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Neural Interfaces: Connecting Brains to 

Computers 

In the modern age, technology has drastically reshaped how we interact with 

the world. From smartphones that put the internet in our pockets to artificial 

intelligence systems that can mimic human decision-making, we are 

surrounded by groundbreaking innovations. However, one area of 

technological development stands poised to redefine human potential in ways 

we’ve only dreamed of: neural interfaces. These systems, which establish a 

direct connection between the brain and external devices, are making the 

possibility of merging human cognition with machines a reality. 

Neural interfaces, also known as brain-computer interfaces (BCIs), are 

revolutionizing everything from medical treatment to communication and 
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even entertainment. They have the potential to help individuals with 

disabilities regain control over their bodies, allow for more immersive gaming 

experiences, and even enable communication between individuals without the 

need for speech or physical movement. As research progresses, it’s clear that 

these interfaces could blur the lines between human and machine, leading us 

into a future where the mind could extend beyond the confines of the body. 

What is a Neural Interface? 

A neural interface is a direct communication pathway between the brain and 

an external device. This interface allows the brain to send and receive signals 

from technology, bypassing the traditional methods of interaction such as 

speaking, moving, or typing. The concept of a neural interface has been 

around for decades, but only in recent years has it moved from the realm of 

science fiction to tangible reality. 

There are two main types of neural interfaces: invasive and non-invasive. 

• Invasive neural interfaces involve surgically implanting electrodes 

directly into the brain. These devices provide a more precise and 

reliable connection, allowing for complex signals to be transmitted 

with high fidelity. However, the invasiveness of these procedures 

raises concerns about safety, ethical implications, and long-term 

effects on the brain. 

• Non-invasive neural interfaces work by detecting brain activity from 

outside the skull, using technologies such as electroencephalography 

(EEG) or functional near-infrared spectroscopy (fNIRS). While non-

invasive interfaces are less accurate and offer lower resolution, they 

are much safer and easier to implement, making them a more 

accessible option for broader applications. 

In both cases, the goal is to harness the brain’s electrical signals and convert 

them into meaningful data that can be interpreted by machines. This opens 

the door to a host of new possibilities, including mind-controlled prosthetics, 

direct communication between humans and computers, and even enhanced 

cognitive abilities. 
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Brain-Computer Interfaces for Cognitive 
Enhancement: A Comprehensive Guide 
to Non-Invasive Techniques 

The Dawn of Cognitive Enhancement: Non-Invasive BCIs 

In an era defined by relentless technological advancement, the quest to augment human 
capabilities has extended beyond the physical realm and into the intricate landscape of 
the mind. Brain-Computer Interfaces (BCIs), once relegated to the realm of science 
fiction, are rapidly emerging as a tangible reality, offering the tantalizing prospect of 
directly interfacing with and enhancing our cognitive functions. While invasive BCI 
techniques, requiring surgical implantation, have garnered attention for their potential in 
treating neurological disorders, it is the realm of non-invasive BCIs that holds particular 
promise for broader application in cognitive enhancement for healthy individuals. 

This article delves into the landscape of these non-invasive technologies, exploring their 
mechanisms, applications, ethical considerations, and future potential. Non-invasive BCIs 
represent a paradigm shift in our approach to human augmentation. Unlike their invasive 
counterparts, these technologies operate by recording brain activity externally, using 
methods such as electroencephalography (EEG), functional near-infrared spectroscopy 
(fNIRS), and transcranial magnetic stimulation (TMS). This external approach significantly 
reduces the risks associated with surgery, making cognitive enhancement accessible to a 
wider population. 

Imagine a world where individuals can enhance their focus, improve their memory, or 
accelerate learning simply by using a device that sits comfortably on their head – this is 
the promise of non-invasive BCIs. The convergence of Neuroscience, Artificial Intelligence, 
and advanced engineering is fueling the rapid development of non-invasive BCI systems. 
Sophisticated algorithms, powered by Artificial Intelligence, are now capable of decoding 
complex brain signals with increasing accuracy. This allows for real-time feedback and 
control, enabling users to engage in Neurofeedback training to optimize specific 
brainwave patterns associated with enhanced Cognitive Performance. 

Furthermore, advancements in sensor technology are leading to more portable and user-
friendly BCI devices, paving the way for widespread adoption in everyday life. The 
potential impact extends beyond individual enhancement, offering new avenues for Brain 
Training, education, and even workplace productivity. The exploration of Non-invasive BCI 
for Cognitive Enhancement is not without its challenges, but the potential benefits are 
too significant to ignore. As we unlock the secrets of the brain and refine our ability to 
interface with it, we stand on the cusp of a cognitive revolution. This revolution promises 
to redefine the limits of human potential, empowering individuals to learn, adapt, and 
thrive in an increasingly complex world. The responsible development and ethical 
deployment of these technologies will be crucial to ensuring that the benefits are shared 
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equitably and that the risks are carefully managed. This article aims to provide a 
comprehensive overview of this exciting and rapidly evolving field. 

Decoding the Mind: Key Non-Invasive BCI Technologies 

Non-invasive Brain-Computer Interfaces (BCIs) present a compelling frontier in cognitive 
enhancement, offering methods for communication and control via brain activity without 
surgical intervention. These technologies leverage the intricate relationship between 
neural activity and cognitive function, providing avenues for both understanding and 
augmenting human intellect. The allure of non-invasive BCIs lies in their potential to 
improve cognitive performance across diverse populations, from healthy individuals 
seeking optimization to those with neurological disorders requiring rehabilitation. This 
burgeoning field draws heavily from neuroscience, artificial intelligence, and advanced 
signal processing techniques to decode and modulate brain activity effectively. 

Electroencephalography (EEG) stands as a cornerstone of non-invasive BCI technology. 
EEG-based BCIs capture electrical activity along the scalp, discerning subtle shifts in 
brainwave patterns that correlate with distinct cognitive states or intentions. The relative 
affordability and portability of EEG make it a widely accessible tool for BCI research and 
applications. However, EEG’s susceptibility to noise and limited spatial resolution present 
ongoing challenges. Sophisticated signal processing algorithms, often powered by artificial 
intelligence, are crucial for extracting meaningful information from EEG data and 
translating it into actionable commands for Brain Training or other cognitive 
enhancement protocols. 

Neurofeedback, a specific application of EEG, allows individuals to learn to self-regulate 
their brain activity, potentially improving attention, focus, and emotional control. 
Functional Near-Infrared Spectroscopy (fNIRS) provides a complementary approach, 
utilizing near-infrared light to measure changes in blood flow within the brain, thus 
indirectly reflecting neural activity. fNIRS offers better spatial resolution than EEG and is 
less susceptible to certain types of artifacts, making it suitable for applications requiring 
precise localization of brain activity. Researchers are actively exploring fNIRS-based BCIs 
for cognitive enhancement tasks, such as improving working memory and decision-
making. 

The integration of fNIRS with artificial intelligence algorithms is enabling the development 
of more sophisticated and adaptive BCI systems that can personalize cognitive training 
protocols based on an individual’s unique brain activity patterns. Transcranial Magnetic 
Stimulation (TMS), while sometimes employed therapeutically, also serves as a valuable 
non-invasive BCI technique. TMS utilizes magnetic pulses to stimulate or inhibit specific 
brain regions, modulating neural activity and potentially enhancing cognitive functions. 
Unlike EEG and fNIRS, which primarily record brain activity, TMS directly influences neural 
circuits. 

This capability makes TMS a powerful tool for investigating the causal relationships 
between brain activity and cognitive processes. Researchers are exploring the use of TMS 
to enhance memory consolidation, improve attention, and even modulate emotional 
responses. However, ethical considerations surrounding the use of TMS for cognitive 
enhancement are paramount, necessitating careful consideration of potential risks and 
benefits. These technologies, alongside emerging methods, are propelling the field of 
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Human Augmentation forward, demanding a comprehensive understanding of both their 
capabilities and limitations. 

Unlocking Potential: Applications in Cognitive Enhancement 

The potential applications of non-invasive BCIs for cognitive enhancement are vast and 
varied, spanning memory improvement, attention modulation, and accelerated learning. 
Memory enhancement strategies using Brain-Computer Interface technology are garnering 
significant attention. Researchers are exploring EEG-based Neurofeedback protocols to 
boost memory encoding by training individuals to modulate specific brainwave patterns 
associated with successful memory formation. Furthermore, studies employing 
transcranial magnetic stimulation (TMS), a non-invasive brain stimulation technique, are 
investigating its capacity to strengthen memory consolidation processes during sleep, 
potentially leading to long-term retention of learned information. 

The ultimate goal is to create personalized Brain Training regimens tailored to an 
individual’s unique cognitive profile, optimizing their memory performance. Attention 
training represents another compelling avenue for Non-invasive BCI applications. 
Individuals struggling with attention deficits, or those simply seeking to optimize their 
focus, can benefit from real-time feedback on their attention levels via EEG. This 
Neurofeedback allows users to consciously regulate their brain activity, promoting 
enhanced concentration and reducing mind-wandering. Beyond clinical applications, this 
technology holds promise for improving cognitive performance in demanding professions, 
such as air traffic control or surgery, where sustained attention is paramount. 

Emerging research also explores the integration of Artificial Intelligence algorithms to 
personalize attention training protocols, adapting the difficulty and feedback mechanisms 
to maximize individual learning outcomes. Learning acceleration, facilitated by BCIs, could 
revolutionize education and professional development. Imagine students using EEG-based 
BCIs to optimize their study sessions by identifying periods of peak cognitive readiness 
and tailoring their learning strategies accordingly. Or consider professionals leveraging 
TMS to enhance their problem-solving abilities by modulating activity in prefrontal cortex 
regions associated with executive functions. 

While still in its early stages, research suggests that BCIs can facilitate faster and more 
efficient acquisition of new skills and knowledge by optimizing neural plasticity and 
strengthening relevant neural pathways. The fusion of Neuroscience, Artificial Intelligence, 
and Brain-Computer Interface technology promises to unlock unprecedented levels of 
Human Augmentation, empowering individuals to reach their full cognitive potential. 
Furthermore, fNIRS-based BCIs are emerging as a viable alternative, offering improved 
spatial resolution for certain cognitive tasks compared to EEG. 

Real-World Glimpses: Case Studies and Examples 

Several real-world examples and case studies highlight the potential of non-invasive 
BCIs. One study demonstrated that EEG-based neurofeedback training could improve 
working memory capacity in healthy adults, a finding replicated across multiple 
independent labs. Another showed that fNIRS-based BCIs could be used to control a 
computer cursor with thought, offering a potential assistive technology for individuals 
with motor impairments. While these examples are primarily research-based, they offer a 
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glimpse into the future of cognitive enhancement, showcasing the feasibility of 
translating neuroscience into practical applications. 

Beyond assistive technologies, the application of non-invasive BCI extends to optimizing 
cognitive performance in various professional settings. For instance, EEG-based brain 
training protocols are being explored to enhance attention and focus in air traffic 
controllers, potentially reducing errors and improving safety. Similarly, studies are 
investigating the use of transcranial magnetic stimulation (TMS), a non-invasive 
neuromodulation technique, to improve reaction time and decision-making in athletes, 
offering a competitive edge through targeted human augmentation. These applications 
highlight the potential of BCIs to move beyond rehabilitation and into the realm of peak 
performance. 

Furthermore, the integration of Artificial Intelligence is accelerating the development and 
efficacy of non-invasive BCI systems. AI algorithms are being used to decode complex 
brain activity patterns with greater accuracy, enabling more sophisticated control and 
feedback mechanisms. For example, machine learning models can personalize 
neurofeedback protocols based on an individual’s unique brainwave characteristics, 
optimizing the effectiveness of brain training for cognitive enhancement. This synergistic 
relationship between AI and neuroscience promises to unlock new frontiers in BCI 
technology and its applications for improving cognitive function. 

Navigating the Ethical Minefield: Considerations for Responsible 
Development 

The development and deployment of non-invasive BCIs raise profound ethical 
considerations that demand careful scrutiny. Privacy is paramount; these technologies, 
particularly EEG-based systems, possess the capacity to decode sensitive neural data, 
potentially revealing an individual’s thoughts, emotions, and even subconscious biases. 
The unregulated collection and analysis of such data could lead to unprecedented 
invasions of privacy, necessitating robust data protection protocols and stringent 
oversight mechanisms. As Dr. Nita Farahany, a leading scholar on the ethics of emerging 
technologies, warns, ‘We must proactively establish ethical boundaries to prevent the 
misuse of brain data and safeguard individual autonomy in the age of cognitive 
enhancement.’ 

Autonomy represents another critical ethical frontier. While non-invasive BCIs, including 
those utilizing fNIRS or TMS, hold immense promise for cognitive enhancement and brain 
training, their application must not compromise an individual’s sense of self-control and 
agency. The potential for external manipulation of cognitive processes raises concerns 
about coercion and undue influence. Imagine a future where employers subtly utilize BCIs 
to enhance employee productivity without explicit consent, blurring the lines between 
voluntary participation and involuntary compliance. 

Safeguarding individual autonomy requires establishing clear guidelines for informed 
consent and ensuring that BCI use remains a personal choice, free from external 
pressures. Equity and access constitute a third ethical pillar. The benefits of non-invasive 
BCI technologies for cognitive performance, including neurofeedback, must be accessible 
to all, not just a privileged few. Unequal access to these technologies could exacerbate 
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existing societal inequalities, creating a ‘cognitive divide’ where those with resources can 
further enhance their cognitive abilities while others are left behind. 

Addressing this challenge requires proactive measures to promote equitable access, such 
as subsidized BCI programs for underserved communities and open-source initiatives to 
democratize BCI technology. The ethical imperative is clear: cognitive enhancement 
should serve to uplift all of humanity, not just a select segment. Furthermore, the 
integration of artificial intelligence in BCI systems introduces algorithmic bias as a 
significant concern, potentially leading to skewed or discriminatory outcomes in cognitive 
enhancement applications. Continuous monitoring and mitigation strategies are crucial to 
ensure fairness and prevent the perpetuation of societal biases. 

Finally, the very definition of ‘enhancement’ needs careful ethical consideration. What 
constitutes an improvement in cognitive function, and who gets to decide? A focus solely 
on metrics like speed or accuracy may neglect other crucial aspects of human cognition, 
such as creativity, empathy, and critical thinking. A holistic approach to cognitive 
enhancement should prioritize well-being and personal fulfillment, rather than simply 
maximizing cognitive output. This requires a multidisciplinary dialogue involving 
neuroscientists, ethicists, policymakers, and the public to establish a shared 
understanding of responsible BCI development and deployment, ensuring that human 
augmentation serves the best interests of individuals and society as a whole. 

Addressing the Challenges: Limitations and Obstacles 

Despite their considerable promise, non-invasive Brain-Computer Interfaces (BCIs) 
encounter several limitations that impede widespread adoption and optimal Cognitive 
Enhancement. Signal quality remains a paramount challenge; the electrical signals 
captured via Electroencephalography (EEG) or the hemodynamic responses measured by 
functional Near-Infrared Spectroscopy (fNIRS) are inherently weak and susceptible to 
noise from various sources, including ambient electrical activity and physiological 
artifacts like muscle movements. This noisy data makes it difficult for Artificial 
Intelligence algorithms to accurately decode intended brain activity, thus reducing the 
reliability and precision of BCI control. 

As Dr. Anya Sharma, a leading neuroscientist at MIT, notes, “Improving signal-to-noise 
ratio is crucial. We’re exploring advanced signal processing techniques and novel sensor 
designs to extract meaningful information from these complex neural signals.” Individual 
variability poses another significant hurdle to effective non-invasive BCI deployment. 
Brain activity patterns differ markedly from person to person due to variations in 
neuroanatomy, cognitive strategies, and prior experience. This inter-subject variability 
necessitates personalized calibration and extensive training periods to achieve 
satisfactory BCI performance. 

A BCI system optimized for one individual may prove entirely ineffective for another 
without significant adaptation. Furthermore, intra-subject variability – fluctuations in 
brain activity within the same individual over time – further complicates matters. Factors 
such as fatigue, stress, and even subtle shifts in attention can significantly impact BCI 
performance, requiring adaptive algorithms that can dynamically adjust to these changing 
neural states. This is especially important when considering BCIs for long-term cognitive 
training. The long-term effects of repeated or prolonged non-invasive BCI use remain 
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largely unknown, raising legitimate concerns about potential risks to brain health and 
function. 

While non-invasive techniques are generally considered safe, the repeated induction of 
specific brain states or the constant feedback loop inherent in Neurofeedback training 
could potentially lead to unintended neural plasticity or even maladaptive brain changes. 
Studies investigating the long-term impact of intensive Brain Training programs based on 
BCI feedback are still ongoing, and preliminary results suggest the need for careful 
monitoring and individualized protocols. It is critical to determine whether these 
technologies, intended for Cognitive Enhancement, might inadvertently induce cognitive 
biases or negatively impact other aspects of cognitive performance. 

Adding to these challenges is the limited spatial resolution of many non-invasive BCI 
techniques. EEG, for example, while offering excellent temporal resolution, provides 
relatively poor spatial localization of brain activity due to the smearing effect of the skull 
and scalp. This makes it difficult to target specific brain regions with precision. While 
fNIRS offers better spatial resolution than EEG, it is still limited compared to invasive 
techniques like electrocorticography (ECoG). The development of hybrid BCI systems that 
combine multiple non-invasive modalities, along with advanced source localization 
algorithms, holds promise for improving spatial resolution and enhancing the accuracy of 
brain activity decoding. Addressing these limitations is crucial for unlocking the full 
potential of non-invasive BCIs for cognitive enhancement and a wide range of other 
applications. 

The Horizon Beckons: Future Potential and Emerging Trends 

The horizon for non-invasive Brain-Computer Interface (BCI) technology gleams with 
promise, fueled by relentless research and development that is steadily yielding more 
refined and accessible tools for cognitive enhancement. A key driver of this progress lies 
in the synergistic application of advanced signal processing techniques and artificial 
intelligence (AI) algorithms. These computational methods are drastically improving the 
accuracy and reliability of BCI systems, enabling the extraction of meaningful insights 
from complex neural data acquired through modalities like EEG and fNIRS. 

This enhanced signal fidelity translates directly into more effective neurofeedback 
protocols and brain training paradigms, ultimately leading to measurable gains in 
cognitive performance across diverse domains. The convergence of AI and neuroscience is 
not just refining existing BCI technologies but also paving the way for entirely new 
approaches to human augmentation. Furthermore, the evolution of materials science and 
sensor technology is revolutionizing the user experience of non-invasive BCIs. Traditional 
EEG caps, often cumbersome and uncomfortable, are being replaced by sleek, wearable 
devices incorporating dry electrodes and advanced microfabrication techniques. 

These innovations not only enhance user comfort and portability but also improve signal 
quality by minimizing impedance and susceptibility to artifacts. Similarly, advancements 
in fNIRS technology are leading to more compact and energy-efficient devices suitable for 
real-world deployment. The development of transcranial magnetic stimulation (TMS) 
methodologies is also experiencing a renaissance, allowing for more precise and targeted 
neuromodulation, thereby enhancing its potential for cognitive enhancement applications. 
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These hardware improvements are critical for democratizing access to BCI technology 
and fostering its widespread adoption. 

The integration of BCIs with virtual reality (VR) and augmented reality (AR) platforms is 
unlocking unprecedented opportunities for immersive and interactive cognitive training. 
Imagine a VR environment that dynamically adapts to a user’s cognitive state, as 
measured by a BCI, to provide personalized challenges and feedback designed to optimize 
learning and memory. Such closed-loop systems hold immense potential for enhancing 
cognitive skills in various contexts, from education and rehabilitation to professional 
training and gaming. For instance, surgeons could use BCI-enhanced VR simulations to 
hone their skills in a safe and controlled environment, while individuals with attention 
deficits could benefit from AR-based neurofeedback games that promote focus and 
concentration. These integrated technologies are blurring the lines between the physical 
and digital worlds, creating powerful new tools for cognitive enhancement and 
personalized learning. As these technologies mature, they have the potential to 
fundamentally transform the way we learn, work, and interact with the world, ushering in 
a new era of cognitive augmentation. 

Expert Perspectives: A Balanced View of the Future 

Expert opinions on the future of non-invasive BCIs are generally optimistic, but also 
cautiously tempered by the realities of current technological limitations and ethical 
quandaries. Neuroscientists, for example, consistently emphasize the critical need for 
rigorous scientific validation, particularly regarding claims of cognitive enhancement. They 
argue that many existing studies lack the robust controls and large sample sizes 
necessary to definitively prove the efficacy and safety of these interventions. 
Furthermore, there’s a call for standardized methodologies across studies to allow for 
meaningful comparisons and meta-analyses, ensuring that the promise of Brain-
Computer Interface technology doesn’t outpace the science underpinning it. 

The long-term effects of repeated BCI use also warrant careful investigation, especially 
concerning potential impacts on brain plasticity and overall neurological health. Ethicists, 
meanwhile, stress the importance of proactively addressing the complex ethical 
considerations surrounding BCI use, particularly as these technologies become more 
sophisticated and integrated into everyday life. Concerns about data privacy, cognitive 
liberty, and equitable access are paramount. The potential for misuse, such as 
involuntary cognitive enhancement or the creation of cognitive divides based on access to 
BCI technology, necessitates careful consideration. 

Moreover, the question of informed consent becomes increasingly nuanced as BCIs 
potentially alter an individual’s cognitive state and decision-making capacity. The 
development of clear ethical guidelines and regulatory frameworks is therefore crucial to 
prevent potential harms and ensure responsible innovation in the field of Human 
Augmentation. Policy experts highlight the urgent need for clear regulatory frameworks to 
govern the development, deployment, and use of BCIs. Current regulations often lag 
behind technological advancements, creating a vacuum that could be exploited. 

These frameworks should address issues such as data security, device safety, and the 
responsible marketing of cognitive enhancement products. Moreover, policymakers need 
to consider the broader societal implications of widespread BCI adoption, including 
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potential impacts on employment, education, and social equity. A balanced approach, 
combining scientific rigor, ethical awareness, and policy foresight, is essential to realizing 
the full potential of non-invasive BCIs, such as those utilizing EEG, fNIRS, and TMS for 
Cognitive Enhancement and Brain Training, while mitigating potential risks and ensuring 
equitable access to these transformative technologies. The intersection of Neuroscience, 
Artificial Intelligence, and Non-invasive BCI technology requires careful navigation to 
maximize Cognitive Performance benefits. 

Policy and Governance: Shaping the Future of BCIs 

Government officials and policy experts are increasingly aware of the transformative 
potential and societal implications of Brain-Computer Interfaces (BCIs), prompting 
exploration into frameworks that foster responsible innovation. Funding agencies 
worldwide are strategically investing in research and development initiatives aimed at 
accelerating the advancement of BCI technologies, particularly non-invasive BCI methods 
like EEG and fNIRS. These investments are designed to unlock the potential of BCIs for 
Cognitive Enhancement, Brain Training, and improvements in Cognitive Performance 
across various domains, from education to healthcare. 

Regulatory bodies are actively considering how to adapt existing regulations, or create 
new ones, to address the unique challenges and ethical considerations posed by BCIs, 
ensuring user safety and data privacy remain paramount. As BCIs transition from research 
labs to real-world applications, policy discussions are broadening to encompass issues of 
accessibility, equity, and potential misuse. The integration of Artificial Intelligence (AI) 
with BCIs, for example, raises complex questions about algorithmic bias and the potential 
for AI-driven cognitive augmentation to exacerbate existing societal inequalities. 

Policymakers are grappling with how to ensure that BCI technologies are developed and 
deployed in a manner that promotes inclusivity and benefits all members of society, not 
just a privileged few. This includes considering the implications for employment, 
education, and access to healthcare, particularly for individuals with disabilities who 
could greatly benefit from BCI-enabled assistive technologies. International collaborations 
are becoming increasingly vital in shaping the future of BCI policy and governance. These 
collaborations facilitate the sharing of knowledge, best practices, and ethical frameworks 
across borders, ensuring a harmonized approach to BCI development and regulation. 

Initiatives like the International Brain Initiative are fostering dialogue and cooperation 
among researchers, policymakers, and industry stakeholders to address common 
challenges and promote responsible innovation in the field of Neuroscience and Human 
Augmentation. A proactive and collaborative approach is essential to navigate the 
complex ethical, legal, and societal implications of BCIs, ensuring that these powerful 
technologies are developed and used in a way that maximizes their benefits while 
minimizing potential risks. Furthermore, continuous monitoring of technological 
advancements, such as improvements in TMS and Neurofeedback techniques, is crucial 
for adapting policies to keep pace with the rapidly evolving landscape of BCI technology. 

The Cognitive Revolution: Embracing the Potential of Non-Invasive BCIs 

Non-invasive Brain-Computer Interfaces (BCIs) stand poised to revolutionize cognitive 
enhancement, presenting a non-surgical avenue to amplify human capabilities. While 
ethical considerations and technological limitations warrant careful attention, relentless 
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research and development efforts are progressively expanding the horizons of what’s 
achievable. These advancements span improvements in signal processing, the creation of 
more comfortable and effective hardware, and the refinement of cognitive training 
paradigms. The convergence of Neuroscience, Artificial Intelligence, and advanced 
materials science is accelerating the development of sophisticated BCIs, promising 
personalized cognitive enhancement strategies tailored to individual brain profiles. 

Specifically, the integration of Artificial Intelligence is proving crucial in decoding complex 
brain signals obtained from Non-invasive BCI methods like EEG and fNIRS. AI algorithms 
can identify subtle neural patterns associated with specific cognitive states, enabling 
real-time Neurofeedback interventions to improve focus, memory, and other cognitive 
functions. Brain Training protocols, guided by BCI feedback, are showing promise in 
enhancing Cognitive Performance in both healthy individuals and those with cognitive 
impairments. Furthermore, emerging techniques like transcranial magnetic stimulation 
(TMS), when combined with BCI technology, offer targeted neuromodulation to optimize 
brain circuits involved in learning and memory. 

Looking ahead, a commitment to responsible innovation, underpinned by robust ethical 
frameworks and collaborative governance, will be paramount to harnessing the full 
potential of these technologies. Addressing concerns around data privacy, cognitive 
liberty, and equitable access is crucial to ensure that BCIs are deployed in a manner that 
benefits all of society. As we venture further into the realm of Human Augmentation 
through Non-invasive BCIs, fostering open dialogue between researchers, policymakers, 
and the public will be essential to navigate the complex ethical landscape and unlock a 
future where cognitive enhancement is accessible, safe, and beneficial for everyone. The 
journey into the mind’s untapped potential has only just begun, and the transformative 
possibilities are immen 
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Abstract  
Mind-uploading, the vision of transferring human consciousness into a digital realm, relies on a profound 
comprehension of the brain and cutting-edge technology. Non-invasive cognitive Brain-Computer Interfaces (BCI) 
offer a promising avenue for delving into neural activity and bridging the brain-machine gap. This research explores 
the potential of non-invasive cognitive BCI in realizing mind-uploading through a systematic literature review (SLR), 
analyzing recent research that focuses on its current progress and implications for mind-uploading. The SLR unveils 
significant strides in non-invasive cognitive BCI, demonstrating increased precision in recording and decoding 
cognitive processes and fostering a deeper understanding of these processes. This progress is attributed to a 
diverse range of emerging feature extraction and decoding methods, transforming subtle neural signals into 
interpretable commands. Notably, advancements in signal processing and neuroimaging techniques enhance 
communication speed and clarity between the brain and computer. Furthermore, the development of cost-effective 
methods, frameworks, and hardware holds the promise of broader accessibility to BCI technology. However, 
significant hurdles remain. The computational demands of current cognitive BCI systems pose a substantial 
challenge, while the scarcity of high-quality training datasets hampers algorithm development and accuracy. The 
poor signal quality causes difficulties in recording neural complexity and hampers accuracy. In conclusion, non-
invasive cognitive BCI has significant potential to pave the way for mind-uploading. However, its limitations, make 
their capabilities remain insufficient to fully realize this ambitious vision. This highlights the critical need for 
sustained research and innovation to bridge the gap between current understanding and the exciting realm of mind-
uploading. 

 

 
 

 

 

 Scientists Can Now Upload Knowledge 

Directly Into Your Brain 
Downloading knowledge straight into your brain has been a dream for many, from 

scientists who want to learn new disciplines to high school kids who think Cliff Notes 

are too much work. And, at least for some tasks, it may be possible, at least if a new 

announcement has any merit. 

A team from HRL Laboratories studied the brainwaves of a trained pilot, carefully 

recording his brain activity. Then they designed a cap that would stimulate those parts 

of the brain as novice pilots used simulators to learn how to fly. The group wearing the 

stimulator cap advanced a third quicker than the control group. Of note, though, they 

had to consistently practice to get the improved results and keep practicing on the 

simulator to make the gains stick. Drinking beer, despite reports, sadly will not help. 

That’s an eyebrow-raising result, but HRL Laboratories is about as legit as it gets. 

It built the first working laser, back in the ’60s, and recently discovered the world’s 

lightest material. If anybody can credibly state they’ve built a hat that gives you more 

skills, it’s these guys. 
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https://www.researchgate.net/figure/Distribution-of-Signal-Processing-Methods_fig2_381796002
https://www.telegraph.co.uk/technology/2016/03/01/scientists-discover-how-to-download-knowledge-to-your-brain/
https://uproxx.com/gammasquad/a-compound-found-in-beer-can-increase-your-intelligence/
https://www.hrl.com/lasers/lsr_laser.html
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That said, though, there are a few questions to be answered. Not even HRL thinks this 

will lead to, say, downloading the entirety of Shakespeare into your brain, at least not 

for a while. The device doesn’t affect memory, it just stimulates the construction of 

neural pathways, so it’s better suited to tasks that require building those pathways, 

like learning a new language or driving a car. We’ll also need to carefully study how this 

affects the brain, as quickly picking up new skills isn’t really worth the cost of 

permanent brain damage. There’s also the matter of physical limits; Neo might know 

kung-fu, but notice he never has to take a shot at somebody outside The Matrix. 

Still, it’s a fascinating breakthrough, and one that might have enormous implications 

for certain skill sets. Sooner than you think, picking up new job skills might be as 

simple as slapping on a hat. Other tasks, like understanding sarcasm, alas, will just 

have to be done the hard way. 

Scientists make 'magic state' breakthrough after 
20 years — without it, quantum computers can 
never be truly useful 

Scientists demonstrate a process called "magic state distillation" in 

logical qubits for the first time, meaning we can now build quantum 

computers that are both error-free and more powerful than 

supercomputers. 

 

In a world first, scientists have demonstrated an enigmatic phenomenon in quantum 
computing that could pave the way for fault-tolerant machines that are far more powerful 
than any supercomputer. 
The process, called "magic state distillation," was first proposed 20 years ago, but its use in 
logical qubits has eluded scientists ever since. It has long been considered crucial for 
producing the high-quality resources, known as "magic states," needed to fulfill the full 
potential of quantum computers. 
Magic states are quantum states prepared in advance, which are then consumed as 
resources by the most complex quantum algorithms. Without these resources, quantum 
computers cannot tap into the strange laws of quantum mechanics to process information 
in parallel. 
Magic state distillation, meanwhile, is a filtering process by which the highest quality magic 
states are "purified" so they can be utilized by the most complex quantum algorithms. 

https://uproxx.com/gammasquad/suuure-our-brains-have-to-work-harder-to-understand-sarcasm-whatever-you-say-science/
https://www.livescience.com/quantum-computing
https://www.livescience.com/quantum-computing
https://arxiv.org/abs/quant-ph/0402171
https://www.livescience.com/33816-quantum-mechanics-explanation.html
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This process has so far been possible on plain, error-prone physical qubits but not on 
logical qubits — groups of physical qubits that share the same data and are configured to 
detect and correct the errors that frequently disrupt quantum computing operations. 

Because magic state distillation in logical qubits has not so far been possible, quantum 
computers that use logical qubits have not been theoretically able to outpace classical 
machines. 

Now, however, scientists with QuEra say they have demonstrated magic state distillation in 
practice for the first time on logical qubits. They outlined their findings in a new study 
published July 14 in the journal Nature. 
"Quantum computers would not be able to fulfill their promise without this process of 
magic state distillation. It's a required milestone." Yuval Boger, chief commercial officer at 
QuEra, told Live Science in an interview. Boger was not personally involved in the research. 

The path to fault-tolerant quantum computing 

Quantum computers use qubits as their building blocks, and they use quantum logic — the 
set of rules and operations that govern how quantum information is processed — to run 
algorithms and process data. But the challenge is running incredibly complex algorithms 
while maintaining incredibly low error rates. 
The trouble is that physical qubits are inherently "noisy," which means calculations are 
often disrupted by factors like temperature changes and electromagnetic radiation. That's 
why so much research has centered on quantum error correction (QEC). 
Reducing errors — which occur at a rate of 1 in 1,000 in qubits versus 1 in 1 million, 
million in conventional bits — prevents disruptions and enables calculations to happen at 
pace. That's where logical qubits come in. 

"For quantum computers to be useful, they need to run fairly long and sophisticated 
calculations. If the error rate is too high, then this calculation quickly turns into mush or to 
useless data," study lead author of the study Sergio Cantu, vice president of quantum 
systems at QuEra, told Live Science in an interview. "The entire goal of error correction is 
to lower this error rate so you could do a million calculations safely." 
Logical qubits are collections of entangled physical qubits that share the same information 
and are based on the principle of redundancy. If one or more physical qubits in a logical 
qubit fail, the calculation isn't disrupted because the information exists elsewhere. 

But logical qubits are extremely limited, the scientists said, because the error-correction 
codes applied to them can only run "Clifford gates" — basic operations in quantum circuits. 
These operations are foundational to quantum circuits, but they're so basic that they can be 
simulated on any supercomputer. 

Only by tapping into high-quality magic states can scientists run "non-Clifford gates" and 
engage in true parallel processing. But generating these is extremely resource-intensive 
and expensive, and has thus far been unachievable in logical qubits. 

https://go.redirectingat.com/?id=92X1590019&xcust=livescience_us_9299943414383880525&xs=1&url=https%3A%2F%2Fwww.nature.com%2Farticles%2Fs41586-025-09367-3&sref=https%3A%2F%2Fwww.livescience.com%2Ftechnology%2Fcomputing%2Fscientists-make-magic-state-breakthrough-after-20-years-without-it-quantum-computers-can-never-be-truly-useful
https://www.researchgate.net/profile/Yuval-Boger
https://www.livescience.com/technology/computing/what-is-a-quantum-bit-qubit
https://www.livescience.com/technology/computing/what-is-quantum-error-correction-qec
https://scholar.google.com/citations?user=yZYYqocAAAAJ&hl=en
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In essence, relying on magic state distillation in physical qubits alone would never lead 
to quantum advantage. For that, we need to distill magic states in logical qubits directly. 

Magic states pave the way for capabilities beyond 

supercomputing 

"Magic states allow us to expand the number and the type of operations that we can do. So 
practically, any quantum algorithm that's of value would require magic states," Cantu said. 

Generating magic states in physical qubits, as we have been doing, is a mixed bag — there 
are low-quality and high-quality magic states — and they need to be refined. Only then, can 
they fuel the most powerful programs and quantum algorithms. 

In the study, using the Gemini neutral-atom quantum computer, the scientists distilled five 
imperfect magic states into a single, cleaner magic state. They performed this separately on 
a Distance-3 and a Distance-5 logical qubit, demonstrating that it scales with the quality of 
the logical qubit. 
"A greater distance means better logical qubits. A Distance-2, for instance, means that you 
can detect an error but not correct it. Distance-3 means that you can detect and correct a 
single error. Distance-5 would mean that you can detect and correct up to two errors, and 
so on, and so on," Boger explained. "So the greater the distance, the higher fidelity of the 
qubit is — and we liken it to distilling crude oil into a jet fuel." 

As a result of the distillation process, the fidelity of the final magic state exceeded that of 
any input. This proved that fault-tolerant magic state distillation worked in practice, the 
scientists said. This means that a quantum computer that uses both logical qubits and high-
quality magic states to run non-Clifford gates is now possible. 

"We're seeing sort of a shift from a few years ago," Boger said. "The challenge was: can 
quantum computers be built at all? Then it wasL can errors be detected and corrected? Us 
and Google and others have shown that, yes, that can be done. Now it's about: can we make 
these computers truly useful? And to make one computer truly useful, other than making 
them larger, you want them to be able to run programs that cannot be simulated on 
classical computers." 

 

 

https://www.livescience.com/technology/computing/what-is-quantum-supremacy
https://www.quera.com/gemini
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Abstract 
 

Mind-uploading, the vision of transferring human consciousness into a digital realm, relies on a 

profound comprehension of the brain and cutting-edge technology. Non-invasive cognitive 

Brain-Computer Interfaces (BCI) offer a promising avenue for delving into neural activity and 

bridging the brain-machine gap. This research explores the potential of non-invasive cognitive 

BCI in realizing mind-uploading through a systematic literature review (SLR), analyzing recent 

research that focuses on its current progress and implications for mind-uploading. The SLR 

unveils significant strides in non-invasive cognitive BCI, demonstrating increased precision in 

recording and decoding cognitive processes and fostering a deeper understanding of these 

processes. This progress is attributed to a diverse range of emerging feature extraction and 

decoding methods, transforming subtle neural signals into interpretable commands. Notably, 

advancements in signal processing and neuroimaging techniques enhance communication speed 

and clarity between the brain and computer. Furthermore, the development of cost-effective 

methods, frameworks, and hardware holds the promise of broader accessibility to BCI 

technology. However, significant hurdles remain. The computational demands of current 

cognitive BCI systems pose a substantial challenge, while the scarcity of high-quality training 

datasets hampers algorithm development and accuracy. The poor signal quality causes 

difficulties in recording neural complexity and hampers accuracy. In conclusion, non-invasive 

cognitive BCI has significant potential to pave the way for mind-uploading. However, its 

limitations, make their capabilities remain insufficient to fully realize this ambitious vision. This 

highlights the critical need for sustained research and innovation to bridge the gap between 

current understanding and the exciting realm of mind-uploading. 
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Neurons use built-in 'backup batteries' 

that fuel the brain under stress 

 

 

 
Model summarizing the findings of this study. Credit: Proceedings of the National Academy of Sciences (2025). DOI: 

10.1073/pnas.2509003122 

A new Yale study has revealed that neurons—the energy-hungry cells that 

connect and direct activity in the brain—are equipped with "backup batteries" 

that kick in to keep the brain running during periods of metabolic stress. 

Writing in the Proceedings of the National Academy of Sciences, researchers 

describe how neurons store their own glycogen, a form of sugar that helps 

neurons stay resilient when their main energy sources falter. 

The findings illustrate how neuron cells can adapt their metabolism, researchers 

say, and could shape new treatments for neurological conditions like stroke, 

neurodegeneration, and epilepsy, all disorders in which energy failure plays a 

role. 

"Traditionally, it was believed that glial cells served as 'energy warehouses,' 

storing glycogen and supplying neurons with fuel as needed," said co-lead 

https://pnas.org/doi/10.1073/pnas.2509003122
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author Milind Singh, a doctoral student in cell biology at the Yale School of 

Medicine (YSM). "But we now know that neurons themselves store glycogen and 

can break it down when the pressure is on. It's like discovering that your car is a 

hybrid—it's not just reliant on gas stations, it's been carrying an emergency 

battery the whole time." 

 
Identification of pygl-1/Glycogen phosphorylase as a regulator of glycolysis in the C. elegans hypodermis. Credit: 

Proceedings of the National Academy of Sciences (2025). DOI: 10.1073/pnas.2509003122 

For the study, the research team used a microscopic roundworm called 

Caenorhabditis elegans (C. elegans)—a type of worm commonly used in 

research—and a genetically encoded fluorescent biosensor called HYlight, which 

glows in response to changes in glycolysis (the process cells use to break down 

sugar for energy.) 

With custom-built devices, researchers precisely controlled the level of oxygen 

the living worms experienced and monitored how neurons responded to energy 

stress in real time. 

A breakthrough came when researchers discovered the enzyme PYGL-1, the 

worm's version of the human glycogen phosphorylase enzyme that converts 
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glycogen into fuel for neurons. When researchers removed PYGL-1, the worm 

neurons could no longer ramp up energy during low-oxygen stress conditions; 

when the enzyme was specifically restored in neurons, that failure was reversed. 

"We discovered that neurons use two different strategies to adapt to energy 

stress: one that's glycogen-dependent, and one that isn't," explained co-lead 

author Aaron Wolfe, a postdoctoral neuroscience researcher. "The glycogen-

dependent pathway is particularly critical when the mitochondria—one of the 

cell's primary energy producers—aren't functioning well. In those situations, 

glycogen serves as a backup system to provide energy via glycolysis." 

The team coined the term "glycogen-dependent glycolytic plasticity" (GDGP) to 

describe this phenomenon. They found that GDGP is especially important when 

mitochondrial function is compromised—such as during hypoxia, a condition of 

limited oxygen supply. Under these conditions, glycogen serves as a low-cost, 

rapid-access fuel source, helping neurons stay active when other systems might 

stall. This metabolic adaptability, known as "glycolytic plasticity," helps neurons 

maintain their core functions under stress. 

"Our work challenges the textbook model of how the brain fuels itself. Neurons 

are more self-sufficient than we thought," Singh said. 

Co-author Daniel Colón-Ramos, the Dorys McConnell Duberg Professor of 

Neuroscience and Cell Biology at YSM, said the study supports the notion of 

glycogen as an "energy capacitor" in neurons. 

"Just like in muscles, this reserve can buffer rapid shifts in energy demand," 

Colón-Ramos said. "That flexibility might be crucial for how the brain maintains 

function and responds to stress. This research reshapes our understanding of 

brain energy metabolism and opens new avenues for exploring how to protect 

and support neuronal function in disease." 

Other authors, all from Yale, include Sarah Emerson, a postdoctoral researcher in 

neuroscience; Ian J. Gonzalez, a graduate student in cell biology; Anjali A. 
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Vishwanath and Anastasia Tsives, post-doctoral researchers in neuroscience; and 

Richard Goodman, a research scientist in neuroscience. 

More information: Milind Singh et al, Glycogen supports glycolytic plasticity in 

neurons, Proceedings of the National Academy of Sciences (2025). DOI: 

10.1073/pnas.2509003122 

Provided by Yale University 

 

Seemingly innocent everyday habits could be quietly harming your brain health. 

With these simple changes, you can help your mind stay sharp and resilient. 

Reviewed by Dietitian Karen Ansel, M.S., RDN 
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6 Habits You Should Quit for Better Brain 

Health, According to a Neuroscientist 
 

 

Key Points 

• A healthy diet and lifestyle can have a positive impact on our brain health.  

• Yet, many of our day-to-day habits can silently chip away at our cognitive 

health.  

• These include an unbalanced diet, lack of sleep, drinking alcohol, social 

media and smoking. 

Your brain is nothing short of extraordinary. It’s the epicenter of everything you 

think, feel and do. Whether you’re solving a tough problem, laughing with friends 

or remembering your favorite song, your brain is hard at work behind the scenes, 

orchestrating every moment. 
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As important as our brains are, it’s all too easy to overlook the everyday habits 

that quietly undermine brain health. Some of these are so common that we 

barely notice them. But over time, they can chip away at your cognitive strength, 

dull your focus and leave you more vulnerable to mental decline.  

So, we spoke with neuroscientist Jamey Maniscalco, Ph.D, to find out which of 

these habits to look out for. Here are the top six under-the-radar habits he says 

could be harming your brain health. 

1. Missing Out on Sleep  

“We all know that sleep is important, but many of us don’t recognize that it’s 

absolutely vital for brain health,” says Maniscalco. “Sleep isn’t just rest. It’s a 

highly active process during which your brain performs critical housekeeping, 

emotional processing and memory consolidation.” Sleep is also when your brain 

purges itself of harmful waste products that build up during your waking hours.  

Chronic sleep deprivation may even raise the risk of Alzheimer’s disease. One 

suspected reason is that insufficient sleep disrupts the brain’s ability to clear out 

beta-amyloid, a toxic protein that builds up in the brains of people with 

Alzheimer’s. For instance, one study that followed nearly 8,000 people for more 

than 25 years found that those who routinely slept six hours or less per night 

during their 50s, 60s and 70s were significantly more likely to develop dementia 

than those who logged seven hours of sleep. 

To protect your brain health, prioritize seven to nine hours of consistent sleep 

nightly. 

2. Smoking  

“Smoking isn’t just damaging to the heart and lungs; it can also have serious, 

often overlooked consequences for brain health,” says Maniscalco. “Cigarette 

smoke contains thousands of harmful chemicals, many of which cross the blood-

brain barrier and contribute directly to oxidative stress and chronic inflammation 

in brain tissue.” Over time, this may accelerate the breakdown of neurons and 

https://www.eatingwell.com/habits-that-are-aging-your-brain-11717608
https://www.eatingwell.com/health-conditions-that-may-increase-your-risk-for-cognitive-decline-8756345
http://www.manifestwellness.co/
https://www.eatingwell.com/article/7909431/have-a-family-history-of-dementia-or-alzheimers-heres-how-to-protect-your-brain-as-you-age/
https://www.eatingwell.com/what-happens-if-you-dont-get-enough-sleep-11746534
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their supporting structures, which can lead to measurable changes in the brain’s 

structure and function.” 

That may be why research has found a strong correlation between smoking and 

an increased risk of dementia, including Alzheimer’s disease. According to the 

American Heart Association, smoking can raise the risk of dementia by 30%, and 

it can boost the odds of Alzheimer’s disease by 40%.  

Fortunately, quitting smoking can reduce this risk substantially. Support 

programs, nicotine replacement therapies and professional counseling are 

excellent resources to help you kick the habit. 

3. Drinking Alcohol  

Drinking alcohol, even in small amounts, may harm your brain’s structure and 

health. One study of more than 36,000 middle-aged and older adults found that 

regular alcohol consumption was linked to reduced brain volume, loss of gray 

matter and damage to white matter. This may impair communication within the 

brain. Surprisingly, declines in grey and white matter volume were noticeable 

even in people who drank as little as one alcoholic drink a day. And the more 

alcohol a person drank, the more harmful its effects. 

What makes alcohol so problematic? “Alcohol is both a central nervous system 

depressant and a neurotoxin,” says Maniscalco. “This means it slows down brain 

activity by dampening communication between neurons and, at higher levels or 

with chronic use, it can damage or even kill brain cells.” 

We’re not saying that you need to give up alcohol entirely. But if you do drink, try 

to stick with the recommended guidelines of no more than one drink per day for 

women and two for men.  

4. Skimping on Healthy Foods 

“Your brain is one of the most metabolically active organs in the body. It uses 

over 20% of your daily energy intake despite making up just about 2% of your 

body weight,” says Maniscalco. “That means what you eat doesn’t just affect your 
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body composition, it directly impacts your ability to regulate your mood, 

memory, focus and even emotional resilience.” 

Feeding your brain a wide variety of nutrient-rich foods may help it function at its 

best. The link between nutrition and brain health is so strong that research has 

found that an eating pattern rich in fruits, vegetables, whole grains, nuts and fish 

may promote greater brain volume and protect against cognitive decline. 

Conversely, people whose diets are highest in ultra-processed foods may 

experience cognitive decline considerably sooner than people who rarely eat 

these foods. 

5. Doing the Same Thing All the Time 

“The brain craves novelty. It’s wired to respond to new experiences, challenges 

and learning opportunities, since these inputs stimulate growth, adaptation to 

new environments and long-term resilience,” says Maniscalco. “Without regular 

exposure to novelty, we risk falling into patterns of mental autopilot, where the 

brain’s most dynamic systems that are responsible for attention, problem-solving, 

memory and creativity go underused.”  

Whether it’s learning a new skill, visiting a new place or attempting a challenging 

puzzle, new experiences and learning opportunities help forge new neural 

connections and strengthen existing ones.,,  Conversely, research has shown that 

a lack of mental stimulation in older adults can lead to cognitive decline over 

time. 

6. Too Much Social Media  

“Social media may seem like harmless entertainment or a convenient way to stay 

connected, but it can significantly reshape the way your brain functions,” says 

Maniscalco. “Platforms like Instagram, TikTok and Facebook are designed to 

trigger and exploit the brain’s dopamine system—the same reward circuitry 

involved in motivation, craving and addiction.” Over time, this can lead to 

negative consequences for your brain health.   

https://www.eatingwell.com/article/290550/10-everyday-superfoods/
https://www.eatingwell.com/article/7911108/best-and-worst-foods-for-brain-health/
https://www.eatingwell.com/article/7915302/habits-to-add-to-your-day-to-prevent-cognitive-decline/
https://www.eatingwell.com/article/7915302/habits-to-add-to-your-day-to-prevent-cognitive-decline/
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One review of multiple studies found that people who had difficulty controlling 

their internet use tended to have less gray matter in brain regions related to 

decision-making, self-control and reward processing. Too much social media can 

also affect emotional well-being. For instance, research has found that using 

social media as a primary means of maintaining relationships is linked to feelings 

of loneliness.   

To counterbalance the effects of social media and mindless scrolling, schedule 

“tech-free” time during your day. And don’t forget to make time for meaningful 

interactions, like phoning or spending time with loved ones. 

Our Expert Take  

Many seemingly innocent everyday habits may be quietly taking a toll on your 

brain health. Over time, lack of sleep, smoking, drinking alcohol, skimping on 

nutritious foods, missing out on new experiences or spending endless hours 

scrolling can spell trouble for our brains. The impact isn’t just about memory or 

focus. It touches everything from your mood to long-term cognitive resilience. 

But here’s the good news: Small changes, like getting enough rest, eating 

nutritious foods, staying curious, giving up smoking, drinking less alcohol and 

connecting meaningfully with others, may have a big impact on your brain’s 

strength. Take the first step today to break those brain-draining habits. Your 

future self will thank you with sharper thinking, a better mood and a mind that’s 

ready to meet life’s challenges head-on. 
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