
Enhancing Visual Acuity though Alpha Rhythm Neurofeedback: Insights from 
Perceptual Learning Studies

ABSTRACT

NeuroFeedback (NF) has emerged as a potential non-invasive method for enhancing perceptual learning in vision 

restoration. Our recent study, "Pretraining Alpha Rhythm Enhancement by Neurofeedback Facilitates Short-term 

Perceptual Learning and Improves Visual Acuity through Facilitated Consolidation," demonstrated that NF can 

significantly boost alpha rhythm activity in the visual cortex, thereby improving Visual Acuity (VA) and perceptual 

learning. This review explores these findings, focusing on how NF-induced alpha rhythm enhancement primes the 

brain to achieve efficient learning and long-term retention of visual improvements. The NF group in our study 

showed improvements in VA and Contrast Sensitivity (CS) that surpassed those in a control group receiving only 

visual training. The insights gained hold implications for advancing personalized vision therapies, especially for 

individuals seeking non-invasive alternatives to conventional treatments like corrective lenses or surgery. This review 

highlights the role of NF as a potential foundation in sensory rehabilitation, with broader applications across sensory 

and cognitive domains.
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INTRODUCTION
The search for innovative, non-invasive solutions in vision 
restoration has gained momentum as traditional methods such 
as corrective lenses and surgery primarily address structural 
issues in the eye without targeting the brain’s role in visual 
perception. Traditional vision correction techniques, such as 
LASIK or eyeglasses, focus on reshaping the cornea or adjusting 
the focal length but do not address the neural underpinnings 
that contribute to long-term improvements in visual 
performance. Thus, patients often face recurrent adjustments or 
repeated interventions, which, while beneficial, are not 
necessarily permanent. Recently, an approach called perceptual 
learning has been suggested for vision restoration. Perceptual 
learning is the process of becoming more accurate in processing 
incoming sensory stimuli. This approach is based on the 
plasticity of the brain visual system and involves repetition of 
specific tasks to improve visual function. This may allow for 
sustained improvements in vision, maintained with continued

adequate training. Perceptual learning, which usually requires a 
long training period, may be shortened by optimizing brain 
state. NeuroFeedback (NF) has attracted attention because it is 
expected to enhance the natural plasticity or learning efficiency 
of the brain by regulating brain activity in real time. This 
modulation allows individuals to engage in self-regulation of 
specific brain rhythms. NF has shown particular potential in 
modulating alpha rhythms, which are closely linked to sensory 
processing, attentional control, and cognitive flexibility [1].

Alpha rhythms, typically oscillating within a frequency range of 
8-13 Hz, play a critical role in regulating attentional processes 
and visual processing, serving as a filter to prioritize relevant 
sensory information while suppressing irrelevant stimuli [2]. This 
filtering function of alpha oscillations makes them particularly 
relevant for perceptual learning, as it allows for enhanced focus 
and sensitivity to visual tasks. Our recent study demonstrated 
how enhancement of alpha rhythm activity in the visual cortex 
through NF can significantly improve visual perceptual learning 
and overall visual function, particularly Visual Acuity (VA) and
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importance of alpha modulation in supporting durable learning 
effects, likely by strengthening synaptic connections involved in 
visual processing.

Our findings support the notion that NF can enhance 
perceptual learning through targeted modulation of neural 
activity. This opens the door to more effective vision therapies 
and underscores the potential of alpha rhythm modulation as a 
critical factor in optimizing perceptual learning outcomes for 
various visual and sensory disorders.

DISCUSSION

Mechanisms and clinical implications

The sustained gains observed in our NF-trained participants 
suggest that neurofeedback may promote lasting changes in the 
neural circuits associated with visual processing. Studies suggest 
that enhanced alpha power can reduce background noise in the 
brain, allowing the visual cortex to focus on relevant stimuli, and 
improve perceptual acuity by selectively amplifying certain neural 
pathways [7,8]. This aligns with our findings, where NF not only 
improved immediate learning but also facilitated retention. 
Additionally, the cumulative effect of NF sessions suggests that 
with repeated practice, participants’ brains may continue to 
optimize their response to visual stimuli over time. Investigating 
the optimal frequency, duration, and spacing of NF sessions is 
essential for understanding how these parameters influence 
perceptual gains and for developing standardized protocols for 
clinical application.

Moreover, NF's potential to influence cross-modal plasticity 
suggests broader applications beyond vision. Alpha rhythm 
modulation has been linked to sensory processing across 
multiple modalities, including auditory and tactile learning. 
Given that many sensory functions share overlapping neural 
circuits, NF could theoretically be applied to enhance 
multisensory integration, a crucial function for tasks that require 
simultaneous processing of multiple stimuli. For example, 
auditory-visual integration is essential for activities like lip-
reading or interpreting visual cues in noisy environments [9]. 
Thus, by expanding NF’s application to other sensory domains, 
we can further explore its potential in neurorehabilitation for 
patients with multi-sensory deficits.

Future research opportunities

While our study successfully demonstrated NF's impact on short-
term improvements in VA and CS, additional research is needed 
to fully understand its long-term implications and broader 
applicability. Future studies should investigate whether sustained 
NF training leads to permanent structural changes in the brain, 
particularly within the visual cortex and adjacent areas involved 
in sensory processing. Longitudinal studies would be beneficial 
to observe how neural adaptations evolve over time and to 
determine the permanence of NF-induced improvements. 
Another promising direction involves combining NF with other 
non-invasive brain stimulation techniques, such as Transcranial 
Magnetic Stimulation (TMS) or transcranial Direct Current 
Stimulation (tDCS), to assess whether these combined approaches

Contrast Sensitivity (CS) [3]. This review will delve into the 
mechanisms by which NF influences these outcomes and explore 
its broader potential applications in clinical ophthalmology.

LITERATURE REVIEW

Neurofeedback and vision restoration

The role of NF in vision restoration is innovative in that it 
targets the brain's plasticity and enhances its ability to process 
and adapt to sensory stimuli. NF enables individuals to increase 
or decrease specific brainwave frequencies through a process of 
operant conditioning, with real-time feedback provided to the 
participant to guide their mental focus and regulate their alpha 
rhythms. This method has already demonstrated potential in 
treating conditions where neural plasticity plays a key role, such 
as post-stroke rehabilitation and motor learning [4]. Given these 
successes, applying NF to visual training represents a logical and 
innovative extension. Alpha waves, oscillating between 8-13 Hz, 
are closely linked to the integration of sensory and cognitive 
processes. In the context of vision, these waves facilitate the 
ability to focus on relevant visual information, a process integral 
to tasks requiring sustained attention and detail, such as reading 
and recognizing objects [5].

Our recent study demonstrated that NF can increase alpha 
power in the visual cortex, a finding that suggests an 
improvement in the brain's preparatory state for visual learning 
tasks. Specifically, we employed Gabor Patch (GP) training-a well-
recognized method in perceptual learning research-to evaluate 
the effectiveness of NF in enhancing visual function. The NF 
group, which combined GP training with NF sessions, showed 
substantial improvements in VA and CS when compared to the 
control group, which received GP training alone. This outcome 
suggests that NF acts as a "warm-up" for the brain, enabling it to 
optimize its response to visual training stimuli. Such 
improvements highlight the unique potential of NF as a non-
invasive therapeutic option for those with visual impairments 
seeking to maximize the brain's adaptive potential through 
perceptual learning [6].

Key findings from our study

The NF study participants consistently outperformed the control 
group in both VA and CS, with improvements sustained across 
multiple sessions. These key outcomes can be summarized in two 
primary findings:

Accelerated visual learning: The NF group demonstrated an 
accelerated rate of improvement in both VA and CS, likely due 
to the enhancement of alpha rhythm activity. By priming the 
visual cortex, NF facilitated faster and more effective learning, 
enabling participants to achieve significant gains in visual 
performance compared to those in the control group.

Enhanced learning consolidation: One of the most significant 
findings was the long-term retention of gains achieved through 
NF training. NF-trained participants maintained these 
improvements across sessions, whereas the control group’s gains 
were less durable and limited in magnitude. This highlights the
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redefine our approach to personalized, non-invasive treatments
in neurorehabilitation and beyond. The integration of NF into
clinical practices could soon transform treatment paradigms,
offering substantial benefits to individuals across a range of
sensory and cognitive health concerns.
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approaches yield enhanced outcomes in perceptual learning. 
Studies have shown that TMS, for example, can improve neural 
plasticity, while tDCS has been shown to modulate cortical 
excitability [10]. Combining these methods with NF could 
potentially amplify the benefits of alpha rhythm enhancement, 
facilitating deeper and more lasting improvements [11].

Furthermore, NF’s role in cognitive enhancement could be 
explored beyond sensory rehabilitation. As NF has shown 
potential in improving attention and working memory in 
populations with cognitive deficits, applying NF-based alpha 
rhythm modulation could benefit individuals with attention-
deficit disorders, age-related cognitive decline, or even 
depression. The exploration of NF for emotional regulation, 
mood improvement, and stress reduction also holds potential 
for expanding its impact on mental health. Future 
interdisciplinary studies integrating NF with cognitive-behavioral 
interventions could help establish NF as a key component in 
multi-faceted approaches to treating cognitive and emotional 
disorders, thereby expanding its application well beyond sensory 
enhancement.

CONCLUSION
Our findings provide strong evidence supporting neurofeedback 
as a transformative, non-invasive tool for enhancing visual 
perceptual learning. Through alpha rhythm modulation, NF not 
only accelerates the learning process but also promotes lasting 
improvements in visual acuity and contrast sensitivity, offering a 
new avenue for individuals seeking alternatives to traditional 
corrective therapies. NF’s adaptability and compatibility with 
precision medicine make it a patient-friendly alternative, one 
that has the potential to become a foundational component in 
sensory rehabilitation. The implications of NF go beyond vision, 
extending to multisensory integration and even cognitive 
enhancement, providing an exciting horizon for its use in 
various therapeutic domains. As this technology continues to 
evolve, its impact on both sensory and cognitive health could
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