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This study investigates the efficacy of neurofeedback training in enhancing focus and 

attentional control among athletes in precision sports, examining both neural and 

behavioral outcomes. A pilot intervention was conducted with 30 competitive 

athletes (e.g., archers, shooters) who underwent 16 sessions of EEG-based 

neurofeedback targeting sensorimotor rhythm (SMR) or theta/beta ratio modulation. 

Pre- and post-training assessments included quantitative EEG analysis, standardized 

attention tests (e.g., TOVA), and self-reported focus metrics during simulated 

competition. A control group engaged in sham neurofeedback to account for placebo 

effects. Participants receiving active neurofeedback demonstrated significant 

improvements in SMR amplitude (p<0.05) and theta/beta ratio reduction (p<0.01), 

correlating with enhanced performance accuracy (15% increase, p<0.05) and faster 

reaction times. Subjective reports confirmed heightened concentration during high-

pressure tasks, whereas the control group showed no statistically meaningful 

changes. EEG coherence analysis revealed strengthened frontoparietal connectivity, 

suggesting neuroplastic adaptations underlying cognitive gains. Neurofeedback 

appears effective in sharpening attentional regulation for precision sports, though 

individual variability and the need for protocol optimization warrant further 

investigation. These preliminary findings support integrating neurofeedback into 

athletic training regimens while highlighting the necessity for larger randomized 

trials to establish standardized protocols. 

Keywords: neurofeedback, precision sports, attentional control, EEG, cognitive 

training 

1. Introduction 

recision sports, encompassing disciplines such as 

archery, shooting, golf, and other accuracy-dependent 

events, require athletes to maintain extraordinary levels of 

attentional control, fine motor coordination, and emotional 

regulation under conditions of intense pressure. Unlike team 

or endurance sports, where rapid decision-making and gross 

motor output dominate, precision sports place a premium on 

sustained concentration, micro-motor accuracy, and 

resistance to cognitive intrusions over extended periods of 

performance (1-3). Performance margins in these sports are 

often determined by minute variations in neural efficiency 

and perceptual-motor synchronization, where even subtle 

lapses in attentional stability can degrade results (4, 5). 

Contemporary sport neuroscience has identified distinct 
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electroencephalographic (EEG) patterns associated with 

optimal precision performance, including elevated 

sensorimotor rhythm (SMR) amplitudes, reduced frontal 

theta/beta ratios, and context-specific modulations of alpha 

power (6-9). These findings underscore the role of targeted 

cognitive training approaches capable of directly influencing 

these neurophysiological markers to optimize performance 

outcomes. 

Neurofeedback training (NFT) has emerged as a non-

invasive, operant conditioning-based technique that enables 

individuals to modulate specific brainwave frequencies 

through real-time feedback, thereby facilitating the 

attainment of performance-conducive neural states (10-12). 

By providing continuous auditory, visual, or multimodal 

cues linked to EEG activity, NFT encourages self-regulation 

of targeted neural oscillations, fostering functional 

connectivity changes that support attentional stability and 

motor precision (13-15). Neurofeedback’s utility in sport 

psychology is grounded in its capacity to transform implicit 

neurophysiological processes into explicit learning targets, 

accelerating the mastery of optimal mental states (16, 17). 

In elite sport contexts, NFT has been applied to enhance 

a range of psychological and physiological variables, 

including focus, stress regulation, visuospatial coordination, 

and emotional resilience (18-20). EEG-based studies have 

demonstrated that expert performers exhibit more efficient 

cortical activation patterns during motor preparation and 

execution phases than novices, characterized by refined 

neural resource allocation and reduced extraneous activity 

(4, 21, 22). This efficiency aligns with the concept of “neural 

proficiency adaptation,” wherein skill acquisition and 

refinement result in progressively optimized brain network 

dynamics (23, 24). The modulation of SMR, in particular, 

has been linked to improved motor inhibition, attentional 

filtering, and reduced susceptibility to distraction (10, 25). 

Evidence from recent systematic reviews and meta-

analyses indicates that NFT can meaningfully improve 

sport-specific performance metrics, though effect sizes vary 

according to sport type, protocol design, and feedback 

modality (13, 20, 26, 27). For example, targeted frontal 

midline theta enhancement has been shown to support 

sustained focus in golfers, while alpha modulation protocols 

have yielded benefits in rifle shooting performance (22, 28, 

29). Moreover, integrating multimodal feedback 

mechanisms appears to enhance learning curves and 

transferability to competitive settings (30, 31), while 

coupling NFT with non-invasive brain stimulation 

techniques such as transcranial direct current stimulation 

(tDCS) may yield synergistic effects on motor imagery and 

execution (18, 32). 

The neurocognitive underpinnings of NFT efficacy in 

precision sports can be understood through frameworks such 

as the neurovisceral integration model (33) and dynamic 

systems approaches to motor learning (1). These models 

emphasize the bidirectional regulation between central 

executive networks—particularly the prefrontal cortex—and 

autonomic nervous system function in sustaining attentional 

control during fine-motor execution. NFT may strengthen 

this coupling by enhancing interoceptive awareness and 

optimizing arousal regulation, as supported by EEG-fMRI 

studies revealing functional connectivity gains between the 

anterior cingulate cortex, insula, and parietal regions 

following training (34, 35). Importantly, these neuroplastic 

changes can occur in both healthy and clinical populations, 

extending NFT’s relevance beyond sport into rehabilitation 

and cognitive enhancement domains (17, 23). 

A growing body of literature situates NFT within the 

broader category of brain-computer interface (BCI) 

applications, leveraging real-time neural data not only for 

training but also for adaptive performance support (36, 37). 

In sports, BCIs have been explored for monitoring and 

modulating engagement, preventing mental fatigue, and 

enabling on-demand recalibration of cognitive states during 

competition (38, 39). Advances in AI-driven signal 

processing and portable EEG systems are making these 

interventions increasingly feasible in field environments, 

addressing historical constraints of laboratory-only 

applicability (31, 40). However, challenges remain in 

standardizing protocols, managing inter-individual 

variability in responsiveness, and ensuring ecological 

validity in training transfer (12, 41). 

The sports-specific NFT literature reflects both 

promising outcomes and mixed findings, underscoring the 

influence of methodological differences in shaping results 

(27, 42). While some studies demonstrate significant gains 

in marksmanship accuracy and attentional metrics (8, 28), 

others suggest limited advantages over placebo or sham 

feedback conditions (11, 43). Factors such as baseline 
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neurophysiology, psychological readiness, and even genetic 

polymorphisms may moderate individual responsiveness 

(42, 44). Moreover, protocol parameters—including 

targeted frequency bands, session duration, and training 

frequency—must be optimized to balance neuroplastic gains 

with the risk of cognitive overload (25, 45). 

Neurofeedback has also shown potential in enhancing 

ancillary cognitive and emotional domains critical to 

precision sports performance, such as flow state induction 

(44), stress resilience (18), and visuospatial processing (8, 

38). The transfer of these enhancements to competition 

scenarios is particularly relevant for athletes who must 

execute under pressure, where attentional lapses can be 

amplified by heightened physiological arousal (3, 5). 

Integrating NFT with traditional mental skills training—

such as imagery, goal setting, and mindfulness—may further 

reinforce these benefits (46, 47). 

Beyond elite sport, NFT principles have been adapted to 

military and tactical populations, where precision under 

duress is equally vital (42), as well as to clinical and 

neurorehabilitation settings (17, 24). For example, alpha 

power modulation has been used to improve motor imagery 

in brain-computer interface control tasks among 

rehabilitation patients (29, 36), while SMR protocols have 

supported recovery in stroke survivors (23). The 

convergence of these findings across domains reinforces 

NFT’s versatility as both a performance enhancement and 

restorative tool (15, 40). 

Against this backdrop, the present study aims to examine 

the efficacy of a sport-specific neurofeedback protocol for 

enhancing attentional control in precision sports athletes. 

2. Methods and Materials 

2.1. Study Design and Participants 

This pilot study employed a mixed-methods, randomized 

controlled trial design with three parallel arms to evaluate 

the efficacy of neurofeedback training (NFT) for enhancing 

focus in precision sports athletes. The quantitative 

component featured a pre-test/post-test comparison between 

experimental and control groups, while the qualitative 

component incorporated semi-structured interviews to 

explore participants' subjective experiences. The design was 

informed by recent methodological recommendations for 

neurofeedback research in sports performance enhancement, 

particularly the need for active control groups and ecological 

validity in outcome measures. The trial protocol was 

preregistered with the Open Science Framework and 

received ethical approval from the Institutional Review 

Board Department of Physical Education, Federal 

University of Sergipe (UFS), São Cristóvão, Brazil.  

Thirty elite precision sport athletes (15 archers, 10 

shooters, and 5 golfers) were recruited through national 

sports federations, with inclusion criteria requiring at least 

three years of competitive experience at national-level 

events. Participants ranged in age from 18 to 32 years (mean 

= 24.6 ± 3.8) and were free from neurological or psychiatric 

conditions as confirmed by medical screening. The sample 

size was determined based on effect sizes from comparable 

NFT studies in athletic populations, providing 80% power to 

detect moderate effects (f = 0.30) at α = 0.05. Randomization 

was stratified by sport type using permuted blocks to ensure 

balanced group allocation, with 10 participants each 

assigned to: 1) Sensorimotor rhythm (SMR) neurofeedback, 

2) Theta/alpha ratio neurofeedback, or 3) Sham 

neurofeedback control. 

Pre- and post-intervention evaluations included 

laboratory and field-based components. Laboratory testing 

under controlled conditions measured: 1) EEG markers of 

focus (frontal theta power, parietal alpha suppression), 2) 

Reaction time and consistency in sport-specific decision 

tasks, and 3) Physiological stress markers (heart rate 

variability, galvanic skin response). Field testing occurred 

during regular training sessions and included: 1) 

Competition-simulation pressure drills, 2) Coach-rated 

performance under distraction, and 3) Video analysis of pre-

shot routines. The multimodal assessment approach 

addressed limitations identified in recent reviews of sports 

NFT research (17), particularly the over-reliance on 

laboratory measures disconnected from actual performance 

contexts. 

Study rigor was ensured through several safeguards: 1) 

Double-blinding for sham and active NFT conditions, 2) 

Weekly calibration of all measurement equipment, 3) Inter-

rater reliability checks for qualitative coding (κ > 0.80), and 

4) Adverse event monitoring throughout the intervention 

period. Treatment fidelity was assessed via random video 

review of 20% sessions by an independent expert, 

https://portal.issn.org/resource/ISSN/2981-2569
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confirming 93% adherence to protocol specifications. These 

measures addressed common limitations identified in recent 

neurofeedback research (8), particularly concerns about 

placebo effects and protocol standardization. 

The mixed-methods design facilitated comprehensive 

evaluation through: 1) Quantitative-qualitative meta-

inference tables comparing neural, performance, and 

experiential outcomes, 2) Case studies of exceptional 

responders/non-responders, and 3) Triangulation of 

subjective reports with objective metrics. This approach 

aligned with best practices for complex intervention 

research, allowing examination of both efficacy and 

mechanisms of effect. The study's methodological 

innovations included the sport-specific adaptation of NFT 

protocols and the combination of laboratory neural measures 

with field performance assessments, advancing beyond the 

limitations of previous sports NFT research. 

2.2. Measures 

Electroencephalographic (EEG) data were collected 

using a 64-channel Biosemi ActiveTwo system with 

electrodes positioned according to the 10-20 international 

system, with sampling rate at 2048 Hz and impedance kept 

below 10 kΩ. The system's validity for sports performance 

research has been established in recent studies comparing 

laboratory and field measurements (48). Performance 

outcomes were assessed using: 1) A computerized shooting 

simulator (SCATT Pro System) with 0.01° accuracy for 

marksmanship metrics, 2) Golf putting accuracy measured 

by Smart2Move pressure-sensitive mat (1mm precision), 

and 3) Archery target scoring via Archery ScorePad Pro with 

integrated image analysis. Psychological measures included 

the Test of Attentional and Interpersonal Style (TAIS), 

demonstrating strong reliability in athlete populations 

(Cronbach's α = 0.89) (16), and the Mindfulness Attention 

Awareness Scale (MAAS) with established validity for 

sports applications (49). 

2.3. Intervention 

The 8-week intervention consisted of 16 sessions (twice 

weekly) of 30-minute NFT administered by certified 

practitioners. The SMR protocol (12-15Hz Cz training) and 

theta/alpha protocol (4-8Hz/8-12Hz Fz ratio) were 

implemented using BCI2000 software with threshold 

adjustments based on individual baselines. Sham training 

followed identical procedures but provided non-contingent 

feedback. Each session comprised: 1) 5-minute baseline 

recording, 2) 20-minute training with audiovisual feedback 

(customized for each sport), and 3) 5-minute transfer period 

without feedback. The protocols were adapted from 

evidence-based approaches in recent precision sports studies 

(42), with modifications to enhance ecological validity 

through sport-specific visual displays and real-time 

performance metrics. Training progress was monitored 

using learning curves calculated from session-to-session 

amplitude changes, with individualized adjustments made 

for participants showing plateaued progress (15). 

2.4. Data Analysis 

Quantitative data analysis followed intention-to-treat 

principles using linear mixed-effects models to account for 

repeated measures and individual variability. Primary 

outcomes (EEG focus markers and performance accuracy) 

were analyzed with time (pre/post) × group (SMR/theta-

alpha/sham) interactions, controlling for baseline 

performance and sport type. Effect sizes were calculated 

using partial eta squared (η²) with 95% confidence intervals. 

EEG data processing involved: 1) Artifact removal using 

independent component analysis, 2) Spectral analysis via 

Fast Fourier Transform (1Hz bins), and 3) Source 

localization using sLORETA for significant findings. 

Qualitative data from post-intervention interviews 

underwent thematic analysis following the framework 

method (23), with triangulation between researcher, coach, 

and athlete perspectives to ensure comprehensive 

understanding. 

The analysis plan addressed multiple comparison 

concerns through false discovery rate correction while 

maintaining adequate power for primary hypotheses. 

Missing data (3.2% of total) were handled using maximum 

likelihood estimation, with sensitivity analyses confirming 

robustness of findings. All analyses were conducted in R 

(version 4.3.1) with specialized packages for EEG analysis 

(EEGLAB) and mixed modeling (lme4). Bayesian 

approaches complemented frequentist analyses where 

appropriate, particularly for evaluating individual response 

patterns (19). The α level was set at 0.05 for primary 

outcomes, with effect size interpretation guided by sport-

https://portal.issn.org/resource/ISSN/2981-2569
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specific benchmarks: η² ≥ 0.04 considered practically 

meaningful for performance enhancement in elite athletes 

(27). 

3. Findings and Results 

The findings from this pilot study demonstrate significant 

improvements in both neurophysiological markers of 

attention and sport-specific performance metrics following 

targeted neurofeedback training (NFT) in precision sport 

athletes. Quantitative analysis revealed differential 

outcomes between the three intervention groups, with the 

sensorimotor rhythm (SMR) protocol showing particularly 

robust effects on cognitive and performance measures. The 

comprehensive assessment protocol yielded 

multidimensional data that collectively support the efficacy 

of NFT for enhancing focus in precision sports contexts. 

EEG analysis showed that SMR training produced a 

42.7% increase in 12-15Hz power at Cz (from 3.21±0.45 

μV² at baseline to 4.58±0.52 μV² post-intervention, p<0.001, 

d=1.32), significantly greater than both theta/alpha training 

(28.3% increase, p=0.003) and sham control (9.1% change, 

p=0.621). These neural changes were accompanied by a 

37.5% reduction in theta/beta ratio at Fz (from 2.15±0.38 to 

1.34±0.29, p<0.001) in the SMR group, indicating improved 

cortical inhibition of distractibility networks. The time 

course of these changes followed a characteristic learning 

curve, with the most rapid improvements occurring between 

sessions 5-8 before stabilizing, as illustrated in Figure 1. 

Figure 1 

Neurofeedback Learning Curves Across Training Sessions 

 

The figure demonstrates that while all groups showed 

some amplitude increase, the SMR group achieved 

significantly steeper learning slopes (0.32 μV²/session vs 

0.18 in theta/alpha and 0.03 in sham, p<0.01). These neural 

changes emerged earlier and were more sustained than those 

reported in previous NFT studies with athletes, potentially 

due to our sport-specific feedback adaptations. The learning 

curves demonstrate three distinct phases of neurofeedback 

acquisition: 

1. Rapid Acquisition Phase (Sessions 1-5): The 

SMR group showed steep amplitude increases 

(0.13 μV²/session), significantly diverging from 

sham by session 3 (p=0.043). This early 

acceleration phase suggests rapid initial learning of 

SMR self-regulation, consistent with motor skill 

acquisition literature. 

2. Consolidation Phase (Sessions 6-12): Growth rate 

slowed to 0.07 μV²/session while maintaining 

significant group differences (p<0.01). Theta/alpha 
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group showed parallel but attenuated progression, 

indicating protocol-specific effects rather than 

general learning. 

3. Stabilization Phase (Sessions 13-16): All groups 

plateaued, with SMR maintaining 42.7% gain over 

baseline. The stability of gains suggests durable 

neuroplastic changes, addressing concerns about 

short-term effects in earlier studies. 

Statistical Notes: 

 Mixed-effects modeling confirmed significant 

group × session interaction (F [2,255] =28.41, 

p<0.001, η²=0.18) 

 Post-hoc tests revealed SMR > theta/alpha > sham 

at all sessions from #5 onward (p<0.01, Bonferroni-

corrected) 

 Individual variability was lowest in SMR group 

(CV=14.2% vs 18.7% in theta/alpha), suggesting 

more consistent training effects. 

Performance Outcomes 

Sport-specific measures showed clinically meaningful 

improvements correlated with EEG changes. In archery, the 

SMR group demonstrated a 23.4% reduction in aiming point 

dispersion (from 1.45±0.21 cm to 1.11±0.18 cm, p<0.001), 

compared to 12.7% in theta/alpha (p=0.018) and 4.3% in 

sham (p=0.423). Shooting athletes in the SMR condition 

improved reaction time consistency by 31.8% (coefficient of 

variation decrease from 18.7±3.2% to 12.8±2.7%, p<0.001), 

while golfers showed a 27.5% increase in putting accuracy 

under competitive pressure conditions. These performance 

gains were significantly correlated with SMR amplitude 

changes (r=0.62, p<0.001), supporting the neurobehavioral 

specificity of the training effects. 

Table 1 

Intervention Effects on Primary Outcome Measures 

Outcome Variable SMR Group (n=10) Theta/Alpha Group (n=10) Sham Group (n=10) p-value (Group × Time) Effect Size (η²) 

SMR Power at Cz (μV²) +42.7% +28.3% +9.1% <0.001 0.38 

Theta/Beta Ratio at Fz -37.5% -22.1% -5.3% <0.001 0.29 

Sport-Specific Accuracy +23.4% +12.7% +4.3% 0.002 0.21 

Pressure Performance +31.8% +18.9% +7.5% 0.008 0.17 

 

The table presents consistent superiority of SMR training 

across all measured domains, with particularly strong effects 

on neural markers of focus. The effect sizes exceed those 

typically reported in cognitive training studies (48), 

suggesting that sport-specific NFT may offer unique 

advantages for precision athletes. 

Qualitative analysis revealed three key themes from post-

intervention interviews: 

1. Enhanced Body Awareness: SMR participants 

described improved capacity to detect and correct 

subtle tension patterns: "I can now feel when my 

shoulders start creeping up during aiming and 

consciously relax them" (Archer #3). This somatic 

awareness was less prominent in other groups. 

2. Automatization of Focus States: Many SMR 

athletes reported needing less conscious effort to 

enter optimal performance states: "The zone comes 

quicker now, like my brain remembers how to get 

there" (Shooter #7). This aligns with recent theories 

of NFT-induced neuroplasticity in attentional 

networks. 

3. Transfer to Competition: Notably, only SMR 

participants consistently reported applying trained 

skills during actual competitions: "I used the 

breathing rhythm from training when I felt 

distracted in the finals" (Golfer #2). This ecological 

transfer addresses a key limitation of previous 

laboratory-based NFT studies. 

Bayesian mixed modeling identified two significant 

predictors of NFT response: baseline theta/beta ratio 

(BF₁₀=8.7) and years of competitive experience (BF₁₀=6.2). 

Athletes with higher pre-intervention theta/beta ratios 

(indicating poorer attentional control) showed greater 

improvements from SMR training (r=-0.51, p=0.012), 

supporting its use as a potential biomarker for NFT 

candidacy. More experienced athletes derived greater 

benefits from theta/alpha training (r=0.43, p=0.027), 

https://portal.issn.org/resource/ISSN/2981-2569
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suggesting differential mechanisms of action between 

protocols. 

The intervention demonstrated excellent feasibility, with 

96.7% session completion and no adverse events. 

Physiological monitoring during sessions showed all 

participants maintained appropriate arousal levels (mean 

HRV LF/HF ratio=1.2±0.3), addressing safety concerns 

raised in previous athlete NFT studies. Treatment credibility 

ratings were high across groups (mean=8.1/10), minimizing 

placebo effect confounds. 

4. Discussion and Conclusion 

The present pilot study provides converging 

neurophysiological and behavioral evidence that 

neurofeedback training (NFT), particularly using a 

sensorimotor rhythm (SMR) protocol, can enhance 

attentional regulation and sport-specific performance in 

precision sports athletes. The observed 42.7% increase in 

SMR amplitude at Cz and the 37.5% reduction in the 

theta/beta ratio at Fz in the SMR group indicate substantial 

modulation of cortical oscillations related to sustained focus 

and motor inhibition. These results align with prior findings 

that elite performers in precision sports exhibit refined EEG 

profiles, including elevated SMR and reduced distractibility-

related rhythms (4, 7, 10). The significant correlations 

between SMR amplitude increases and improvements in 

accuracy and reaction time suggest that these neural changes 

are not merely epiphenomenal but functionally linked to 

performance outcomes (8, 21). 

Our results extend earlier work by demonstrating that a 

sport-specific, multimodal NFT approach yields robust gains 

in both laboratory and field contexts. While previous 

research has documented improvements in marksmanship 

and putting accuracy following targeted neurofeedback (22, 

28, 29), the present study is notable for its ecological 

validity, integrating real-world performance simulations into 

the training protocol. This methodological choice may 

explain why transfer to competitive conditions was 

consistently reported by participants, supporting the notion 

that NFT effectiveness depends on contextual relevance (6, 

19). The higher learning rate observed in the SMR group 

compared to theta/alpha training further reinforces the 

importance of protocol selection based on sport-specific 

cognitive demands (20, 26). 

The superiority of SMR training in our sample is 

consistent with theories emphasizing the role of 

thalamocortical modulation in optimizing attentional control 

for fine-motor tasks (25, 44). SMR enhancement may 

improve the efficiency of sensory filtering and motor 

preparation, allowing athletes to maintain a steady cognitive 

set under pressure. Previous work has shown that SMR 

modulation reduces interference from irrelevant stimuli and 

improves precision in motor execution (17, 23). Our finding 

that baseline theta/beta ratio predicted responsiveness to 

SMR suggests that NFT could be personalized based on pre-

training EEG biomarkers, an approach supported by recent 

studies in both sports and neurorehabilitation (15, 24). 

The benefits of SMR training observed here are also 

consistent with neurovisceral integration principles, which 

link cognitive control to autonomic regulation (33). 

Participants in the SMR group reported enhanced somatic 

awareness and effortless entry into optimal focus states—

phenomena consistent with improved coupling between the 

prefrontal cortex and parasympathetic nervous system. 

Neuroimaging work supports this interpretation, showing 

NFT-induced increases in connectivity between attentional 

and interoceptive brain regions (34, 35). This mind–body 

integration is particularly valuable in precision sports, where 

physiological calmness is a prerequisite for motor stability 

(2, 38). 

In comparing our results to broader NFT literature, the 

gains achieved in our SMR group surpass the average effect 

sizes reported in recent systematic reviews and meta-

analyses (13, 27). Several methodological choices may 

account for this difference. First, we implemented 

multimodal feedback (visual and auditory) tailored to sport-

specific imagery tasks, a strategy shown to accelerate 

neurofeedback learning (30, 31). Second, our session 

frequency and duration allowed for both rapid acquisition 

and consolidation phases, in line with motor learning 

literature (11, 12). Third, the integration of ecological 

performance drills during training likely facilitated neural–

behavioral transfer (14, 32). 

The theta/alpha protocol also produced significant, 

though smaller, improvements in EEG and performance 

outcomes. This is consistent with findings that alpha 

enhancement may benefit precision performance, 

particularly in experienced athletes who rely more on 
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automaticity and less on conscious attentional control (42, 

45). The stronger association between competitive 

experience and theta/alpha responsiveness in our data 

suggests that this protocol may be better suited for athletes 

in later career stages, whereas SMR may benefit a broader 

range of skill levels. This differentiation aligns with the skill 

transition models observed in EEG research on expertise 

development (37, 50). 

Our qualitative data revealed that participants valued the 

increased capacity for bodily self-monitoring and quicker 

access to “the zone,” supporting neurophenomenological 

accounts of expert performance (41, 46). These subjective 

reports mirror findings from other domains, such as military 

marksmanship, where NFT has been used to enhance 

sustained attention and situational awareness (3, 42). 

Importantly, the absence of adverse events and high 

adherence rates in our study reinforce the feasibility and 

safety of NFT as an adjunct to traditional sport training (18, 

40). 

The present results also intersect with the growing 

integration of NFT into brain–computer interface (BCI) 

platforms. Our findings suggest that portable, sport-adapted 

BCIs could provide on-demand mental state regulation 

during training and competition (36, 39). Advances in AI-

assisted signal processing could further refine feedback 

precision, making NFT more adaptive to real-time 

performance demands (31, 37). Such integration has already 

shown promise in neurorehabilitation contexts (17, 23), 

indicating strong translational potential across performance 

and recovery domains. 

In light of the current evidence, this study supports the 

application of SMR-focused NFT as a viable strategy for 

enhancing attentional control and precision performance. 

The magnitude and consistency of gains observed suggest 

that with appropriate customization, NFT could become a 

standard component of mental conditioning programs in 

elite sport (19, 47). Furthermore, the predictive value of 

baseline EEG profiles opens the door for individualized 

training prescriptions, improving efficiency and efficacy 

(25, 44). 

This pilot study’s sample size was relatively small, which 

limits the generalizability of findings to broader athlete 

populations. Although stratified randomization helped 

balance sport types across groups, the statistical power to 

detect small effect sizes was limited. Additionally, the 

absence of long-term follow-up prevents conclusions about 

the durability of neurophysiological and performance gains 

beyond the immediate post-intervention period. While the 

inclusion of a sham control condition mitigates placebo 

concerns, double-blinding was not implemented, leaving 

room for expectancy effects. Finally, as the study focused 

exclusively on elite precision sport athletes, results may not 

translate directly to novice performers or to athletes in sports 

with different cognitive and physical demands. 

Future investigations should employ larger, more diverse 

samples and multi-site collaborations to validate the 

observed effects across different populations and sporting 

contexts. Longitudinal follow-ups would help clarify the 

persistence of NFT-induced neural and behavioral changes, 

and periodic booster sessions could be tested for sustaining 

benefits. Studies integrating multimodal neuroimaging (e.g., 

EEG–fMRI) could elucidate the network-level mechanisms 

underlying NFT responsiveness. Further, comparing NFT 

with other neuromodulation techniques, such as tDCS or 

transcranial magnetic stimulation, would determine whether 

combined approaches yield additive effects. Finally, 

machine learning–driven adaptive protocols that adjust 

training parameters in real-time based on performance could 

enhance personalization and efficacy. 

Coaches and sport psychologists can consider 

incorporating SMR-based NFT into training regimens for 

athletes in precision sports, particularly when attentional 

stability is critical to performance success. Integrating NFT 

sessions alongside technical, tactical, and mental skills 

training may enhance transfer to competition environments. 

Practitioners should tailor feedback modalities to athlete 

preference and sport-specific demands, and baseline EEG 

profiles could guide protocol selection for optimal individual 

outcomes. Portable, sport-adapted NFT systems offer the 

potential for seamless integration into regular training 

schedules without disrupting physical preparation. 

Authors’ Contributions 

All authors contributed to the study conception and 

design. Material preparation, data collection, and analysis 

were performed collaboratively. The first draft of the 

manuscript was written jointly, and all authors critically 

revised subsequent drafts. 

https://portal.issn.org/resource/ISSN/2981-2569


 de Sousa Fernandes & Melguizo-Ibáñez                                                                                                                                      Health Nexus 3:4 (2025) 1-11 

 

 
E-ISSN: 2981-2569 

9 

Declaration 

In order to correct and improve the academic writing of 

our paper, we have used the language model ChatGPT. 

Transparency Statement 

Data are available for research purposes upon reasonable 

request to the corresponding author. 

Acknowledgments 

The authors would like to express their sincere gratitude 

to all participants who dedicated their time and effort to this 

study, as their involvement was essential in advancing our 

understanding of neurofeedback applications in precision 

sports. We extend our appreciation to the coaches and sports 

organizations that facilitated athlete recruitment and 

provided valuable insights into the practical demands of 

competitive training. Special thanks are due to our research 

assistants and technical staff for their meticulous work in 

data collection and analysis. 

Declaration of Interest 

The authors report no conflict of interest. 

Funding 

According to the authors, this article has no financial 

support. 

Ethics Considerations 

This study was approved by the Ethics Committee of 

Department of Physical Education, Federal University of 

Sergipe (UFS), São Cristóvão, Brazil. All procedures 

complied with the ethical standards of the 1964 Helsinki 

Declaration and its later amendments. Written informed 

consent was obtained from all participants. 

References 

1. Woods CT, McKeown I, Rothwell M, Araújo D, 

Robertson S, Davids K. Sport Practitioners as Sport Ecology 

Designers: How Ecological Dynamics Has Progressively Changed 

Perceptions of Skill “Acquisition” in the Sporting Habitat. 

Frontiers in Psychology. 2020;11:654. [PMID: 32390904] 

[PMCID: PMC7194200] [DOI] 

2. Li S, Kempe M, Brink M, Lemmink K. Effectiveness of 

Recovery Strategies After Training and Competition in Endurance 

Athletes: An Umbrella Review. Sports Medicine - Open. 

2024;10(1):55. [PMID: 38753045] [PMCID: PMC11098991] 

[DOI] 

3. Gomez-Espejo V, Olmedilla A, Abenza-Cano L, Garcia-

Mas A, Ortega E. Psychological readiness to return to sports 

practice and risk of recurrence: Case studies. Frontiers in 

Psychology. 2022;13:905816. [PMID: 36211933] [PMCID: 

PMC9540195] [DOI] 

4. Gao Q, Luo N, Sun M, Zhou W, Li Y, Liang M, et al. 

Neural efficiency and proficiency adaptation of effective 

connectivity corresponding to early and advanced skill levels in 

athletes of racket sports. Human Brain Mapping. 2023;44(2):388-

402. [PMID: 36053219] [PMCID: PMC9842890] [DOI] 

5. Wang D, Hu T, Luo R, Shen Q, Wang Y, Li X, et al. 

Effect of Cognitive Reappraisal on Archery Performance of Elite 

Athletes: The Mediating Effects of Sport-Confidence and 

Attention. Frontiers in Psychology. 2022;13:860817. [PMID: 

35529554] [PMCID: PMC9070554] [DOI] 

6. Bovolon L, De Fano A, Di Pinto G, Rosito SA, 

Scaramuzza C, Tanet E, et al. Integrating brain-body-behavior data 

for performance optimization: Augmented technologies for the 

next generation of sport psychologists. Psychology of Sport and 

Exercise. 2025;81:102954. [PMID: 40684896] [DOI] 

7. Morrone JM, Pedlar CR. EEG-based neurophysiological 

indices for expert psychomotor performance - a review. Brain and 

Cognition. 2024;175:106132. [PMID: 38219415] [DOI] 

8. Chen KF, Chueh TY, Hung TM. Differences in 

visuospatial cognition among table tennis players of different skill 

levels: an event-related potential study. PeerJ. 2024;12:e17295. 
[PMID: 38827290] [PMCID: PMC11144390] [DOI] 

9. Chmiel J, Nadobnik J. Application of 

Electroencephalography (EEG) in Combat Sports—Review of 

Findings, Perspectives, and Limitations. Journal of Clinical 

Medicine. 2025;14(12):4113. [PMID: 40565858] [PMCID: 

PMC12194295] [DOI] 

10. Afrash S, Saemi E, Gong A, Doustan M. Neurofeedback 

training and motor learning: the enhanced sensorimotor rhythm 

protocol is better or the suppressed alpha or the suppressed mu? 

BMC Sports Science, Medicine & Rehabilitation. 2023;15(1):93. 
[PMID: 37525277] [PMCID: PMC10392010] [DOI] 

11. Autenrieth M, Kober SE, Neuper C, Wood G. How Much 

Do Strategy Reports Tell About the Outcomes of Neurofeedback 

Training? A Study on the Voluntary Up-Regulation of the 

Sensorimotor Rhythm. Frontiers in Human Neuroscience. 

2020;14:218. [PMID: 32587509] [PMCID: PMC7299073] [DOI] 

12. Weber LA, Ethofer T, Ehlis AC. Predictors of 

neurofeedback training outcome: A systematic review. 

NeuroImage: Clinical. 2020;27:102301. [PMID: 32604020] 

[PMCID: PMC7327249] [DOI] 

13. Yu CL, Cheng MY, An X, Chueh TY, Wu JH, Wang KP, 

et al. The Effect of EEG Neurofeedback Training on Sport 

Performance: A Systematic Review and Meta-Analysis. 

Scandinavian Journal of Medicine & Science in Sports. 

2025;35(5):e70055. [PMID: 40270441] [PMCID: PMC12019780] 

[DOI] 

14. Bertollo M, Doppelmayr M, Robazza C. Using brain 

technologies in practice. In: Tenenbaum G, Eklund RC, Boiangin 

N, editors. Handbook of sport psychology: Social perspectives, 

cognition, and applications. 4 ed: John Wiley & Sons, Inc.; 2020. 

p. 666-93. 3_https://doi.org/DOI} 

15. Cioffi E, Hutber A, Molloy R, Murden S, Yurkewich A, 

Kirton A, et al. EEG-based sensorimotor neurofeedback for motor 

neurorehabilitation in children and adults: A scoping review. 

Clinical Neurophysiology. 2024;167:143-66. [PMID: 39321571] 

[PMCID: PMC11845253] [DOI] 

16. Cheng MY, Yu CL, An X, Wang L, Tsai CL, Qi F, et al. 

Evaluating EEG neurofeedback in sport psychology: a systematic 

https://portal.issn.org/resource/ISSN/2981-2569
https://pubmed.ncbi.nlm.nih.gov/32390904
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7194200
https://doi.org/10.3389/fpsyg.2020.00654
https://pubmed.ncbi.nlm.nih.gov/38753045
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11098991
https://doi.org/10.1186/s40798-024-00724-6
https://pubmed.ncbi.nlm.nih.gov/36211933
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9540195
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9540195
https://doi.org/10.3389/fpsyg.2022.905816
https://pubmed.ncbi.nlm.nih.gov/36053219
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9842890
https://doi.org/10.1002/hbm.26057
https://pubmed.ncbi.nlm.nih.gov/35529554
https://pubmed.ncbi.nlm.nih.gov/35529554
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9070554
https://doi.org/10.3389/fpsyg.2022.860817
https://pubmed.ncbi.nlm.nih.gov/40684896
https://doi.org/10.1016/j.psychsport.2025.102954
https://pubmed.ncbi.nlm.nih.gov/38219415
https://doi.org/10.1016/j.bandc.2024.106132
https://pubmed.ncbi.nlm.nih.gov/38827290
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11144390
https://doi.org/10.7717/peerj.17295
https://pubmed.ncbi.nlm.nih.gov/40565858
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC12194295
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC12194295
https://doi.org/10.3390/jcm14124113
https://pubmed.ncbi.nlm.nih.gov/37525277
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10392010
https://doi.org/10.1186/s13102-023-00706-3
https://pubmed.ncbi.nlm.nih.gov/32587509
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7299073
https://doi.org/10.3389/fnhum.2020.00218
https://pubmed.ncbi.nlm.nih.gov/32604020
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7327249
https://doi.org/10.1016/j.nicl.2020.102301
https://pubmed.ncbi.nlm.nih.gov/40270441
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC12019780
https://doi.org/10.1111/sms.70055
https://pubmed.ncbi.nlm.nih.gov/39321571
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11845253
https://doi.org/10.1016/j.clinph.2024.08.009


 de Sousa Fernandes & Melguizo-Ibáñez                                                                                                                                      Health Nexus 3:4 (2025) 1-11 

 

 
E-ISSN: 2981-2569 

10 

review of RCT studies for insights into mechanisms and 

performance improvement. Frontiers in Psychology. 

2024;15:1331997. [PMID: 39156814] [PMCID: PMC11328324] 

[DOI] 

17. Tonin A, Semprini M, Kiper P, Mantini D. Brain-

Computer Interfaces for Stroke Motor Rehabilitation. 

Bioengineering. 2025;12(8):820. [DOI] 

18. Badicu G, Silva RM, Brini S, Gonzalez-Fernandes FT, 

Ardigò LP. The Role of Neurofeedback and Non-Invasive Brain 

Stimulation (tDCS/rTMS) in Enhancing Athletic Performance and 

Psychological Resilience in Elite Athletes. Functional Research in 

Sport Psychology. 2025;2(3):93-105. [DOI] 

19. Corrado S, Tosti B, Mancone S, Di Libero T, Rodio A, 

Andrade A, et al. Improving Mental Skills in Precision Sports by 

Using Neurofeedback Training: A Narrative Review. Sports. 

2024;12(3):70. [PMID: 38535733] [PMCID: PMC10975073] 

[DOI] 

20. Tosti B, Corrado S, Mancone S, Di Libero T, Carissimo 

C, Cerro G, et al. Neurofeedback Training Protocols in Sports: A 

Systematic Review of Recent Advances in Performance, Anxiety, 

and Emotional Regulation. Brain Sciences. 2024;14(10):1036. 
[PMID: 39452048] [PMCID: PMC11506327] [DOI] 

21. Wang KP, Cheng MY, Chen TT, Huang CJ, Schack T, 

Hung TM. Elite golfers are characterized by psychomotor 

refinement in cognitive-motor processes. Psychology of Sport and 

Exercise. 2020;50:101739. [DOI] 

22. Chen TT, Wang KP, Chang WH, Kao CW, Hung TM. 

Effects of the function-specific instruction approach to 

neurofeedback training on frontal midline theta waves and golf 

putting performance. Psychology of Sport and Exercise. 2022;61:1-

9. [DOI] 

23. Vidaurre C, Irastorza-Landa N, Sarasola-Sanz A, 

Insausti-Delgado A, Ray AM, Bibián C, et al. Challenges of neural 

interfaces for stroke motor rehabilitation. Frontiers in Human 

Neuroscience. 2023;17:1070404. [PMID: 37789905] [PMCID: 

PMC10543821] [DOI] 

24. Gkintoni E, Vassilopoulos SP, Nikolaou G, Vantarakis 

A. Neurotechnological Approaches to Cognitive Rehabilitation in 

Mild Cognitive Impairment: A Systematic Review of 

Neuromodulation, EEG, Virtual Reality, and Emerging AI 

Applications. Brain Sciences. 2025;15(6):582. [PMID: 40563754] 

[PMCID: PMC12190363] [DOI] 

25. Sho'ouri N. Hard Boundary-Based Neurofeedback 

Training Procedure: A Modified Fixed Thresholding Method for 

More Accurate Guidance of Subjects Within Target Areas During 

Neurofeedback Training. Clinical EEG and Neuroscience. 

2023;54(3):228-37. [PMID: 35686319] [DOI] 

26. de Brito MA, Fernandes JR, Esteves NS, Müller VT, 

Alexandria DB, Pérez DIV, et al. The Effect of Neurofeedback on 

the Reaction Time and Cognitive Performance of Athletes: A 

Systematic Review and Meta-Analysis. Frontiers in Human 

Neuroscience. 2022;16:868450. [PMID: 35795260] [PMCID: 

PMC9252423] [DOI] 

27. Rydzik Ł, Wąsacz W, Ambroży T, Javdaneh N, Brydak 

K, Kopańska M. The Use of Neurofeedback in Sports Training: 

Systematic Review. Brain Sciences. 2023;13(4):660. [PMID: 

37190625] [PMCID: PMC10136619] [DOI] 

28. Wang KP, Cheng MY, Elbanna H, Schack T. A new EEG 

neurofeedback training approach in sports: the effects function-

specific instruction of Mu rhythm and visuomotor skill 

performance. Frontiers in Psychology. 2023;14:1273186. [PMID: 

38187413] [PMCID: PMC10771324] [DOI] 

29. Zhou Q, Cheng R, Yao L, Ye X, Xu K. Neurofeedback 

Training of Alpha Relative Power Improves the Performance of 

Motor Imagery Brain-Computer Interface. Frontiers in Human 

Neuroscience. 2022;16:831995. [PMID: 35463935] [PMCID: 

PMC9026187] [DOI] 

30. Sawai S, Murata S, Fujikawa S, Yamamoto R, Shima K, 

Nakano H. Effects of neurofeedback training combined with 

transcranial direct current stimulation on motor imagery: A 

randomized controlled trial. Frontiers in Neuroscience. 

2023;17:1148336. [PMID: 36937688] [PMCID: PMC10017549] 

[DOI] 

31. Calderone A, Latella D, Bonanno M, Quartarone A, 

Mojdehdehbaher S, Celesti A, et al. Towards Transforming 

Neurorehabilitation: The Impact of Artificial Intelligence on 

Diagnosis and Treatment of Neurological Disorders. Biomedicines. 

2024;12(10):2415. [PMID: 39457727] [PMCID: PMC11504847] 

[DOI] 

32. Perrey S. Probing the Promises of Noninvasive 

Transcranial Electrical Stimulation for Boosting Mental 

Performance in Sports. Brain Sciences. 2023;13(2):282. [PMID: 

36831825] [PMCID: PMC9954379] [DOI] 

33. Matos FO, Vido A, Garcia WF, Lopes WA, Pereira A. A 

Neurovisceral Integrative Study on Cognition, Heart Rate 

Variability, and Fitness in the Elderly. Frontiers in Aging 

Neuroscience. 2020;12:51. [PMID: 32210785] [PMCID: 

PMC7068733] [DOI] 

34. Ebrahimzadeh E, Saharkhiz S, Rajabion L, Oskouei HB, 

Seraji M, Fayaz F, et al. Simultaneous electroencephalography-

functional magnetic resonance imaging for assessment of human 

brain function. Frontiers in Systems Neuroscience. 

2022;16:934266. [PMID: 35966000] [PMCID: PMC9371554] 

[DOI] 

35. Carmichael DW, Vulliemoz S, Murta T, Chaudhary U, 

Perani S, Rodionov R, et al. Measurement of the Mapping between 

Intracranial EEG and fMRI Recordings in the Human Brain. 

Bioengineering. 2024;11(3):224. [PMID: 38534498] [PMCID: 

PMC10968112] [DOI] 

36. Lim H, Ahmed B, Ku J. Brain-Computer Interface Based 

Engagement Feedback in Virtual Reality Rehabilitation: Promoting 

Motor Cortex Activation. Electronics. 2025;14(5):827. [DOI] 

37. Ghosh S, Sindhujaa P, Kesavan DK, Gulyás B, Máthé D. 

Brain-Computer Interfaces and AI Segmentation in Neurosurgery: 

A Systematic Review of Integrated Precision Approaches. 

Surgeries. 2025;6(3):50. [DOI] 

38. Lochhead L, Feng J, Laby DM, Appelbaum LG. Training 

vision in athletes to improve sports performance: a systematic 

review of the literature. International Review of Sport and Exercise 

Psychology. 2024:1-23. [DOI] 

39. Autenrieth M, Kober SE, Wood G. Assessment of the 

capacity to modulate brain signals in a home-based SMR 

neurofeedback training setting. Frontiers in Human Neuroscience. 

2023;16:1032222. [PMID: 36684842 ] [PMCID: PMC9849904] 

[DOI] 

40. Bernabei L, Leone B, Hirsch D, Mentuccia V, Panzera A, 

Riggio F, et al. Neuromodulation Strategies in Lifelong Bipolar 

Disorder: A Narrative Review. Behavioral Sciences. 

2024;14(12):1176. [PMID: 39767317] [PMCID: PMC11674029] 

[DOI] 

41. Trambaiolli LR, Tiwari A, Falk TH. Affective 

Neurofeedback Under Naturalistic Conditions: A Mini-Review of 

Current Achievements and Open Challenges. Frontiers in 

Neuroergonomics. 2021;2:678981. [PMID: 38235228] [PMCID: 

PMC10790905] [DOI] 

42. Jacques C, Quiquempoix M, Sauvet F, Le Van Quyen M, 

Gomez-Merino D, Chennaoui M. Interest of neurofeedback 

training for cognitive performance and risk of brain disorders in the 

military context. Frontiers in Psychology. 2024;15:1412289. 
[PMID: 39734770] [PMCID: PMC11672796] [DOI] 

https://portal.issn.org/resource/ISSN/2981-2569
https://pubmed.ncbi.nlm.nih.gov/39156814
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11328324
https://doi.org/10.3389/fpsyg.2024.1331997
https://doi.org/10.3390/bioengineering12080820
https://doi.org/10.22091/frs.2025.13496.1092
https://pubmed.ncbi.nlm.nih.gov/38535733
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10975073
https://doi.org/10.3390/sports12030070
https://pubmed.ncbi.nlm.nih.gov/39452048
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11506327
https://doi.org/10.3390/brainsci14101036
https://doi.org/10.1016/j.psychsport.2020.101739
https://doi.org/10.1016/j.psychsport.2022.102211
https://pubmed.ncbi.nlm.nih.gov/37789905
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10543821
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10543821
https://doi.org/10.3389/fnhum.2023.1070404
https://pubmed.ncbi.nlm.nih.gov/40563754
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC12190363
https://doi.org/10.3390/brainsci15060582
https://pubmed.ncbi.nlm.nih.gov/35686319
https://doi.org/10.1177/15500594221100159
https://pubmed.ncbi.nlm.nih.gov/35795260
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9252423
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9252423
https://doi.org/10.3389/fnhum.2022.868450
https://pubmed.ncbi.nlm.nih.gov/37190625
https://pubmed.ncbi.nlm.nih.gov/37190625
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10136619
https://doi.org/10.3390/brainsci13040660
https://pubmed.ncbi.nlm.nih.gov/38187413
https://pubmed.ncbi.nlm.nih.gov/38187413
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10771324
https://doi.org/10.3389/fpsyg.2023.1273186
https://pubmed.ncbi.nlm.nih.gov/35463935
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9026187
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9026187
https://doi.org/10.3389/fnhum.2022.831995
https://pubmed.ncbi.nlm.nih.gov/36937688
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10017549
https://doi.org/10.3389/fnins.2023.1148336
https://pubmed.ncbi.nlm.nih.gov/39457727
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11504847
https://doi.org/10.3390/biomedicines12102415
https://pubmed.ncbi.nlm.nih.gov/36831825
https://pubmed.ncbi.nlm.nih.gov/36831825
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9954379
https://doi.org/10.3390/brainsci13020282
https://pubmed.ncbi.nlm.nih.gov/32210785
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7068733
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7068733
https://doi.org/10.3389/fnagi.2020.00051
https://pubmed.ncbi.nlm.nih.gov/35966000
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9371554
https://doi.org/10.3389/fnsys.2022.934266
https://pubmed.ncbi.nlm.nih.gov/38534498
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10968112
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10968112
https://doi.org/10.3390/bioengineering11030224
https://doi.org/10.3390/electronics14050827
https://doi.org/10.3390/surgeries6030050
https://doi.org/10.1080/1750984X.2024.2437385
https://pubmed.ncbi.nlm.nih.gov/36684842
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9849904
https://doi.org/10.3389/fnhum.2022.1032222
https://pubmed.ncbi.nlm.nih.gov/39767317
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11674029
https://doi.org/10.3390/bs14121176
https://pubmed.ncbi.nlm.nih.gov/38235228
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10790905
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10790905
https://doi.org/10.3389/fnrgo.2021.678981
https://pubmed.ncbi.nlm.nih.gov/39734770
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11672796
https://doi.org/10.3389/fpsyg.2024.1412289


 de Sousa Fernandes & Melguizo-Ibáñez                                                                                                                                      Health Nexus 3:4 (2025) 1-11 

 

 
E-ISSN: 2981-2569 

11 

43. Viviani G, Vallesi A. EEG-neurofeedback and executive 

function enhancement in healthy adults: A systematic review. 

Psychophysiology. 2021;58(9):e13874. [PMID: 34117795] 

[PMCID: PMC8459257] [DOI] 

44. Eschmann KCJ, Riedel L, Mecklinger A. Theta 

Neurofeedback Training Supports Motor Performance and Flow 

Experience. Journal of Cognitive Enhancement. 2022;6:434-50. 
[PMID: 35966366] [PMCID: PMC9360146] [DOI] 

45. Wang KP, Frank C, Hung TM, et al. Neurofeedback 

training: Decreases in Mu rhythm lead to improved motor 

performance in complex visuomotor skills. Current Psychology. 

2023;42:20860-71. [DOI] 

46. Treves I, Bajwa Z, Greene KD, Bloom PA, Kim N, Wool 

E, et al. Consumer-Grade Neurofeedback with Mindfulness 

Meditation: Meta-Analysis. Journal of Medical Internet Research. 

2025;27:e68204. [PMID: 40246295] [PMCID: PMC12046271] 

[DOI] 

47. Tosti B, Corrado S, Mancone S, Di Libero T, Rodio A, 

Andrade A, et al. Integrated use of biofeedback and neurofeedback 

techniques in treating pathological conditions and improving 

performance: a narrative review. Frontiers in Neuroscience. 

2024;18:1358481. [PMID: 38567285] [PMCID: PMC10985214] 

[DOI] 

48. Chang YK, Ren FF, Li RH, Ai JY, Kao SC, Etnier JL. 

Effects of acute exercise on cognitive function: A meta-review of 

30 systematic reviews with meta-analyses. Psychological Bulletin. 

2025;151(2):240-59. [PMID: 39883421] [DOI] 

49. Da Silva JC, De Souza ML. Neurofeedback training for 

cognitive performance improvement in healthy subjects: A 

systematic review. Psychology & Neuroscience. 2021;14(3):262-

79. [DOI] 

50. Zhou Z, Xu H, Sun Y, Liu G. The Electroencephalogram 

(EEG) Study for Estimating Endurance Sports Performance Base 

on Eigenvalues Extraction Method. Brain Sciences. 

2024;14(11):1135. [PMID: 39595898] [PMCID: PMC11591843] 

[DOI] 

 

 
 

https://portal.issn.org/resource/ISSN/2981-2569
https://pubmed.ncbi.nlm.nih.gov/34117795
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8459257
https://doi.org/10.1111/psyp.13874
https://pubmed.ncbi.nlm.nih.gov/35966366
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9360146
https://doi.org/10.1007/s41465-021-00236-1
https://doi.org/10.1007/s12144-022-03190-z
https://pubmed.ncbi.nlm.nih.gov/40246295
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC12046271
https://doi.org/10.2196/68204
https://pubmed.ncbi.nlm.nih.gov/38567285
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10985214
https://doi.org/10.3389/fnins.2024.1358481
https://pubmed.ncbi.nlm.nih.gov/39883421
https://doi.org/10.1037/bul0000460
https://doi.org/10.1037/pne0000261
https://pubmed.ncbi.nlm.nih.gov/39595898
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC11591843
https://doi.org/10.3390/brainsci14111135

