Plot of Pooled MD for Pre- and Postintervention Response Control Quotient Scores. 
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Figure 6. Forest Plot of Pooled MD for Pre- and Postintervention Attention Quotient Scores. 

 
 

Clinical Global Impression-Severity (CGAS) and 
Children Global Assessment Scale (CGI-S) 
Scores. Only two RCTs, Lim et al. (2019) and Lim et 

al. (2023), reported clinician-assessed CGAS and 

CGI-S scores. Lim et al. (2019) reported a 

statistically significant mean difference (MD = 3.3; 

95% CI: 2.4–4.2; P < .0001) and (MD = 4.5; 95% CI: 

3.5–5.4; P < .0001) between the intervention and the 

waitlist at the 20th and 24th week of intervention 

compared to mean change at 8th week of waitlist, 

respectively. Similar results were reported for the 

clinician-rated CGI-S scores for the two groups. On 

the other hand, Lim et al. (2023) reported the group 

differences in CGAS and CGI-S scores between the 

children receiving home-based and clinic-based 

intervention. However, no significant differences 

were observed in those scores. The results from 

these studies are summarized in Table 4.  
 

Behavioral Enhancement 
Child Behavior Checklist (CBCL) Scores. Three of 

the included studies, Qian et al. (2018), Lim et al. 

(2019), and Lim et al. (2023), reported behavioral 

enhancement in the form of improvements on 

various versions of parent-reported CBCL scales. 

Two of the studies reported the mean values and 

measures of variance for intervention and waitlist 

groups, while one RCT, Lim et al. (2023), compared 

home-based intervention against clinic-based 

intervention. The reported findings from these three 

are summarized in Table 5.   

 

Reading Disability. Only one study, Park et al. 

(2019), reported improvement in reading 

comprehension (reciting, vocabulary understanding, 

sentence completion, vocabulary selection, 

sentence structure, short passage reading 

comprehension) on the Korean National Intelligence 

for Special Education–Basic Academic Achievement 

Test (KNISE-BAAT) scale, showing a statistically 

significant improvement in reciting short passage 

comprehension (P = .021) and general reading 

comprehension (Park et al., 2019). 

 

Brain Function Modulation 
Only one study, Qian et al. (2018), reported the 

analysis of functional and structural MRI images pre- 

and postinterventions. Global efficiency and 

clustering coefficient did not show any significant 

effect of the BCI-based training over time (P > .05). 

In contrast, the small-worldness measure showed a 

significant time and group interaction (P = .045). 

After the BCI-based training, the small-worldness of 

the intervention group remained almost the same 

while that of the control group decreased 

significantly. Moreover, the reduction of small-

worldness was correlated with less behavioral 

improvement (CBCL internalizing problems) over 

time across all ADHD patients (r = −0.384, P = .040).
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Table 4 
CGAS and CGI-S Scores for the Intervention and Control Groups 

Study ID Assessor Test Time of 
assessment 

Intervention group Control group Group Difference 
reported 

Mean change from 
baseline (SD) 

Mean change from 
baseline (SD) MD (SD); P value 

Lim et al. 
(2019) 

Clinician CGAS at Week 8 
 
at Week 20  
 
at Week 24 

2.8 (4.75) 
 
3.2 (6.03) 
 
4.3 (5.87) 

1.8 (4.92) 
 
N/A 
 
N/A 

1.03 (−2.6–0.5)  
P = .1817  
3.3 (2.4–4.2)  
P < .0001  
4.5 (3.5–5.4)  
P < .0001 

Clinician CGI-S at Week 8 
 
at Week 20  
 
 
at Week 24 

Median Change = 0.0; 
Range = (−5.0, 1.0) 
Median Change = 0.0; 
Range = (−2.0, 5.0) 
 
Median Change = 0.0; 
Range = (−2.0, 5.0) 

Median Change = 0.0; 
Range = (−1.0, 2.0) 

Median D (Range) = 
0.0; P = .2026  
Median D (Range) = 
0.0 (−2.0, 5.0);  
P < .0001  
Median D (Range) = 
0.0 (−2.0, 5.0);  
P < .0001 

Lim et al. 
(2023) 
[The 
intervention 
is clinic and 
the control 
is home] 

Clinician CGAS At week 8 3.70 (7.88) 5.56 (3.68) P = .68 

Clinician CGI-S At week 8 −0.06 (0.70) −0.50 (0.53) P = .28 

 

 

Adverse Effects 
Two of the included studies, Lim et al. (2019) and 

Lim et al. (2023), reported treatment-associated 

adverse events. Lim et al. (2019) stated that a total 

of 6.4% (11/172) participants reported at least one 

adverse event, and headache was the most 

common complaint, followed by dizziness (6 and 4, 

respectively). Only one participant reported two 

different adverse events on one occasion, i.e., 

headache and trouble paying attention or 

concentrating. Lim et al. (2023) stated that only 2 out 

of 20 participants reported to have experienced a 

side effect. None of these adverse events required 

medical treatment or were rated to be severe. 

Risk of Bias Assessment 
The risk of bias of nonrandomized studies assessed 

with MINORS is given in Table 6A. The only 

comparative study, Lim et al. (2010), scored 19 

which indicates high risk of bias (ideal score = 24). 

Four noncomparative ones scored 11 or above, and 

two, Blandón et al. (2016) and Liu et al. (2013), 

scored 7 points, indicating high risk of bias in all 

these studies. The risk of bias for only single arm 

studies using is presented in Figure 7. The risk of 

bias of RCTs assessed with RoB 1 is given in Figure 

8. All studies but Johnstone et al. (2017) had a low 

risk of bias in majority of the domains. 
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Table 5 
CBCL Scores for Intervention and Control Groups 

Study ID Assessor CBCL type Time of 
assessment 

Intervention group Control group 

Mean (SD) 
Mean 

Difference  
(SD) 

Mean (SD) 
Mean 

Difference 
(SD) 

Qian et al. 
(2018) 

Parents Internalizing 
problems 

Baseline 
At week 8 

7.88 (5.08) 
5.38 (4.17) 

 12.36 (9.65) 
10.54 (7.84) 

 

Lim et al. 
(2019) 

Parent Internalizing 
problems 

Baseline 
At week 8 
 

At week 20 
 
At week 24 

61.2 (10.1) 
N/A 
 

N/A 
 
N/A 

 
Baseline/week 8  
= 4.0 (4.80) 
Baseline/week 20 
= 4.1 (5.59) 
Baseline/week 24 
= 5.3 (6.17) 

60.9 (10.59)  
Baseline/week 8 
= 1.8 (4.21) 

Externalizing 
problems 

Baseline 
At week 8 
 
At week 20 
 
At week 24 

62.5 (9.45) 
N/A 
 
N/A 
 
N/A 

 
Baseline/week 8  
= 3.3 (6.54) 
Baseline/week 20 
= 3.7 (8.20) 
Baseline/week 24 
= 4.7 (8.70) 

64.6 (9.19)  
Baseline/week 8 
= 2.5 (6.51) 

Lim et al. 
(2023) 
[The 
intervention 
is clinic and 
the control 
is home] 

Parent Attention 
problems 

Baseline 
At week 8 

67.3 (10.0) 
N/A 

 
Baseline/ week 8 
= −3.70 (8.11) 

75.8 (12.9) 
N/A 

 
Baseline/week 8 
= −5.00 (7.82) 

Internalizing 
problems 

Baseline 
At week 8 

54.3 (10.9) 
N/A 

 
Baseline/ week 8 
= −3.10 (7.88) 

62.0 (7.56) 
N/A 

 
Baseline/week 8 
= −1.5 (7.09) 

Externalizing 
problems 

Baseline 
At week 8 

57.6 (12.1) 
N/A 

 
Baseline/ week 8 
= −3.60 (6.22) 

60.1 (10.10) 
N/A 

 
Baseline/week 8 
= −2.70 (5.79) 

Total 
problems 

Baseline 
At week 8 

60.7 (9.42) 
N/A 

 
Baseline/ week 8 
= −3.8 (4.19) 

66.1 (6.44) 
N/A 

 
Baseline/week 8 
= −3.00 (5.06) 

ADH 
Problems 

Baseline 
At week 8 

64.9 (8.21) 
N/A 

 
Baseline/ week 8 
= −2.30 (5.46) 

67.4 (8.98) 
N/A 

 
Baseline/week 8 
= −1.90 (6.21) 
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Figure 7. Risk of Bias Assessment of Single Arm Studies by MINOR Scale. (0 = Not Reported, 1 = Reported but 

Inadequate, 2 = Adequately Reported). 

 
 
 
Figure 8. Risk of Bias Assessment of RCTs by RoB 1 Scale. (A) Traffic Light Plot (B) Summary Plot. 
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Discussion 
 

The idea behind developing games for attention 

training in children with ADHD is to enhance their 

engagement with the treatment program (Strahler 

Rivero et al., 2015). These games also provide real-

time feedback, helping children adapt more 

effectively (Strahler Rivero et al., 2015). Although 

only a few games have been tested on children with 

ADHD, six major game designs for attention training 

have been highlighted in this review. The most well-

studied game is CogoLand, developed by a 

research team in Singapore. This game operates on 

the active BCI principle, using an EEG device to 

record brain waves (4–36 Hz) and employing waves 

associated with attentive states (beta 1 and beta 2) 

to control gameplay (Lim et al., 2012, 2019). In 

CogoLand, an avatar's movement speed on an 

island is proportional to the user's attention level 

(high frequency beta waves). Other games, such as 

Harvest Challenge, Focus Pocus, and FocusLocus, 

developed by research teams in Colombia, 

Australia, and Greece, respectively, also use active 

BCI techniques to control gameplay and provide 

feedback to the user (Blandón et al., 2016; Georgiou 

et al., 2019; Johnstone et al., 2017; Teo et al., 

2021). In contrast, an immersive fairy tale game 

developed by a research team in Korea employs the 

passive BCI technique (Park et al., 2019). This 

game modifies itself based on unintentional changes 

in the user's brainwave activity, such as decreased 

attention levels, and adjusts the game in a way that 

subconsciously increases these levels (Park et al., 

2019). While current data is insufficient to establish 

a definitive comparison between active and passive 

BCI-based games, theoretical frameworks suggest 

that active BCI games require continuous interaction 

and engagement from the user, making them 

potentially better for actively training and improving 

attention control. On the other hand, passive BCI 

games require less problem solving and interaction 

from the user, so they might be more suitable for 

users with moderate attention deficits requiring less 

demanding tasks for attention training. Also, this 

technique might be more appropriate for younger 

children (e.g., ages 1 to 5), as they can engage 

without the frustration of complex tasks while still 

promoting cognitive development through a 

supportive and nonintrusive approach. Future 

studies using passive BCI games should consider 

this point. 

 

The included studies have reported the effects of 

these gaming systems on various outcomes in 

children with ADHD. For this review, changes in 

ADHD-RS scores were used as the primary criteria 

to assess symptomatic reduction in ADHD patients 

(DuPaul et al., 1998). A change-from-baseline 

analysis of studies using CogoLand revealed 

significant reductions in ADHD-RS IA and HI scores 

after 8–24 weeks of BCI training. Specifically, 

significant differences were observed between the 

intervention and control groups in their respective 

changes from baseline for IA scores. The games 

primarily target inattention symptoms, as individuals 

need to increase their attention levels to play. This 

explains the reduction in IA scores. Since this 

training induces neuroplastic changes in the brain, 

the strengthened neuronal networks also reduce HI 

symptoms as observed in these studies. The 

included studies whose data was pooled in the 

meta-analysis were conducted in similar settings 

using similar equipment and population (which may 

lower the generalizability of the results), and there 

was little heterogeneity. That is why sensitivity 

analysis and assessment of publication bias were 

deemed unnecessary.  

 

One study by Johnstone et al. (2017), which used 

the Focus Pocus game, also reported lower 

postintervention ADHD-RS scores in the intervention 

group compared to the waitlist control group. 

Significantly decreased scores at timepoint 2 (7–9 

weeks postintervention) indicate the efficacy of this 

device as well. Blandón et al. (2016) also reported 

increased attention levels in subsequent training 

sessions, measured by a built-in algorithm. All this 

data is promising enough to justify including these 

gaming systems in large prospective trials to 

determine their efficacy in symptom reduction more 

effectively. 

 

Several studies have employed continuous 

performance tests (CPTs) to evaluate a subject's 

ability to respond to target stimuli while ignoring 

distractor stimuli through the execution of routine, 

automated tasks (Homack & Riccio, 2006). A 

modified version of this test, known as the IVA-CPT, 

presents stimuli on a computer screen: subjects 

must click the mouse in response to the target 

stimulus, a "1," and refrain from clicking in response 

to the distractor stimulus, a "2" (Sherman et al., 

2023, p. 289). The two studies included in this 

review that performed this test to assess the 

effectiveness of BCI-based therapy demonstrated 

significant improvements in both the overall scores 

and the audio and visual components of the RCQ 

and AQ, the two primary quotient scores derived 

from this test (Liu et al., 2013; Yan et al., 2008). 

These findings suggest that BCI-based therapy 

enhances self-regulation by improving control over 

impulsivity and increasing consistency and 
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endurance, as indicated by the improved RCQ 

scores. Additionally, the enhancement in AQ scores 

reflects the subjects’ increased ability to concentrate 

more effectively and sustain attention for longer 

periods after BCI-based therapy. 

 

Other outcomes of efficacy included changes in the 

CGAS and CGI-S scores (Berk et al., 2008; Shaffer, 

1983). The largest RCT utilizing BCI for ADHD, 

conducted by Lim et al. (2019), measured these 

scales and found significant differences from 

baseline at weeks 20 and 24, but not at the primary 

timepoint, week 8. This is likely because these 

scales are broader and assess improvements in 

general functioning, social interactions, and 

academic performance, which typically take more 

time to manifest. These improvements involve 

multiple areas of the child's life and require 

sustained changes in behavior and skills. However, 

the assessment of these scales is somewhat 

subjective as compared to the more objective 

ADHD-RS scale. 

 

Learning disability (LD) is found in approximately 27 

to 31 percent of students with ADHD (DuPaul & 

Volpe, 2009). The most common type of LD in 

children with ADHD is a reading disability, 

characterized by impaired phonological processing 

and comprehension problems (Purvis & Tannock, 

2000). To assess the impact of BCI-based attention 

training on LD, Park et al. (2019) used an immersive 

fairy tale game. In this game, the dialogues of 

characters are written on the screen (with no audio), 

requiring the user to read them and make decisions. 

The results showed a significant improvement from 

baseline in reciting and reading comprehension of 

short passages, as determined by a standardized 

test on reading and comprehension (KINESE-

BAAT). However, the study had a small sample size 

(n = 5) and included only three BCI sessions, so the 

findings may not be generalizable. 

 

Improving a child's behavior is a key objective in 

ADHD management. Common behavioral symptoms 

in ADHD include noncompliance, lack of 

independence in completing daily chores, 

disorganization, aggression, and defiance toward 

parents (Pfiffner & Haack, 2014). To assess these 

behavioral symptoms, the included studies used 

CBCL (Nøvik, 1999). Internalizing problems are 

particularly important in the context of ADHD, as 

these comorbidities can significantly impact 

behavioral improvements in these children (Al-

Yagon et al., 2020). Studies have reported a lower 

CBCL score postintervention, indicating a significant 

impact of BCI-based attention systems on 

behavioral enhancement. Specifically, studies by 

Qian et al. (2018), Lim et al. (2019), and Lim et al. 

(2023), all reported reductions in internalizing 

problems following BCI-based attention training 

compared to baseline. Given that the CBCL is a 

broad-scale assessment, the reported improvements 

after BCI-based training warrant further exploration 

to better understand the scope and mechanisms of 

these behavioral changes. 

 

Brain EEG patterns are known to be altered in 

ADHD patients. In the study by Georgiou et al. 

(2019), the theta-beta ratio (TBR) was calculated 

before and after intervention. The findings indicated 

a decrease in TBRs following attention training, 

suggesting that the brain patterns were shifting more 

towards an attention state. This reduction in the TBR 

implies an improvement in attention-related brain 

activity, aligning with the goal of the training to 

enhance attentional control (Georgiou et al., 2019). 

Further evidence of brain function modulation is 

provided by Qian et al. (2018), who used 

neuroimaging with fMRI to study the effects of BCI-

based attention training in children. The aim of the 

training was to decrease intranetwork connectivity 

while increasing internetwork connectivity to 

enhance global brain efficiency and reduce local 

efficiency. By increasing connectivity within the 

salience/ventral attention network (SVN) and 

between the SVN and other critical networks, the 

training appears to enhance the coordination 

between attention systems, which is crucial for 

managing ADHD symptoms. The reduction in 

connectivity between the SVN and subcortical 

networks suggests a potential normalization of brain 

function, addressing known deficits in dopaminergic 

signaling associated with ADHD (Cubillo et al., 2012; 

Li et al., 2014).  

 

Small worldness is the property of brain network that 

describes a state with high clustering of neurons and 

shorter path lengths between two nodes (Bassett & 

Bullmore, 2017). Small world networks are 

associated with high attention states (Qi et al., 2021; 

Xu et al., 2015). In the study, Qian et al. (2018), the 

small-worldness measure showed a significant 

change over time (P = .045), indicating a difference 

in the brain network structure between the initial and 

final measurements. Furthermore, after the BCI-

based training, the small-worldness of the 

intervention group remained relatively stable, while 

the small-worldness of the control group decreased 

significantly. This could imply that the BCI-based 

training helped maintain or preserve the brain's 

network structure in the intervention group.  
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Although BCI-based therapy appears promising, it's 

important to recognize that responses to the training 

are highly individualized, with some children 

benefiting more than others. All studies reviewed 

provided a structured training environment, raising 

the possibility that positive responses might be due 

to the structured setting rather than the BCI system 

itself. For example, Lim et al. (2019) noted that even 

the untreated control group showed reduced 

inattentive symptoms, a phenomenon referred to as 

the "halo effect." The single arm meta-analysis done 

for this review could not account for this effect as 

only pre- and postinterventional scores were 

compared and there was no control for comparison. 

These limitations, along with the overall high risk of 

bias of included studies, cast doubt on the 

generalizability of current findings. Future research 

should aim to more accurately evaluate the 

effectiveness of BCI-based therapy and develop 

models that integrate both inattention and learning 

disabilities into a single interface. More controlled 

trials that either compare this therapy to placebo or 

other therapies used for ADHD are also needed. 

Additionally, employing both active and passive BCI 

techniques could enhance training and maintain 

effectiveness. 

 

Conclusion 
 

Interventions involving BCI-based games help 

control the inattentive and hyperactive-impulsive 

symptoms of ADHD. They are also associated with 

behavior improvement, especially in regard to 

internalizing problems. Some evidence also 

suggests a beneficial role in managing learning 

disability, especially reading problems, in ADHD 

patients. Although these results are promising, 

future research should focus on simultaneously 

addressing inattention and learning disability in 

games in order to develop a more holistic BCI-based 

intervention for ADHD. 
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Appendix A 
 

Table 1A 
Search Strategy of All Sources. (No Specific Search Strategy Was Used for ScienceDirect.) 
Source Search Strategy 
PubMed (“Attention Deficit Disorder with Hyperactivity”[Mesh] OR ADHD OR ADDH OR “Attention Deficit 

Disorders with Hyperactivity” OR “Attention Deficit Hyperactivity Disorders” OR “Attention Deficit 
Hyperactivity Disorder” OR “Attention Deficit-Hyperactivity Disorder” OR “Attention Deficit-Hyperactivity 
Disorders” OR “Deficit-Hyperactivity Disorder, Attention” OR “Deficit-Hyperactivity Disorders, Attention” 
OR “Disorder, Attention Deficit-Hyperactivity” OR “Disorders, Attention Deficit-Hyperactivity” OR 
“Hyperkinetic Syndrome” OR “Syndromes, Hyperkinetic” OR “Attention Deficit Disorder” OR “Attention 
Deficit Disorders” OR “Deficit Disorder, Attention” OR “Deficit Disorders, Attention” OR “Disorder, 
Attention Deficit” OR “Disorders, Attention Deficit” OR “Brain Dysfunction, Minimal” OR “Dysfunction, 
Minimal Brain” OR “Minimal Brain Dysfunction”) AND (“Brain-Computer Interfaces”[Mesh] OR “Brain 
Computer Interfaces” OR “Interface, Brain-Computer” OR “Interfaces, Brain-Computer” OR “Brain-
Computer Interface” OR “Brain Computer Interface” OR “Brain-Machine Interfaces” OR “Brain-Machine 
Interface” OR “Interface, Brain-Machine” OR “Interfaces, Brain-Machine” OR “Brain Machine Interface” 
OR “Brain Machine Interfaces” OR “Interface, Brain Machine” OR “Interfaces, Brain Machine” OR 
“Machine Interface, Brain” OR “Machine Interfaces, Brain” OR “attention training system” OR “attention 
training facility”) 
 

Cochrane 
CENTRAL 

(“Attention Deficit Disorder with Hyperactivity” OR ADHD OR ADDH OR “Attention Deficit Disorders 
with Hyperactivity” OR “Attention Deficit Hyperactivity Disorders” OR “Attention Deficit Hyperactivity 
Disorder” OR “Attention Deficit-Hyperactivity Disorder” OR “Attention Deficit-Hyperactivity Disorders” 
OR “Deficit-Hyperactivity Disorder, Attention” OR “Deficit-Hyperactivity Disorders, Attention” OR 
“Disorder, Attention Deficit-Hyperactivity” OR “Disorders, Attention Deficit-Hyperactivity” OR 
“Hyperkinetic Syndrome” OR “Syndromes, Hyperkinetic” OR “Attention Deficit Disorder” OR “Attention 
Deficit Disorders” OR “Deficit Disorder, Attention” OR “Deficit Disorders, Attention” OR “Disorder, 
Attention Deficit” OR “Disorders, Attention Deficit” OR “Brain Dysfunction, Minimal” OR “Dysfunction, 
Minimal Brain” OR “Minimal Brain Dysfunction”) AND (“Brain-Computer Interfaces” OR “Brain Computer 
Interfaces” OR “Interface, Brain-Computer” OR “Interfaces, Brain-Computer” OR “Brain-Computer 
Interface” OR “Brain Computer Interface” OR “Brain-Machine Interfaces” OR “Brain-Machine Interface” 
OR “Interface, Brain-Machine” OR “Interfaces, Brain-Machine” OR “Brain Machine Interface” OR “Brain 
Machine Interfaces” OR “Interface, Brain Machine” OR “Interfaces, Brain Machine” OR “Machine 
Interface, Brain” OR “Machine Interfaces, Brain” OR “attention training system” OR “attention training 
facility”) 
 

IEEE Xplore (“Attention Deficit Disorder with Hyperactivity” OR ADHD OR ADDH OR “Attention Deficit Disorders 
with Hyperactivity” OR “Attention Deficit Hyperactivity Disorders” OR “Attention Deficit Hyperactivity 
Disorder” OR “Attention Deficit-Hyperactivity Disorder” OR “Attention Deficit-Hyperactivity Disorders” 
OR “Deficit-Hyperactivity Disorder, Attention” OR “Deficit-Hyperactivity Disorders, Attention” OR 
“Disorder, Attention Deficit-Hyperactivity” OR “Disorders, Attention Deficit-Hyperactivity” OR 
“Hyperkinetic Syndrome” OR “Syndromes, Hyperkinetic” OR “Attention Deficit Disorder” OR “Attention 
Deficit Disorders” OR “Deficit Disorder, Attention” OR “Deficit Disorders, Attention” OR “Disorder, 
Attention Deficit” OR “Disorders, Attention Deficit” OR “Brain Dysfunction, Minimal” OR “Dysfunction, 
Minimal Brain” OR “Minimal Brain Dysfunction”) AND (“Brain-Computer Interfaces” OR “Brain Computer 
Interfaces” OR “Interface, Brain-Computer” OR “Interfaces, Brain-Computer” OR “Brain-Computer 
Interface” OR “Brain Computer Interface” OR “Brain-Machine Interfaces” OR “Brain-Machine Interface” 
OR “Interface, Brain-Machine” OR “Interfaces, Brain-Machine” OR “Brain Machine Interface” OR “Brain 
Machine Interfaces” OR “Interface, Brain Machine” OR “Interfaces, Brain Machine” OR “Machine 
Interface, Brain” OR “Machine Interfaces, Brain” OR “attention training system” OR “attention training 
facility”) 
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Table 1A 
Search Strategy of All Sources. (No Specific Search Strategy Was Used for ScienceDirect.) 
Source Search Strategy 
ClinicalTrials.gov Condition or Disease: “Attention Deficit Disorder with Hyperactivity” OR ADHD OR ADDH OR “Attention 

Deficit Disorders with Hyperactivity” OR “Attention Deficit Hyperactivity Disorders” OR “Attention Deficit 
Hyperactivity Disorder” OR “Attention Deficit-Hyperactivity Disorder” OR “Attention Deficit-Hyperactivity 
Disorders” OR “Deficit-Hyperactivity Disorder, Attention” OR “Deficit-Hyperactivity Disorders, Attention” 
OR “Disorder, Attention Deficit-Hyperactivity” OR “Disorders, Attention Deficit-Hyperactivity” OR 
“Hyperkinetic Syndrome” OR “Syndromes, Hyperkinetic” OR “Attention Deficit Disorder” OR “Attention 
Deficit Disorders” OR “Deficit Disorder, Attention” OR “Deficit Disorders, Attention” OR “Disorder, 
Attention Deficit” OR “Disorders, Attention Deficit” OR “Brain Dysfunction, Minimal” OR “Dysfunction, 
Minimal Brain” OR “Minimal Brain Dysfunction” 
Intervention or Treatment: “Brain-Computer Interfaces” OR “Brain Computer Interfaces” OR “Interface, 
Brain-Computer” OR “Interfaces, Brain-Computer” OR “Brain-Computer Interface” OR “Brain Computer 
Interface” OR “Brain-Machine Interfaces” OR “Brain-Machine Interface” OR “Interface, Brain-Machine” 
OR “Interfaces, Brain-Machine” OR “Brain Machine Interface” OR “Brain Machine Interfaces” OR 
“Interface, Brain Machine” OR “Interfaces, Brain Machine” OR “Machine Interface, Brain” OR “Machine 
Interfaces, Brain” OR “attention training system” OR “attention training facility” 
 

WHO ICTRP Condition: “Attention Deficit Disorder with Hyperactivity” OR ADHD OR ADDH OR “Attention Deficit 
Disorders with Hyperactivity” OR “Attention Deficit Hyperactivity Disorders” OR “Attention Deficit 
Hyperactivity Disorder” OR “Attention Deficit-Hyperactivity Disorder” OR “Attention Deficit-Hyperactivity 
Disorders” OR “Deficit-Hyperactivity Disorder, Attention” OR “Deficit-Hyperactivity Disorders, Attention” 
OR “Disorder, Attention Deficit-Hyperactivity” OR “Disorders, Attention Deficit-Hyperactivity” OR 
“Hyperkinetic Syndrome” OR “Syndromes, Hyperkinetic” OR “Attention Deficit Disorder” OR “Attention 
Deficit Disorders” OR “Deficit Disorder, Attention” OR “Deficit Disorders, Attention” OR “Disorder, 
Attention Deficit” OR “Disorders, Attention Deficit” OR “Brain Dysfunction, Minimal” OR “Dysfunction, 
Minimal Brain” OR “Minimal Brain Dysfunction” 
 
Intervention: “Brain-Computer Interfaces” OR “Brain Computer Interfaces” OR “Interface, Brain-
Computer” OR “Interfaces, Brain-Computer” OR “Brain-Computer Interface” OR “Brain Computer 
Interface” OR “Brain-Machine Interfaces” OR “Brain-Machine Interface” OR “Interface, Brain-Machine” 
OR “Interfaces, Brain-Machine” OR “Brain Machine Interface” OR “Brain Machine Interfaces” OR 
“Interface, Brain Machine” OR “Interfaces, Brain Machine” OR “Machine Interface, Brain” OR “Machine 
Interfaces, Brain” OR “attention training system” OR “attention training facility” 
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Table 2A 
Studies Excluded in Secondary Screening 

Excluded Study Reason for exclusion 

Zhang 2021  Healthy participants only 

Gonzales 2022  One healthy volunteer only 

Ali 2015  Healthy participants only 

Rohani 2014  Healthy participants only 

Arpaia 2020  No gaming system 

Pires 2011  Healthy participants only 

Oliveira-Junior 2020 No gaming system and healthy participants only 

Usman 2021  Healthy participants only 

Khong 2014  Healthy participants only 

Bach-Morrow 2022  No gaming system 

Teo 2021  Participants taking concomitant medication 

Sagiadinou 2020  BCI technology developed but not tested on subjects 

Arvaneh 2019  Healthy participants only 

Khan 2021  Healthy participants only 

Reddy 2020  BCI technology developed but not tested on subjects 
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Table 3A 
Characteristics of the Eleven Included Studies 
Study ID Study design Type of 

diagnosed 
ADHD 

Eligibility Criteria Duration of 
training 

Efficacy measures 
reported 

Blandón et 
al. (2016)  

Single-arm trial N/A Children clinically diagnosed with 
ADHD 

Two 
sessions 
only 

Time spent to 
complete the task 
and game-oriented 
tasks 
 

Georgiou 
et al. 
(2019)  
 

Single-arm trial  1) ADHD diagnosis and no previous 
treatment: participants should 
preferably have a new diagnosis 
according to the DSM IV-TR or DSM-5 
during the previous 3 months before 
joining the study; 2) Additionally, 
participants should preferably not have 
taken any type of drug approved for 
the treatment of ADHD before starting 
the study; 3) Participants’ age range 
will be between 8 and 15 years old, 
and will also depend on the age 
limitations of the AR equipment that 
will be used for the MMR game; 4) IQ 
range: participants must have an 
average IQ range; 5) No other deficits 
and disorders: participants will show no 
presence of neurological deficit, 
neurodevelopmental disorder, and will 
not have a comorbid diagnosis (e.g., 
autism spectrum disorder, depression, 
bipolar disorder) 
 

- Attention levels,  
theta-to-beta ratio 
(TBF) 

Johnstone 
et al. 
(2017)  

RCT 
(intervention-
control) 

Subclinical, 
inattentive 
and 
hyperactive 
type 
 

1) Diagnosed based on DSM-IV criteria 
or scored in the borderline range on 
Conners 3-P scale; 2) No known 
history of epilepsy, periods of 
unconsciousness or serious head 
injuries; 3) No known psychological 
disorder; and 4) Have never displayed 
lower than expected academic abilities 
on WAIT-II scale 
 

6-8 weeks ADHD-RS scores 
(modified),  
CBCL (multiple) 

Lim et al. 
(2010) 

Control-
matched 
single-arm trial 

Inattentive 
and 
combined 
type 

1) No previous pharmacological 
treatment; 2) No comorbid psychiatric 
condition/known sensorineural deficit; 
3) No history of seizures; 4) No known 
mental retardation sign (IQ > 70) 
 

10 weeks ADHD-RS scores  
(both IA and HI) 

Lim et al. 
(2012)  

Single-arm trial Inattentive 
and 
combined 
type 

1) No previous pharmacological 
treatment; 2) Could satisfy DSM-IV-TR 
criteria; 3) No known sensorineural 
deficit or history of epilepsy; 4) IQ > 70 

5 months 
(first 8 weeks 
one session 
per week, 
followed one 
session per 
month for 3 
months) 
 

ADHD-RS scores  
(both IA and HI) 
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Table 3A 
Characteristics of the Eleven Included Studies 
Study ID Study design Type of 

diagnosed 
ADHD 

Eligibility Criteria Duration of 
training 

Efficacy measures 
reported 

Lim et al. 
(2019)  

RCT 
(intervention-
control) 

Inattentive 
and 
combined 
type 

1) Diagnosed based on DSM-IV TR 
criteria; 2) Children previously 
receiving pharmacotherapy had to 
undergo a washout period of at least 4 
weeks; 3) No known intellectual 
disability, epilepsy and severe 
sensorineural deficits or coexisting 
psychiatric disorder 

5 months 
(first 8 weeks 
1 session per 
week, 
followed 1 
session per 
month for 3 
months) 
 

ADHD-RS scores  
(only IA), CGAS, 
CGI-S, and CBCL 
score  
(both internalizing 
and externalizing 
problems) 

Lim et al. 
(2023)  

RCT 
(Comparative) 

Inattentive 
and 
combined 
type 

1) Diagnosed by DSM-IV or DSM-5, 
inattentive or combined subtype; 2) no 
learning disability; 3) No previous 
pharmacological treatment (washout 
period of 1 month for meds, 3 months 
for supplements); 4) No psychiatric 
illness and IQ > 70 
 

8 weeks ADHD-RS scores  
(both IA and HI), 
CGAS, CGI-S, and 
CBCL score 
(attention, 
internalizing and 
externalizing, total 
and ADH problems), 

Liu et al. 
(2013) 
 

Single-arm trial N/A 1) IQ > 80; 2) ADHD diagnosed by 
child psychiatrist; 3) Not taking 
concomitant stimulant medication; 4) 
No children with brain injury or 
comorbidity such as ASD and epilepsy 
 

10 weeks Scores of IVA-CTP 

Park et al. 
(2019)  

Single-arm trial N/A 1) Diagnosed with ADHD, were 
receiving counselling at the time of the 
study 

5 weeks KNISE-BAAT score, 
general reading and 
comprehension 
questionnaires 
 

Qian et al. 
(2018)  

RCT 
(intervention-
control) 

Inattentive 
and 
combined 
type 

1) Diagnosed based on DSM-IV 
criteria; 2) 1-month washout period for 
children previously on 
pharmacotherapy; 3) No known history 
of epilepsy and intellectual disability 
(IQ < 70) 
 

8 weeks  ADHD-RS scores  
(only IA), CBCL 
(internalizing 
problems) 

Yan et al. 
(2008)  

Single-arm trial N/A Clinically diagnosed with ADHD 10 weeks Scores of IVA-CTP 
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Table 4A 
Inattention (IA), Hyperactive-Impulsivity (HI), and Modified Scores Reported in the Included Studies 
Study ID Assessor ADHD-

RS type 
Time of 
assessment 

Intervention group Control group 

Mean (SD) Mean 
Difference 
(SD) 

Mean (SD) Mean 
Difference (SD) 

Johnstone et 
al. (2017) 

Parents Modified 
total 
(score 
range of 
up to 72) 

Baseline 
At week 8 
 

40.6 (5.9) 
28.6 (5.8) 

N/A 40.6 (1.37) 
38.1 (1.19) 

N/A 

Teachers Modified 
total 
(score 
range of 
up to 72) 

Baseline 
At week 8 
 

26.27 (4.08) 
18.03 (3.89) 
 

N/A 26.2 (0.54) 
27.1 (0.54) 

N/A 

Lim et al. 
(2010) 
 

Teachers IA score Baseline 
At week 5 
At week 10  

16.6 (9.7)  
14.0 (8.3) 
10.6 (9.0)  

 
 
Baseline/week 10 
= −6.0 (5.9) 

12.3 (3.6) 
13.2 (4.3) 
11.5 (4.8) 

 
 
Baseline/week 10 
= −0.8 (5.6) 

HI score  Baseline 
At week 5 
At week 10 

16.8 (9.3) 
14.6 (7.7) 
11.2 (7.3) 

 
 
Baseline/week 10 
= −5.6 (2.2) 

15.0 (6.1) 
13.8 (6.4) 
10.5 (4.8) 

 
 
Baseline/week 10 
= −4.5 (7.6) 

Parent IA score Baseline 
At week 5 
At week 10  

18.0 (6.1) 
17.8 (6.0) 
15.0 (5.9) 

 
 
Baseline/week 10 
= −3.0 (4.8) 

17.9 (5.7) 
18.4 (6.0) 
18.6 (5.7) 

 
 
Baseline/week 10 
= 0.8 (1.3) 

HI score Baseline 
At week 5 
At week 10 

14.9 (5.6) 
14.1 (5.7) 
11.4 (4.6) 

 
 
Baseline/week 10 
= −3.5 (4.5) 

17.6 (5.0) 
16.5 (5.1) 
15.6 (5.7) 

 
 
Baseline/week 10 
= −1.0 (1.7) 

Lim et al. 
(2012) 

Parents 
 

IA score Baseline 
At week 8 
 
 
At week 20 
 
At week 24  

17.7 (5.0) 
13.1 (5.0) 
 
 
13.6 (4.5) 
 
12.6 (3.4) 

 
Baseline/week 8 
= −4.6 (5.9,  
P = .003) 
 
 
Baseline/week 24 
= −5.0 (5.8,  
P < .01) 

  

HI score Baseline 
At week 8 
 
 
At week 20 
At week 24 

15.6 (3.9) 
10.9 (4.4) 
 
 
10.2 (5.1) 
10.5 (4.3) 

 
Baseline/week 8 
= −4.7 (5.6,  
P = .002) 
 
Baseline/week 24 
= −5.7 (5.1,  
P < .01) 

  

        

http://www.neuroregulation.org/


Raza et al. NeuroRegulation  

 

77 | www.neuroregulation.org Vol. 12(1):51–78  2025 doi:10.15540/nr.12.1.51 
 

Table 4A 
Inattention (IA), Hyperactive-Impulsivity (HI), and Modified Scores Reported in the Included Studies 
Study ID Assessor ADHD-

RS type 
Time of 
assessment 

Intervention group Control group 

Mean (SD) Mean 
Difference 
(SD) 

Mean (SD) Mean 
Difference (SD) 

Lim et al. 
(2019) 

Clinician IA score Baseline 
At week 8 

18.9 (4.25) 
15.5 (4.48) 

 
Baseline/ week 8 
= −3.5 (3.87) 

18.6 (4.38) 
16.7 (5.14) 

 
Baseline/ week 8  
= 1.9 (4.42) 

At week 20 15.6 (5.26) Baseline/ week 
20 = −3.3 (5.55) 

  

At week 24 15.6 (5.26) Baseline/ week 
24 = −4.7 (5.94) 

  

Parents IA score Baseline 
At week 8 

18.9 (4.84) 
N/A 

 
Baseline/ week 8 
= −4.0 (4.80) 

18.6 (4.24)  
Baseline/ week 8  
= −1.8 (4.21) 

At week 20 N/A Baseline/ week 
20 = -4.1 (5.59) 

  

At week 24 N/A Baseline/ week 
24 = -5.3 (6.17) 

  

Lim et al. 
(2023) 
[The 
intervention is 
clinic and the 
control is 
home] 

Clinician IA score Baseline 
At week 8 

16.1 (5.69) 
14.0 (6.30) 

 
Baseline/week 8 
= 3.9 (5.09) 

17.9 (5.61) 
14.7 (4.97) 
 

 
Baseline/ week 8  
= 3.2 (6.20) 

HI score Baseline 
At week 8 

10.9 (8.16) 
10.3 (5.02) 

 
Baseline/week 8 
= 2.5 (4.34) 

12.5 (5.72) 
11.2 (6.23) 

 
Baseline/ week 8  
= 1.3(4.17) 

Parents IA score Baseline 
At week 8 

15.9 (6.97) 
14.1 (6.31) 

 
Baseline/week 8 
= 1.8 (4.39) 

17.7 (4.32) 
14.7 (4.97) 

 
Baseline/ week 8  
= 3.0 (4.24) 

HI score Baseline 
At week 8 

11.8 (8.44) 
9.7 (5.29) 
 

 
Baseline/week 8 
= 2.1 (4.15) 

12.2 (5.37) 
11.4 (6.26) 
 

 
Baseline/ week 8  
= 0.8 (3.74) 

Qian et al. 
(2018) 

Parents IA score Baseline 
At week 8 

16.27 (4.25) 
13.16 (4.07) 

 18.9 (5.18) 
17.2 (5.76) 

 

 

 

Table 5A 
Pre- and Postinterventional RCQ and AQ Scores Reported by Two Studies 

Study 
ID Time point 

RCQ AQ 

Overall Auditory Visual Overall Auditory Visual 

M SD M SD M SD M SD M SD M SD 

Yan et 
al. 
(2008) 

Pretreatment 84.29 14.291 85.143 15.082 87.143 19.777 71.143 15.279 79.286 16.799 68.857 19.786 

Posttreatment 95.857 9.685 97.286 10.095 94.571 13.636 93.429 12.012 96.572 16.257 90.857 11.098 

Liu et 
al. 
(2013) 

Pretreatment 83.216 16.172 86.357 17.372 83.929 17.394 70.572 16.928 74.571 18.364 72.143 21.746 

Posttreatment 97.286 6.900 98.571 7.208 96.714 10.179 94.071 8.325 91.857 9.114 95.143 11.408 
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Table 6A 
Assessment of Risk of Bias of Nonrandomized Studies Using MINORS. Each Criterion Can Receive a Score of 0, 
1, or 2. N/A Shows That the Criterion Was Not Applicable to That Study Because It Was Noncomparative. 

Study 

General Criteria Specific Criteria for 
Comparative Studies 

Overall A
im

 

C
onsecutive P

atients 

P
rospective D

ata 
C

ollection 

A
ppropriate E

ndpoints 

U
nbiased A

ssessm
ent 

A
ppropriate Follow

- up 

Loss to Follow
-up  

S
tudy S

ize C
alculation  

A
dequate C

ontrol 
G

roup  

C
ontem

porary G
roups 

B
aseline E

quivalence 

A
dequate S

tatistics 

Lim et al. 
(2010) 2 2 2 2 1 2 0 2 1 2 1 2 19 

Lim et al. 
(2012) 2 2 2 2 0 2 2 0 N/A N/A N/A N/A 12 

Blandón et 
al. (2016) 2 0 2 1 0 0 2 0 N/A N/A N/A N/A 7 

Park et al. 
(2019) 2 2 2 1 0 2 2 0 N/A N/A N/A N/A 11 

Georgiou et 
al. (2019) 2 1 2 2 0 2 1 1 N/A N/A N/A N/A 11 

Yan et al. 
(2008) 2 1 2 2 0 2 2 0 N/A N/A N/A N/A 11 

Liu et al. 
(2013) 2 0 2 1 0 2 0 0 N/A N/A N/A N/A 7 
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Effectiveness of HRV Biofeedback in Decreasing Anger 
Among Adolescents With Autism Spectrum Disorder  
Heidi Hillman 
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Abstract  
This study investigates the use of heart rate variability (HRV) biofeedback to manage anger in autistic 
adolescents. Anger, a natural but potentially maladaptive response to stress, is particularly prevalent among 
adolescents and is compounded for those on the autism spectrum due to difficulties with sensory processing and 
communication. Previous research suggests that biofeedback is a promising tool for managing anger. This study 
examines the effects of HRV biofeedback, both alone and in combination with de-escalation techniques, on 
reducing anger frequency and intensity among three autistic adolescents. Results show a significant decrease in 
both anger episodes and intensity during the HRV biofeedback condition, with further reductions observed when 
de-escalation strategies were added. These improvements were maintained during a 6-month follow-up, 
indicating the potential for long-term benefits. The study suggests that HRV biofeedback, especially when paired 
with cognitive-behavioral strategies, may offer an effective, noninvasive, and sustainable approach to anger 
management for autistic adolescents. 
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Anger is a natural human emotion that serves as an 
adaptive response to perceived threats (Fessler, 
2010). While anger can motivate individuals to act, 
its expression often conflicts with societal norms that 
discourage displays of anger (Dearing et al., 2002). 
Chronically suppressed anger can become 
maladaptive when it culminates in aggressive 
outbursts, violent behavior, or destructive acts 
(Levey & Howells, 1990; Maiuro et al., 1988). Given 
the potential social, psychological, and physical 
consequences of poorly managed anger, it is crucial 
to understand and address anger as a distinct 
behavioral concern. 
 
Adolescence is a developmental stage when anger 
may become particularly pronounced due to the 
concurrent physical, cognitive, and social changes 
that characterize this life phase (Wilde, 1995). As 
adolescents navigate the challenges of increased 
autonomy, hormonal fluctuations, and shifting 
parent-child relationships, some may struggle with 

intensified negative emotions and anger (Steinberg 
& Morris, 2001). Within the adolescent population, 
those on the autism spectrum may face unique 
challenges in managing anger. Challenges with 
sensory integration and communication can 
contribute to more frequent or intense anger 
experiences among autistic youth compared to their 
neurotypical peers (Quetsch et al., 2023). For 
example, Quetsch et al. (2023) found that upwards 
of 50% of autistic adolescents exhibited aggressive 
behaviors often linked to anger dysregulation. 
Another study discovered that autistic adolescents 
self-reported higher levels of repetitive dwelling on 
angry thoughts (Patel et al., 2016). Therefore, it is 
essential to develop targeted interventions that 
address the specific anger management needs of 
autistic adolescents. 
 
Existing treatments for adolescent anger often 
encompass medication and treatments that rely on 
identifying antecedents to anger episodes—such as 
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de-escalation techniques, anger episode recognition 
skills, and social support. However, many 
adolescents prone to anger outbursts frequently 
struggle to identify the precursors to their anger 
escalation (Mostofsky et al., 2013). Biofeedback 
training may offer a promising adjunctive therapy for 
teaching adolescents to recognize anger 
antecedents. Biofeedback involves using equipment 
to provide individuals with real-time physiological 
feedback aimed at increasing self-awareness and 
promoting voluntary control over bodily responses 
for improved health and performance (e.g., Lehrer et 
al., 2000; Lin et al., 2023). Over the years, research 
has demonstrated biofeedback's efficacy across 
over 40 health conditions, including anxiety, ADHD, 
headaches, insomnia, and chronic pain (Frank et al., 
2010). 
 
Autistic adolescents with frequent anger episodes 
may particularly benefit from learning to use 
biofeedback to identify their anger triggers. One 
potential physiological marker of anger arousal is 
heart rate variability (HRV), which reflects the body's 
stress response. HRV biofeedback involves teaching 
individuals to modify their breathing patterns to 
influence HRV and promote relaxation, similar to the 
principles of mindfulness meditation (Ratajczak et 
al., 2021). While several studies have explored the 
use of biofeedback for emotional regulation in 
adolescents, none have specifically evaluated HRV 
biofeedback for anger management in autistic 
adolescents. One study with adults found that short-
term HRV biofeedback increased HRV and reduced 
anger, suggesting that HRV may be an index of 
anger regulation (Francis et al., 2015). However, the 
long-term anger management benefits of HRV 
biofeedback remain unknown and warrant further 
investigation. 
 
The increasing availability of affordable and user-
friendly biofeedback devices that track HRV 
presents opportunities to make this intervention 
more accessible. However, the literature lacks 
studies examining the application of HRV 
biofeedback for anger management in autistic 
adolescents. The current study aims to address this 
gap by evaluating the effectiveness of HRV 
biofeedback in reducing anger episodes among 
three autistic adolescents. By acknowledging the 
unique experiences of autistic individuals and 
implementing tailored support strategies, we can 
enhance the anger management skills and resilience 
of this population. 
 

A Note About Semantics 
Identity-first language such as “autistic individuals” 
rather than person-centered language is used in this 
article. When communicating about disabilities, it is 
important to consider how those with the disability 
refer to themselves, as semantics is significant. 
Many individuals in the autism community prefer 
identity-first language because we view autism as a 
central and inseparable part of our identity (Ryan, 
2019). 
 

Methods 
 
Participants 
Participants were three adolescents who wanted to 
learn how to manage their anger, recruited from a 
mental health clinic that provided counseling 
services. All participants had (a) an autism spectrum 
disorder (ASD) diagnosis, (b) a demonstrated history 
of anger-related behaviors (e.g., yelling, losing 
temper, arguing) that interfered with daily 
functioning, and (c) were willing to visit the clinic 
weekly. A university Internal Review Board (IRB) 
from the respective university approved the study; 
participant and parental consent were obtained prior 
to starting, and participants were assigned an 
identification number to maintain confidentiality. 
 
Participant 1, an only child, was a 16-year-old male 
diagnosed with ASD at 6 years of age. He reported 
challenges controlling his sporadic, daily anger 
outbursts, which he described as explosive. At the 
time of the study, he was in the 11th grade and lived 
with his father.  
 
Participant 2, an 18-year-old male and the youngest 
of two children, was diagnosed with ASD at the age 
of 5. He reported experiencing anger episodes daily, 
and it negatively interfered with him forming and 
maintaining relationships with others. Participant 2 
reported the smallest annoyances would make him 
angry, and his anger consisted of swearing and 
yelling. At the time of the study, he was in the 12th 
grade and lived at home with his parents and 
siblings.  
 
Participant 3, a 13-year-old male diagnosed with 
ASD at the age of 4, was in the 7th grade and lived 
with his mother and twin sibling. Participant 3’s 
mother reported him exhibiting anger outbursts and 
yelling at both her and his brother numerous times 
daily with little warning. Participant 3 reported he 
liked to tell others what to do and became angry 
when he did not get his way. At home he physically 
pushed others, yelled at his mom and brother, and 
slammed doors. At school he was suspended four 
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times for pushing and swearing at students and 
teachers. 
 
Setting and Measures 
All biofeedback sessions were conducted in a 
private office at a counseling clinic. A HeartMath 
emWave2 portable unit was used during the study to 
measure HRV through an electrode attached to an 
ear using an ear clip. 
 
Design and Procedure 
The study used multiple baseline across 
participants, consisting of baseline, HRV 
biofeedback condition, HRV biofeedback plus de-
escalation techniques condition, and a 6-month 
follow-up. After baseline, participants completed  
15-min HRV biofeedback sessions twice weekly 
across 4 weeks, followed by 15-min HRV 
biofeedback sessions along with 10 min of practicing 
de-escalation techniques twice weekly across  
4 weeks, followed by monthly follow-up probes for  
6 months.  
 
During baseline, participants recorded the number of 
daily anger episodes and the intensity of each 
episode on a recording form (see Figure 1); no 
interventions were implemented. Prior to starting the 
HRV biofeedback condition, participants were shown 
how to use the emWave2 unit—to change the light 
from red to green—and practiced breathing while 
connected to the emWave2 unit. 
 

During the HRV biofeedback condition, participants 
completed a 15-min HRV session, twice a week 
across 4 weeks, in a private clinic room. For each 
session, the researcher assisted participants with 
connecting to the emWave2 unit, then left the room 
while participants independently completed the HRV 
session. During the HRV biofeedback plus de-
escalation condition, participants completed a HRV 
session followed by practicing de-escalation 
techniques with the researcher. During the first HRV 
plus de-escalation techniques session, participants 
were taught a four-step de-escalation strategy to use 
daily whenever they began feeling angry. The four 
steps were to (1) breathe in slowly for four counts 
and exhale for four counts, (2) say “I am feeling 
angry at the moment, and that is okay,” (3) imagine 
being at your happy place (e.g., skateboarding with 
a friend, with your dog, at home), and (4) slowly walk 
away from the situation to another place (e.g., 
around the school, outside, for a walk or 
skateboarding). 
 
During the follow-up phase, participants were 
provided with an emWave2 unit for home use, 
allowing them to use it at their own discretion rather 
than following a prescribed frequency. They were 
instructed to record episodes of anger and their 
associated intensity using the designated tracking 
form, as well as to note the frequency of emWave2 
usage each week. At the start of each month, 
participants met with the researcher to submit their 
completed forms for review. 

 
 
Figure 1. Participant Daily Monitoring Form. 
 
Participant Daily Monitoring Form 
ID Number:______________________________  Today’s Date: ______________________ 
Directions: Find correct time and circle the intensity of your emotion  
 
(1-5, with 1 being calm and 5 being really angry).  
Time of anger episode: __________________     Rating of your emotion: 1  2  3  4  5  
Time of anger episode: __________________     Rating of your emotion: 1  2  3  4  5  
Time of anger episode: __________________     Rating of your emotion: 1  2  3  4  5  
Time of anger episode: __________________     Rating of your emotion: 1  2  3  4  5  
Time of anger episode: __________________     Rating of your emotion: 1  2  3  4  5  
Time of anger episode: __________________     Rating of your emotion: 1  2  3  4  5 
Time of anger episode: __________________     Rating of your emotion: 1  2  3  4  5  
Time of anger episode: __________________     Rating of your emotion: 1  2  3  4  5  
Time of anger episode: __________________     Rating of your emotion: 1  2  3  4  5  
Time of anger episode: __________________     Rating of your emotion: 1  2  3  4  5 
Time of anger episode: __________________     Rating of your emotion: 1  2  3  4  5  
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Results 
 
All participants experienced a decrease in anger 
episodes during the HRV biofeedback condition. A 
de-escalation component was added to the HRV 
biofeedback to evaluate whether participants’ anger 
would reduce further. All participants experienced a 
further decrease in anger episodes during the HRV 

biofeedback plus de-escalation condition (see Figure 
2). During the HRV biofeedback condition, 
Participant 1 experienced an average of 6.3 anger 
episodes per day, a decrease from an average of 
7.6 daily anger episodes during baseline. His anger 
episodes further decreased to an average of 3.2 
anger episodes daily after the HRV biofeedback plus 
de-escalation condition was implemented. 

 
 

Figure 2. Weekly Anger Episodes (Left Y Axis) and Anger Intensity (Right Y Axis) Across Participants. 

 
 
Participant 2 experienced an average of 5.7 anger 
episodes per day during the HRV biofeedback 
condition, a decrease from seven daily anger 
episodes during baseline. His anger episodes 
decreased further to an average of three daily 
episodes during the HRV biofeedback plus de-
escalation condition. 

Participant 3 experienced an average of 4.7 daily 
anger episodes during the HRV biofeedback 
condition, a slight decrease from baseline level of 
5.4 daily anger episodes. His anger episodes 
decreased even further, to an average of 2.5 daily 
angry episodes, during the HRV biofeedback plus 
de-escalation condition. Anger episodes for all 
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participants decreased further and maintained at low 
rates during the follow-up condition. 
 
As the number of anger episodes decreased, so did 
the intensity of the participants’ anger (see Figure 2). 
Participant 1 reported his anger intensity, during 
baseline, was a 5 (mode = 5). He reported the 
intensity of his anger decreased to 4 (mode = 4) by 
the end of the HRV biofeedback condition and 
decreasing further to 2.5 (mode = 3) by the end of 
the HRV biofeedback plus de-escalation condition. 
 
Participant 2 reported the intensity of his anger 
during baseline was 4 (mode = 4). His reported 
anger intensity decreased to 3.75 (mode = 4) during 
the HRV biofeedback and decreased further to 2.8 
(mode = 3) during the HRV biofeedback plus de-
escalation condition. 
 
Participant 3 reported his anger intensity during 
baseline was 4.5 (mode = 4) and decreasing to 3 
(mode = 3) by the end of the HRV biofeedback 
condition and decreasing further to a 1.5 (mode split 
between 1 and 2) during the HRV biofeedback plus 
de-escalation condition. 
 
All participants reported their anger intensity 
remained at or below the levels observed during the 
intervention phase during the follow-up period. 
Furthermore, Participant 1 and Participant 2 
reported using the emWave2 device once per week, 
while Participant 3 reported using the device twice 
per week during the follow-up phase. 
 

Discussion 
 
The study demonstrated the effectiveness of HRV 
biofeedback, both alone and in conjunction with de-
escalation techniques, in reducing anger episodes 
among autistic adolescents. Even though 
participants’ anger episodes decreased during the 
HRV biofeedback condition, the researcher wanted 
to examine whether an addition of de-escalation 
techniques that participants used between 
biofeedback sessions would help further decrease 
the number of anger episodes. All participants 
exhibited a significant decrease in both the 
frequency and intensity of anger episodes, that 
sustained during the follow-up probes. The results 
suggest that HRV biofeedback, particularly when 
paired with de-escalation strategies, could be a 
valuable tool in managing anger among this 
population. 
 
One reason for the decreased intensity of anger 
among participants may be related to the roles of the 

amygdala and cortisol in the anger response. The 
amygdala triggers the initial anger response, leading 
to increased cortisol levels that help manage stress. 
Cortisol levels peak shortly after anger onset and 
generally return to baseline within a few hours. If 
anger occurs again before cortisol levels normalize, 
the heightened state of arousal and increased 
sensitivity can lead to more intense anger episodes, 
since high cortisol amplifies perceptions of threats 
and makes emotional regulation more difficult, 
contributing to sustained anger. As participants 
experienced fewer anger episodes, it is likely their 
cortisol levels were lower, reducing their sensitivity 
to triggers that previously caused more intense 
anger episodes. 
 
The current study adds to the biofeedback literature 
by (a) evaluating the effectiveness of HRV 
biofeedback on anger regulation among 
adolescents, (b) comparing the effectiveness of HRV 
biofeedback with and without de-escalation 
techniques, and (c) collecting follow-up data, which 
is limited in the HRV biofeedback literature. 
 
Strengths 
One of the strengths of this study was its focus on 
personalization and feasibility. The study was 
implemented in a real-world setting, utilizing a 
portable HRV device that participants operated 
independently, demonstrating the practicality of the 
intervention. This approach not only made the 
intervention more accessible but also demonstrated 
its practicality, allowing participants to integrate the 
practice into their daily lives. 
 
A second strength was the sustained impact 
observed during the follow-up probes. Unlike many 
biofeedback studies that did not collect follow-up 
data after the completion of the intervention (Hillman 
& Chapman, 2018) this study collected data after the 
intervention ended, showing a maintained reduction 
in anger episodes. Collecting data after the 
completion of the intervention is as important as 
collecting data during intervention implementation. 
The consistent reduction in anger episodes even 
after the intervention ended suggests that the 
benefits of HRV biofeedback, particularly when 
combined with de-escalation techniques, sustains 
beyond the immediate treatment phase. This 
highlights the potential for long-term effectiveness, 
offering a lasting solution for helping autistic 
adolescents manage their anger. 
 
Lastly, the study’s multifaceted approach is 
noteworthy. By integrating HRV biofeedback with 
de-escalation techniques, the intervention 
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addressed both the physiological and cognitive 
components of anger management. This 
comprehensive strategy likely contributed to the 
overall success of the intervention, as it not only 
helped participants regulate their physiological 
responses but also equipped them with practical 
skills to manage their anger in real-world situations. 
 
Limitations 
Even though the study has multiple strengths, it 
does have areas where future research could 
improve upon. One of the limitations of this study 
was the short follow-up condition. Even though the 
current study included 6 months of follow-up data, 
future studies should collect longer follow-up data. 
More research collecting follow-up data on the 
effectiveness of HRV biofeedback on anger 
management is needed to demonstrate not just the 
effectiveness of biofeedback but also the duration of 
the treatment gains. 
 
Second, since anger does not occur in one setting, 
success of a biofeedback intervention should be 
judged based on the ability of participants managing 
their anger in multiple settings. Unfortunately, the 
current study did not evaluate generalizability of the 
biofeedback intervention. More research collecting 
generalization data is needed to close the gap that 
exists between demonstrating HRV biofeedback 
effectively reduces anger in one setting and 
demonstrating the generalization of HRV 
biofeedback across multiple settings. 
 
A third limitation of this study was the small sample 
size of only three participants. This raises concerns 
about the generalizability of the findings to the 
broader population of autistic adolescents. While the 
results are promising, they cannot be confidently 
extended to a larger group without further research. 
Future studies utilizing biofeedback for anger 
management in autistic adolescents should aim to 
include larger sample sizes, allowing for a more 
comprehensive understanding of the intervention's 
efficacy and ensure that the results are 
representative of a more diverse population. 
 
Fourth, the study's reliance on self-reported 
measures for anger intensity introduces the 
possibility of bias. Participants may unintentionally 
overreport or underreport their anger levels due to 
subjective interpretations or the desire to present 
themselves in a favorable light. This could skew the 
data and impact the accuracy of the findings. 
Incorporating more objective measures of anger 
intensity, such as observational assessments or 
third-party reports, could help mitigate this bias and 

provide a more accurate reflection of the 
intervention's impact. 
 

Conclusion 
 
While more evidence is needed to support the 
effectiveness of HRV biofeedback on anger 
management among autistic adolescents, the 
preliminary data gathered in this study suggests that 
HRV biofeedback plus de-escalation is a promising 
tool autistic adolescents can use to manage their 
anger. Continued research on the effects of 
biofeedback on anger among autistic adolescents is 
highly recommended since it is less invasive, does 
not involve medications, and is potentially less 
expensive and more effective than other counseling 
or anger management alternatives (Frank et al., 
2010; Nordqvist, 2017). With both the frequency and 
intensity of anger among adolescents on the rise in 
today's society and given there is little published 
research in the area, further research studying the 
effectiveness of biofeedback on anger management 
of adolescents not only seems necessary but is also 
strongly encouraged. 
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