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Abstract

In an era defined by accelerating neurotechnological innovation and heightened cognitive demands, the pursuit of
human enhancement is reaching unprecedented heights. This paper explores two converging frontiers of optimization:
internal strategies of mind management and external augmentation via brain-computer interfaces (BCIs). Drawing from
recent empirical research, mathematical models, and startup ecosystems, also analyzed how self-regulation techniques such
as mindfulness, reframing, and attentional training intersect with emerging neurotechnology to expand cognitive capacity,
productivity, and mental wellbeing. Clinical applications of BCIs, including Deep Brain Stimulation (DBS) and Responsive
Neurostimulation (RNS), are evaluated alongside non-invasive wearables, with comparative insights into efficacy and
patient outcomes. Furthermore, the study examines advanced BCI architectures, ethical dilemmas in military and
defense applications, and emerging strategies within the commercial neurotechnology market. In parallel, mathematical
optimization frameworks and neuro-algorithmic models are presented to bridge the disciplines of neuroscience and artificial
intelligence, highlighting their synergistic potential for cognitive enhancement. By synthesizing interdisciplinary insights,
the paper outlines future research directions and offers a critical roadmap for responsible innovation in the medical and
business sectors. Ultimately, this study positions the integration of self-directed mental practices and neurotechnological
tools as a dual engine for unlocking human potential.
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1. Introduction

1.1. The dual frontiers of human potential
Maximizing human potential, particularly regarding

productivity and cognitive performance, has long been a
subject of intense inquiry [1]. Throughout the ongoing
pursuit to harness the full potential of the human mind,
emphasis has traditionally been placed on internally regu-
lated, self-directed methodologies collectively known as the
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art and science of mind management. These conventional
strategies prioritize the cultivation of conscious control over
cognitive and emotional processes to optimize mental effi-
ciency, stimulate creativity, and enhance overall wellbeing.
However, as anyone who has battled procrastination, dis-
traction, or negative self-talk is aware, an unmanaged mind
can also lead to dysfunction and distress, which can under-
mine happiness and productivity. The enormous difficulty
of preserving mental equilibrium is demonstrated by the
sheer volume of everyday thoughts, which are frequently
estimated to be in the tens of thousands. A poorly con-
trolled mind is ineffective and can seriously impede one’s
ability to accomplish their objectives. Motivation is often
depleted by mind-numbing emotional dysregulation and
lack of focus, making sustained effort a pipe dream rather
than a reality [2].
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Therefore, a mindful approach the capacity to observe
thoughts and feelings without passing judgment, identify
patterns, and consciously substitute more constructive view-
points for negative ones is necessary for effective mind man-
agement. Despite their effectiveness, these methods still
require self-control and internal work. However, what if ex-
ternal technologies could amplify this process, offering new
pathways to manage and enhance the mind? Humanity is
now on the cusp of a new era where BCIs and electronic
chips offer the unprecedented potential to directly mod-
ulate and enhance brain function. What was once the
stuff of science fiction is becoming increasingly tangible.
BCIs allow the brain to communicate directly with exter-
nal devices, bypassing traditional pathways like muscles or
speech. In the last few years, companies like Neuralink and
research groups worldwide have made significant strides in
making BCIs a reality. A future where the lines between
artificial intelligence and human cognition are blurred is
being ushered in by Neuralink’s successful trials in 2024,
which showed the promise of mind-controlled devices al-
lowing users to play video games with just their thoughts
[3]. These neurotechnological advancements are not just
about futuristic enhancements; they are also paving the
way for therapeutic applications that could revolutionize
the treatment of neurological conditions. For example, DBS
and BCIs are already helping patients with Parkinson’s
disease, chronic pain, and epilepsy regain motor function
and control. However, the goal goes beyond rehabilitation;
neuro-enhancement is in the works. Soon, the idea of en-
hancing cognitive, memory, and focus skills could become
a reality, giving people access to superhuman abilities [4].
One such objective is to improve cognitive function and
data-processing abilities to a level that is noticeably supe-
rior to what is currently achievable for humans through
the utilization of nanotechnology in advancing BCI. The
rapid global growth of data processing and the challenge
of human cognitive constraints are the main drivers of this
drive. As technologies like quantum computing and silicon-
based chips push forward, the comparison between human
intelligence and artificial intelligence becomes increasingly
relevant, challenging our understanding of consciousness,
intuition, and sense qualities that the human brain uniquely
possesses and that machines are still far from replicating
[5]. The ethical and societal ramifications of the rapid
synthesis of mind and machine are increasing. What would
happen if BCIs could be used to change our thoughts, fil-
ter our emotions, or communicate telepathically? Such
developments have the potential to be both promising and
dangerous. Privacy, autonomy, and inequality loom large,
as neurotechnology could create a new divide between those
with access to enhancements [6].

This paper explores both frontiers: mind management
techniques and the emerging realm of neurotechnology.
The role of conventional approaches to mental resource
optimization will be examined as a foundational pillar
for productivity alongside the transformative potential of
neurotechnological cognitive enhancement. A detailed anal-
ysisof the current and prospective applications of BCIs will
be conducted, assessing their therapeutic uses and capacity
to augment cognitive functions. Ethical considerations will
also be critically evaluated, particularly concerning privacy,
autonomy, and patient safety. Ultimately, the intersection

of these dual frontiers will be explored to understand how
they may collectively shape the future of human enhance-
ment, with an emphasis on pursuing innovation responsibly
and in alignment with the broader interests of humanity
[7]. BCIs can serve as advanced control interfaces between
humans and smart energy systems. In renewable energy
grids (e.g., solar or wind farms), human operators can use
BCIs to monitor and adjust system parameters hands-free,
enabling faster and more intuitive control of distributed en-
ergy resources, especially in critical situations such as grid
instability or rapid load fluctuations. For this topic, some
renewable energy articles that researchers have reviewed
are recommended [8] - [11].

1.2. Research objectives
This paper investigates how AI tools and cloud storage

systems contribute to the enhancement of startup busi-
nesses. Specifically, it aims to:

i. Identify key Artificial Intelligence (AI) and cloud tech-
nologies adopted by startups.

ii. Examine the impact of AI and cloud technologies on
business processes, decision-making, and customer en-
gagement.

iii. Propose a systematic methodology for the effective inte-
gration of AI and cloud technologies in startup ecosys-
tems.

iv. Evaluate relevant case studies to demonstrate the tan-
gible benefits achieved through AI and cloud adoption.

v. Highlight the key challenges associated with AI and
cloud implementation and propose directions for future
research.

1.3. Structure of the manuscript
The remainder of this paper is organized as follows: Sec-

tion 2 provides a comprehensive literature survey. Section
3 outlines the methodology. Section 4 presents results and
discussion, including case studies and comparisons. Section
5 concludes the study with insights and recommendations.

2. The inner frontier: Mind management for innate
productive potential

AI Before contemplating external enhancements, it is
critical to acknowledge the significant potential for improve-
ment that can be attained through focused mental control
[12]. This internal strategy uses psychological abilities that
enable people to maximize their emotional and cognitive
capacities [13]. To achieve greater happiness, calm, and
focus, mind management involves a thoughtful and compe-
tent relationship with one’s thoughts and feelings rather
than just relieving stress or having an "empty mind" [14].

2.1. The mind: asset and obstacle to productivity
An individual’s brain is a fantastic tool that can solve

problems, learn new things, and be incredibly creative.
However, the main barrier to productivity may be an un-
controlled mind. This frequently results in severe dys-
function and distress, which affects general well-being and
productivity at work [13]. Distraction and mind-wandering
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Table 1: Real neurotechnology startup landscape.

Startup name Country Focus area Core product / ser-
vice

Funding Innovation angle

Neuralink USA Invasive brain–
computer interfaces

High-bandwidth, fully
implantable and wire-
less brain–computer
interface systems en-
abling neural signal
recording and stimula-
tion

$363M+ Ultra-high channel-
count neural implants
with robotic surgical
precision

NextMind France/USA Non-invasive BCIs Brain-sensing wear-
able platform enabling
intent-based control of
digital interfaces using
visual cortex signals

Acquired Real-time decoding of
visual attention and
neural intent

Emotiv USA Neurofeedback and
EEG

Portable EEG head-
sets for neuroscience
research, wellness mon-
itoring, and cognitive
training applications

$10M+ Affordable, consumer-
grade EEG with cloud-
based analytics

Kernel USA Brain activity mapping Kernel Flow wearable
for non-invasive mea-
surement of cognitive
states using optical
neuroimaging

$100M+ Real-time functional
brain monitoring using
time-domain fNIRS

Neurable USA BCI for AR/VR EEG-integrated head-
phones enabling men-
tal state tracking and
hands-free interaction
in immersive environ-
ments

$13M+ Seamless integration
of neural signals into
consumer AR/VR plat-
forms

are common mental culprits that often fragment attention
and make sustained effort difficult [14]. Procrastination,
often driven by fear of failure, perfectionism, or feeling
overwhelmed, is a classic symptom of a mind struggling to
engage with or regulate its response to a task. Internal di-
alogues filled with self-doubt, criticism, or catastrophizing,
known as negative self-talk and limiting beliefs, can sap mo-
tivation, erode confidence, and create self-fulfilling prophe-
cies of underperformance [14]. Furthermore, unmanaged
stress, anxiety, or frustration can lead to emotional dys-
regulation, clouding judgment, impairing decision-making,
and depleting the mental energy required for productive
work [15]. Without defined objectives and priorities, men-
tal energy becomes dispersed, leading to activity without
real achievement. Understanding these typical pitfalls is
the first step to successfully addressing them [12].

2.2. Core pillars of mind management for enhanced pro-
ductivity

Developing a more aware and adept relationship with
thoughts and emotions is the key to effective mind man-
agement, not repressing them. The pillars below offer a
strong foundation for increasing productivity [14].

2.2.1. Cultivating self-awareness
The cornerstone of mind management is self-awareness,

which entails paying close attention to one’s thoughts, feel-
ings, and behavior patterns without passing judgment im-
mediately. People can gain the insight necessary for change

by engaging in practices like mindfulness meditation, which
allows them to observe their psychological conditions with-
out passing judgment[14]. Journaling provides a thoughtful
way to examine everyday events, stressors, and emotions,
identifying trends and opportunities for development, and
frequently stopping during the day to inquire, "What am
I thinking? How do I feel? Self-awareness can be further
improved by asking, "Where is my attention?" [15].

2.2.2. Setting clear intentions and goals
A well-directed mind is more likely to allocate its re-

sources efficiently and is less likely to become distracted.
Specific, attainable, quantifiable, relevant, and time-bound
SMART goals offer direction and clarity. Setting one or
three main goals at the beginning of each day helps con-
centrate mental energy on the things that matter, and
prioritization frameworks can direct attention to important
tasks [16].

2.2.3. Mastering focus and attention
Deep concentration is a superpower in today’s atten-

tion economy. Refusing to multitask frequently results in
worse quality and more stress. The Pomodoro Technique,
which includes setting aside specified blocks of time for
concentrated work interspersed with brief breaks and time
blocking, are two strategies that can improve focus and
avoid burnout. It is also critical to reduce distractions by
setting up a workspace that supports concentration, such
as shutting down tabs that are not needed and turning off
notifications [16].
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2.2.4. Reframing negative thoughts and beliefs
Our emotional reactions and subsequent actions are fre-

quently determined by how an individual interprets events
rather than the events themselves. By using cognitive
restructuring techniques, people can recognize, question,
and swap out harmful or unproductive thought patterns
for more sensible and productive ones [15]. Practicing
gratitude can combat negativity and increase resilience by
focusing on the good things in life and at work. Over time,
limiting beliefs can be rewired by deliberately repeating
positive affirmations concerning the individual and their
abilities [16].

2.2.5. Building resilient and productive habits
Much of our daily behavior is driven by habit, making

cultivating productive habits essential for automating suc-
cess. Habit stacking, which involves linking a new desired
habit to an existing one (e.g., "After my morning coffee, I
will spend 15 minutes planning my day"), can facilitate in-
tegration [13]. Starting small and breaking down significant
goals into manageable habits makes them less daunting and
easier to integrate into daily routines. Consistency over
intensity, meaning regular, consistent effort even in small
doses, compounds over time to yield significant results [16].

2.2.6. Managing mental energy
Effective time management is only one aspect of pro-

ductivity; another is critical mental and emotional energy
management. Sleep is essential for memory consolidation,
emotional control, and cognitive function [16]. Taking
thoughtful, brief breaks during the working day can help
an individual stay focused and avoid mental exhaustion. A
healthy, resilient mind is also strongly supported by main-
taining physical health through consistent exercise and a
healthy diet [13].

2.3. Integrating mind management into daily life
Developing practical mind management skills is a con-

tinuous process rather than a quick fix. Patience, self
compassion, and a dedication to lifelong learning and adap-
tation are necessary. Instead of completely overhauling
everything at once, people should initially select one or two
techniques to practice. Since it demands time and effort
to change deeply rooted thought patterns, it is critical to
recognize any progress, no matter how tiny. It is crucial to
try various methods and modify them to fit individual pref-
erences and situations because what suits one person might
not suit another. Seeking assistance from coaches, mentors,
or peers can offer insightful information and accountability
[17].

3. The technological frontier: Electronic chips for
brain function management and enhancement

In addition to self-regulation, neurotechnology can di-
rectly interact with the brain to control and improve its
operations. The BCIs and electronic chips are the primary
methods used in this field [18]. Bypassing conventional
channels like speech or muscles, brain-machine interfaces,
or BCIs allow direct communication between the brain

Figure 1: Neuralink BCI implant for human-machine integration [20].

and external devices. They decipher neural signals and
convert them into commands that computers, prosthetics,
and other devices can follow. A sensor that detects neural
signals, an operating system that runs an algorithm that
decodes the signals, and a source of output that changes
based on the application are usually the main parts of BCI
systems [19]. Recent trials with Neuralink implants exem-
plify how electronic chips can be embedded directly into the
brain, enabling high-bandwidth brain-machine interfaces
and paving the way for enhanced cognitive and physical
functions, as illustrated in Figure 1.

The conceptualization of the brain as a "biological com-
puter" with "mushy hardware and software evolving from
life experiences" has long underpinned efforts to create ar-
tificial intelligence. Historically, the exponential growth in
chip processing power, famously predicted by Moore’s Law,
has seen transistor density on chips increase dramatically.
This makes comparing human and artificial intelligence
increasingly relevant [21]. While computer chips are often
called the "brain of a computer," performing logical results
based on predefined instructions and controlling peripher-
als, the human brain controls vital bodily activities such
as breathing, heartbeat, and temperature regulation. Both
systems require energy to function, with chips needing elec-
tricity and the brain requires oxygen and sugar [22]. They
can perform calculations and logical tasks and use electri-
cal signals to transmit information [21]. However, crucial
differences persist: the human brain is a biological system
that is parallel, distributed, fault-tolerant,learns, and pos-
sesses inherent "sense," "intuition," and "consciousness,"
which computer chips, functioning on preprogrammed logic,
currently lack. Unlike a CPU, the brain can also partially
recover from damage, which typically ceases functioning if
any part is damaged. Despite advancements like quantum
computing and silicon-based qubits promising significantly
increased computational power, the human brain still holds
supremacy in its overall processing power and intuitive
capabilities [22], shown in Figure 2. This symbolic image
illustrates how BCIs act as a bridge between biological
cognition and electronic systems, a foundational concept
for modern neurotechnology.

3.1. Therapeutic application: A clinical deep div
The most clinically validated and impactful neurotech-

nology applications are found in therapeutic contexts, tar-
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geting debilitating neurological disorders. The DBS, a
well-established surgical intervention, involves implanting
electrodes in specific subcortical structures to deliver mod-
ulated electrical impulses [7]. Its efficacy has been well
documented in alleviating motor symptoms associated with
Parkinson’s disease, dystonia, and essential tremor, with
ongoing trials extending to treatment-resistant depression
and OCD [24]. Modern advancements, such as closed-
loop DBS, now enable real-time feedback systems that
dynamically adjust to stimulation, improving outcomes
and reducing side effects. Responsive neurostimulation sys-
tems extend therapeutic potential, particularly in epilepsy
care. These implantable devices monitor brain activity
and deliver targeted stimulation upon detecting abnormal
patterns, preventing seizure propagation [25]. This per-
sonalized neurostimulation marks a shift from reactive to
anticipatory intervention models in neurology. Figure 3
compares the clinical effectiveness of BCI therapies (DBS,
RNS) with traditional approaches, such as medication or
physical therapy, across neurological conditions like epilepsy
and Parkinson’s disease. Moreover, BCIs are transforming
care pathways for individuals with paralysis or severe com-
munication impairments. Emerging technologies like Neu-
ralink’s N1 interface, featuring high-density, flexible threads
embedded with electrodes, offer avenues for restoring voli-
tional control over digital devices or assistive robotics via
neural intention decoding [26]. These advancements rede-
fine neurorehabilitation by combining surgical precision,
AI-based decoding, and neuroplasticity-driven therapy.

i. Risks and Protocols: As these technologies become more
integrated into clinical routines, new protocols are needed
to monitor adverse effects such as infection, device mi-
gration, or neuropsychiatric responses. Ethical concerns
must also be addressed, particularly regarding patient
autonomy, consent in vulnerable populations, and the
long-term psychological effects of implanted interfaces.
iPathways and Integration: Future care models will likely
combine pharmacological, psychological, and neurotech-
nological therapies. Interdisciplinary teams of neurol-
ogists, bioethicists, and neuroengineers must collabo-
ratively define patient eligibility criteria, post-op mon-
itoring frameworks, and upgrade paths for implanted
systems.

3.2. Potential for cognitive enhancement
While primarily in nascent or research stages, the tech-

nology used for therapy also hints at future applications
for cognitive enhancement in healthy individuals. Targeted
neurostimulation or BCIs could help sustain attention, filter
distractions, or induce states conducive to deep work [22].
The potential of electrical stimulation to speed up learning
or strengthen memories is being actively investigated in
research. Subtle mood modulation has the potential to
improve resilience and motivation in addition to treating
conditions like depression [27]. These applications increase
the likelihood of "managing" brain states more successfully
than psychological techniques by offering shortcuts or ex-
tra assistance to internal mind management. Additionally,
these advancements aim to create brain chips using nan-
otechnology to make people "superhumans" in response to

Figure 2: Conceptual fusion of brain activity with computing
systems [23].

the difficulty of quickly processing large amounts of data
[27].

3.3. Advanced BCI mechanisms and applications
Increasingly sophisticated mechanisms and diverse ap-

plications mark the evolution of BCIs. The technology
builds Electroencephalography (EEG) principles to record
and interpret brain signals [28]. This converts electrical
signals from brain nerve cells into digital data. Key com-
ponents of a BCI system include an implanted chip on a
pedestal, fiber optic cables, and a neural signal interpreter
that converts brain activity into digital signals and vice
versa. This allows computers to "mimic all the functions
of brain activities" and control external devices based on
thought [29]. An important turning point in neurotech-
nology was reached in 2024 with Neuralink’s first human
implant, which was followed by later innovations like the
Blindsight implant for perception restoration. As evidenced
by initial human trials in which patients could operate a
computer and play video games with just their thoughts,
this development enables human subjects to manipulate
computer programs exclusively with their thoughts [30].
The integration of AI has further amplified the power and
potential of BCIs, offering increased speed and accuracy in
decoding neural signals. This leads to more finely tuned
prosthetic movements and enriching stimulation during
bidirectional communication with the brain. Future BCIs
could even simulate virtual realities and dreamscapes, rais-
ing profound existential questions about the definition of
reality [30]. Figure 4 is a non-invasive BCI applied to the
hand that represents practical implementations for neu-
rofeedback and mental state monitoring without surgical
procedures.

3.3.1. Optimization algorithms in neurotechnology: En-
hancing performance and precision

In neurotechnology, particularly in Brain-Computer
Interface (BCI) systems, optimization algorithms play a
pivotal role in enhancing accuracy, speed, and adaptabil-
ity. From tuning decoding parameters in real-time to im-
proving user-specific calibration, these algorithms serve
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Figure 3: BCI therapy vs. traditional treatment outcomes.

as the mathematical core of adaptive, intelligent BCIs.
Techniques such as Particle Swarm Optimization (PSO),
Genetic Algorithms (GA), and Differential Evolution (DE)
are widely adopted to refine signal classification, minimize
error rates, and personalize control systems. The table
below provides a comparative overview of prominent op-
timization methods used in neurotechnology, highlighting
their applications, strengths, and limitations within BCI
and neurorehabilitation contexts [28], [30].

3.4. Wearable and non-invasive neurotechnology for cogni-
tive and emotional management

Beyond invasive implants and sophisticated BCI sys-
tems, the technological frontier extends to wearable and
non-invasive neurotechnology designed for direct cognitive
and emotional management. A notable recent development
in this area is the advent of electronic tattoos engineered to
monitor psychological stress and potential burnout. This
innovative, temporary, wireless electronic tattoo is designed
to be placed on the forehead, discreetly decoding brainwaves
to measure mental strain without requiring cumbersome
head coverings [32]. The electronic tattoo operates using a
lightweight battery and paper-thin sensors, featuring wavy
loops and coils that stretch and conform precisely to the
skin, thus ensuring a clearer neural signal acquisition [33].
It analyzes the electrical activity from the brain and eye
movement through EEG and electrooculography (EOG).
Unlike bulky EEG caps that require conductive gels, this
wireless e-tattoo consists of a lightweight battery pack and
paper-thin, sticker-like sensors, offering enhanced comfort
and clear signals due to its seamless skin conformity. Fur-
thermore, this device is made to be economical; its chips
and battery pack cost about $200, and each disposable
sensor costs about $20. This makes it a far more cost-
effective option than traditional EEG equipment [33]. A
crucial aspect of this technology is its integration with arti-
ficial intelligence (AI). Researchers have trained a computer
model to accurately estimate mental workload based on
the signals received from the e-tattoo [33]. This AI offers
a proactive tool for managing mental well-being and antic-
ipating mental fatigue because it can differentiate between
different levels of mental workload and predict when the
brain is likely to become overwhelmed. Current versions
are mainly made for skin without hair, but research is be-

Figure 4: Wearable BCI device for cognitive enhancement [31]. BCI
signal pathway mapping and routing.

Figure 5: Wearable neurotech for mental health monitoring [35].

ing done to apply ink-based sensors to hairy scalps so that
more thorough brain monitoring is possible. The ability of
people to practice mind management, especially developing
self-awareness and maximizing mental energy, could be sig-
nificantly improved by such non-invasive predictive tools.
However, they also raise new discussions regarding contin-
uous personal data monitoring and privacy [34]. Wearable
sensors like smartwatches are shown in Figure 5. These
tools offer non-invasive stress and attention monitoring
tools, supporting personalized emotional management and
well-being.

4. Neurotechnological frontiers in defense: Enhanc-
ing soldier capabilities and the ethical quagmire

While the paper outlines the therapeutic promise and
potential for general cognitive enhancement through neu-
rotechnology like BCIs, a significant and ethically charged
application domain lies in the military and defense sector.
The prospect of ’enhancing soldier capabilities’ represents
a paradigm shift in military science, moving beyond tradi-
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Table 2: Comparison of neurotechnology optimization algorithms.

Algorithm Application Advantages Limitations
Particle Swarm Op-
timization (PSO)

Feature selection and classifi-
cation in EEG/BCI systems

Simple to implement with
faster convergence

Prone to getting stuck in local
optima

Genetic Algorithm
(GA)

Optimizing signal classifica-
tion and control accuracy

Suitable for global search and
adaptable to diverse problems

Computationally expensive
with slow convergence

Differential Evolu-
tion (DE)

Real-time parameter tuning in
adaptive BCIs

Robust with few parameters;
suitable for continuous opti-
mization

Less effective for discrete op-
timization problems

Simulated Anneal-
ing (SA)

Electrode placement and noise
reduction

Effective in avoiding local min-
ima

Slow convergence and sensitiv-
ity to initial parameters

Ant Colony Opti-
mization (ACO)

BCI signal pathway mapping
and routing

Effective for combinatorial op-
timization problems

Performance degrades with
large solution spaces

Bayesian Optimiza-
tion

Hyperparameter tuning in
deep BCI models

Efficient for expensive-to-
evaluate objective functions

Requires probabilistic model
assumptions

Figure 6: Soldiers using AR goggles in combat scenarios [37].

tional equipment to direct augmentation of the warfighter
[36]. Figure 6 illustrates that neurotechnology is increas-
ingly integrated into defense systems, with AR tools enhanc-
ing situational awareness and communication in high-stress
military environments.

4.1. Cognitive and perceptual augmentation
Military settings directly relate to the paper’s discussion

of BCIs for "sustaining attention, filtering distractions, in-
creasing learning processes, and delicate mood modulation."
The neurotechnology may help soldiers perform at their
best and remain vigilant and focused for extended periods
or under high stress, reducing the possibility of human error
[38]. They could also achieve accelerated skill acquisition,
rapidly learning to operate complex new weapon systems
or adapt to novel tactical environments, reducing training
pipelines. Enhanced situational awareness is another po-
tential benefit, as BCIs integrated with sensor data and
AI could help soldiers process vast amounts of battlefield
information [39]. This offers an intuitive understanding
of complex, dynamic environments akin to the envisioned
superhuman processing capabilities. Neurotechnological
interventions may also improve mental toughness in battle,
regulate stress and emotions, or alter fear reactions. This

presents serious ethical issues regarding potential desen-
sitization and overriding human reactions. The real-time
physiological tracking of soldiers could be adapted from
the non-invasive ’electronic tattoo’ concept for stress moni-
toring, which gives commanders information on individual
distress or unit readiness [39].

4.2. Advanced communication and control systems
The advanced communication and control systems could

enable covert and secure communication, facilitating silent,
encrypted, thought-based communication between squad
members, making them less detectable. Direct Neural
Interface (DNI) for equipment represents another frontier
[40]. Beyond ’remote-controlled animals,’ soldiers could
potentially control drones, uncrewed ground vehicles, cyber
warfare tools, or even sophisticated weapon systems with
unparalleled speed and precision through direct neural
commands. This echoes the capability of Neuralink’s trial
subjects to control computers with their minds [25]. While
focused on individual enhancement, AIpowered battlefield
information [40].

4.3. The ’super-soldier’ and the neuro-arms race
The objective of converting human beings into "superhu-

mans" through the application of nanotechnology in brain
chip development inevitably leads to the concept of the
’super-soldier.’ This pursuit could trigger a neuro-arms race,
where nations compete to develop superior neurologically
enhanced warfighters, leading to geopolitical instability
and an escalation of military capabilities [41]. Figure 7
visually represents the emerging "super-soldier" paradigm,
where soldiers equipped with BCIs can operate military
tools directly through neural commands, illustrating neuro-
enhancement’s ethical and geopolitical stakes.

The ethical issues raised in the paper, privacy, auton-
omy, societal impact, and patient safety, are magnified in a
military setting [43]. Concerns about coercion and auton-
omy are raised: Will there be covert coercion, or can soldiers
agree to invasive neurotechnologies? What happens to a
soldier whose mental processes or behavior are controlled
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Figure 7: BCI-enhanced soldier operating defense systems [42].

or influenced by a brain-computer interface (BCI)? A clear
reminder is provided by the ’Robo-rat’ experiment [43].
Responsibility and accountability also become complex:
Who is responsible for actions taken by a BCI-enhanced
soldier, notably if the BCI malfunctions or is hacked? Fur-
thermore, concerns about dehumanization arise, as direct
neural manipulation for combat effectiveness risks dehu-
manizing soldiers, turning them into mere extensions of
weaponry. Finally, security and ’neuro-hacking’ become
paramount: BCIs in soldiers would become high-value tar-
gets for adversaries, with the potential for neural data theft,
manipulation, or incapacitation through cyber-attacks [44].

Integrating neurotechnology into military applications
presents a dual frontier: one of unprecedented capability
enhancement and another of profound ethical, legal, and
strategic challenges. While pursuing technological superi-
ority is a constant in military history, the direct interface
with the human mind demands an even more cautious
and ethically rigorous approach than any previous mili-
tary technology, reinforcing the paper’s call for ’responsible
technological innovation’ on a global scale.

5. Improve business by optimizing employee per-
formance, focus, and well-being

Economics is fundamental to young people today, es-
pecially Generation Z, and this technology can lead en-
trepreneurs to this idea [45], [46]. Personalized training
through BCIs can revolutionize employee development.Training
programs can adapt in real-time to optimize learning by
monitoring brain activity. This ensures employees grasp
concepts faster and more effectively, maximizing knowledge
retention. Imagine tailored modules focusing on areas need-
ing improvement, identified through neural feedback. This
targeted approach minimizes wasted time and resources,
leading to a more skilled and efficient workforce. Further-
more, personalized training can cater to diverse learning
styles, fostering a more inclusive and engaging environment.
Ultimately, this leads to increased productivity, job satisfac-
tion, and a more potent competitive edge for the business.
The core innovative idea is integrating neurotechnology
with mind management techniques to enhance human ca-
pabilities. Here are three startup ideas on how it can
improve business:

i. Neuro-enhanced Productivity Training: A startup offer-
ing personalized training programs using neurofeedback
to improve focus, reduce stress, and increase employee
productivity.

ii. Brain-Computer Interface Learning Platform: Using
brain-computer interfaces to adapt real-time training
content, optimizing knowledge retention and skill devel-
opment.

iii. Mental Wellness Monitoring for Businesses: A wearable
neurotech service to monitor employee mental wellbe-
ing, providing data-driven insights to companies for
proactive interventions and support.

5.1. Emerging Neurotechnology startups: bridging innova-
tion and human enhancement

The neurotechnology startup landscape is transforming,
fueled by an influx of venture capital and breakthrough in-
novations in BCIs systems [47]. In 2024 alone, investments
in neurotechnology exceeded $2 billion, signaling growing
confidence in the sector’s therapeutic and commercial po-
tential. Leading companies like Neuralink and Synchron
are pioneering invasive and minimally invasive BCIs, re-
spectively, to restore motor and communication functions
in individuals with neurological impairments. Meanwhile,
startups like Precision Neuroscience and Paradromics are
developing scalable neural interfaces targeting clinical and
consumer markets. This surge in innovation reflects a
broader societal shift toward integrating artificial intelli-
gence and neural data for enhanced human performance
and well-being [48]. As the market matures, these ventures
are redefining the frontiers of cognitive augmentation and
shaping the ethical and regulatory frameworks that will
govern future human-machine symbiosis [47].

5.2. Mathematical foundations of neuro-AI optimization
BCIs and neurotechnology evolve deeply on mathemati-

cal models that enable data interpretation, signal decoding,
and system performance optimization. Foundational math-
ematical tools such as differential equations, linear algebra,
and Fourier transforms are employed in signal processing
to extract meaningful neural features from EEG or im-
plant data. Meanwhile, artificial intelligence, particularly
in neural signal classification and brain-state prediction,
relies on advanced optimization algorithms like gradient
descent, evolutionary algorithms, and convex programming
to train and refine models [51]. For instance, Bayesian
optimization (BO) is increasingly used to calibrate BCI
parameters in real-time with limited data, enhancing adapt-
ability and user-specific accuracy [53]. As the complexity
of neuro-AI systems increases, integrating reinforcement
learning and variational inference has become central to
modeling dynamic and uncertain brain responses. These
mathematically grounded approaches improve algorithmic
performance and enhance the interpretability and robust-
ness of neurotechnological systems across clinical, military,
and cognitive enhancement domains [49],[50]. In recent
years, mathematical optimization techniques, especially
BO, have been increasingly leveraged to tune hyperpa-
rameters and control strategies in BCI systems, yielding
significant gains in performance and adaptability.



Parhamfar et al. Journal of Computing and Data Technology 02 (2025) 77–90 85

Table 3: Real neurotechnology startup landscape.

Startup name Country Focus area Core product /
service

Funding Innovation angle

Neuralink USA Invasive brain–
computer interfaces

Fully implantable,
wireless brain–
computer interface
systems enabling
high-bandwidth neu-
ral recording and
stimulation

$363M+ Ultra-high channel-
count neural im-
plants combined
with robotic surgi-
cal precision

NextMind France / USA Non-invasive BCIs Wearable brain-
sensing platform en-
abling intent-based
control of digital in-
terfaces via visual
cortex signals

Acquired Real-time decoding
of visual attention
and neural intent

Emotiv USA Neurofeedback and
EEG

Portable EEG head-
sets for neuroscience
research, wellness
monitoring, and cog-
nitive training

$10M+ Consumer-grade
EEG systems inte-
grated with cloud-
based analytics

Kernel USA Brain activity map-
ping

Kernel Flow wear-
able for non-invasive
measurement of cog-
nitive states using
optical neuroimaging

$100M+ Real-time func-
tional brain moni-
toring based on time-
domain fNIRS

Neurable USA BCI for AR/VR EEG-integrated
headphones enabling
mental-state track-
ing and hands-free
interaction in immer-
sive environments

$13M+ Seamless integration
of neural signals into
consumer AR/VR
platforms

One notable study demonstrated that BO, using Gaus-
sian process surrogates and acquisition functions like ex-
pected improvement, achieved faster convergence and higher
classification accuracy in deep-learning-based BCI models
compared to grid and random search methods [49]-[50].
Another emerging approach integrates reinforcement learn-
ing (RL) principles, modeling the threshold adaptation of
neurofeedback loops as a Markov Decision Process (MDP)
and employing reward-maximizing policies to optimize user-
specific control signals.

The BO is also an efficient method for reaching an op-
timal objective function, which employs statistical models
and is primarily used when the objective function is un-
known. After performing Bayesian optimization, the best
sampling point is determined by the expected improvement
function. To derive the Bayesian optimization relationship,
an unknown objective function such as f(x) is first defined
as shown in (1).

argmax
x∈X

f(x) = x∗ (1)

The function f(x) is also an unknown objective function

and is not directly used in computations. Therefore, sta-
tistical models such as the Gaussian model are used for
modeling, which is formulated as (2).

N (µ(x), σ2(x)) ∼ f(x) (2)

In (2), the relationship, µ(x) represents the predicted mean
and σ(x) enotes the standard deviation. To generate a
new point x, the optimal sampling strategy based on the
expected improvement function is defined as Equation (3).

max
i=1,...,n

f(xi) = f(x+) (3)

In this relationship, f(x+) represents the maximum value
of the objective function f(x). If f(x+) is determined
according to the expected Improvement function at the
point x, it corresponds to equation (4).

E
[
max

(
0, f(x)− f(x+)

)]
= EI(x) (4)

By applying the Gaussian relationship, the Expected Im-
provement function is then formulated, as expressed as
(6).
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σ(x)ϕ(Z) +
(
µ(x)− f(x+)

)
Φ(Z) = EI(x) (5)

In this relationship, represents the standard normal prob-
ability density function, and denotes the standard normal
cumulative distribution function. Moreover, Z is derived
from the expression µ(x)−f(x+)

σ(x) . Accordingly, the optimiza-
tion of the expected improvement function is obtained as
formulated in equation (7) [52],[54].

argmax
x∈X

EI(x) = x∗ (6)

While RL aligns with the Bellman equation, one of the sub-
fields of machine learning is reinforcement learning (RL).
Reinforcement learning is essentially formed through in-
teractions within an environment. This environment is
modeled using MDP. The MDP is a mathematical model-
ing framework used for environments that are stochastic
and time dependent and which is expresses as (8).

(S,A, P,R, γ) = MDP (7)

In (8), formulation,S is the set of states, A is the set of
actions, and P is the state transition probability function
is defined as P (s′ | s, a), which represents the probability
of transitioning from state s to state s′ under action a.
The reward function R is defined as R(s, a), indicating the
reward received after executing action a in state s. The
discount factor γ belongs to the interval (0, 1) determining
the importance of future rewards. Thus, in this case as
well, the action-value function Qπ(s, a) can also be used
for modeling the reinforcement learning algorithm, which
is formulated as (9).

Eπ

[ ∞∑
k=0

γkRt+k+1

∣∣∣∣∣ St = s, At = a

]
= Qπ(s, a) (9)

Thus, in this case as well, using the Bellman equa-
tion for the action-value function Qπ(s, a), the relationship
expressed in equation (10) is also obtained.

Eπ [Rt+1 + γQπ(St+1, At+1) | St = s, At = a] = Qπ(s, a)
(10)

In this case as well, the reinforcement learning algorithm
is optimized as formulated in equation (11) [? ] ,[? ]

Eπ

[
Rt+1 + γmax

a′
Q∗(St+1, a

′)
∣∣∣ St = s, At = a

]
= Q∗(s, a)

(11)
The synergy of BO for hyperparameter tuning and RL
for adaptive signal feedback creates a robust framework
that can accelerate calibration, improve classification ac-
curacy, and personalize neurofeedback protocols, paving
the way for more responsive and efficient BCI systems. To
formalize neuro-AI optimization, two key mathematical
frameworks are introduced: Bayesian Optimization (BO)
and Reinforcement Learning (RL). In BO, the optimal
input x* is found by maximizing the expected improvement

E[EI(x)], where acquisition functions guide the sampling
of high-potential configurations. Parameters include the
search space xX, surrogate models (often Gaussian Pro-
cesses), and objective evaluations. Meanwhile, RL employs
the Bellman equation, where the Q-value function Q(s, a)
estimates the expected return for acting as in states, con-
sidering future discounted rewards RRR and policy . Here,
denotes the discount factor, and the formulation enables
adaptive feedback control in BCIs. Together, these models
provide a dynamic optimization backbone for real-time cal-
ibration, signal adaptation, and user-specific performance
enhancement in brain-computer interface systems [51] .

Despite rapid advancements, neurotechnology remains
a frontier with unanswered questions and untapped poten-
tial. One of the most pressing areas for future research is
hybrid systems that blend invasive and non-invasive BCIs
to combine precision with usability. Research could explore
ways to miniaturize components and improve signal fidelity
in wireless systems, making these tools accessible for ev-
eryday cognitive support [55]. Another critical domain is
the integration of real-time adaptive AI algorithms with
BCIs, allowing devices to learn from user brain patterns
and personalize outputs over time. There is also a need
for deeper investigations into long-term safety and neural
plasticity: What are the sustained effects of stimulation or
decoding over years of use? How do such systems reshape
cognitive architecture? Ethical and regulatory research
must also evolve. As neurotechnology touches on iden-
tity, autonomy, and agency, interdisciplinary studies should
assess the psychological impacts of thought-to-action trans-
lation, especially in contexts like military deployment or
corporate productivity tools. Moreover, scholars should
examine cross-cultural perceptions and disparities in access
to neuroenhancement technologies. Without proactive pol-
icy development, these tools risk deepening existing global
inequities. Finally, emerging research should focus on mul-
timodal interfaces combining neural data with bio-signals
(e.g., heart rate, skin conductance) to create comprehensive
mental state monitoring tools, paving the way for holistic
mental performance platforms [56].

6. Business sector applications: The commercial
frontier of neurotechnology

6.1. Consumer neurotech and wearable markets
The rise of consumer-focused neurotechnology has opened

new frontiers in wellness, productivity, and biofeedback.
Companies, named Neurosity, Emotiv, and NextMind are
introducing lightweight, user-friendly BCIs for meditation,
focus enhancement, and gaming. These products capital-
ize on the rising demand for quantified self and mental
performance tools. As algorithms improve in real-time
brainwave interpretation, the potential for neurotech to be-
come a daily personal companion grows exponentially [57]
A landscape representation of commercial neurotechnology
is shown in Figure 8.

6.2. Healthcare and neurotherapeutic devices
Neurotechnology is redefining the healthcare sector by

offering non-pharmacological solutions for chronic condi-
tions such as epilepsy, Parkinson’s disease, and depression.
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Figure 8: Commercial neurotechnology landscape.

Companies like Synchron and Paradromics are racing to
bring implantable neuroprosthetics to market. Their busi-
ness models prioritize clinical validation, regulatory navi-
gation, and payer adoption strategies to ensure scalability
in hospital systems and insurance networks [58]. A criti-
cal success factor is demonstrating cost-effectiveness and
long-term patient outcomes.

6.3. Ethical branding and competitive differentiation
As neurotech enters sensitive cognitive territory, com-

panies must embrace ethical branding, transparency about
data use, user consent, and cognitive safety. Startups
that lead with neuro-rights protections, like customizable
privacy settings and opt-in brain data sharing, will gain
consumer trust. Moreover, brands can differentiate through
emotional impact by positioning their product as a tool for
empowerment and well-being, not just enhancement. Early
engagement with policymakers and ethical scholars is also
becoming a strategic advantage [59].

The invasive BCI market is valued at approximately
USD 160.44 billion in 2024, with a projected compound
annual growth rate (CAGR) of 1.49% from 2025 to 2030.
Based on recent studies, BCI demonstrates significant po-
tential for treating various conditions, including depression,
Parkinson’s disease, limb amputation, epilepsy, spinal cord
injuries, motor neuron disease/amyotrophic lateral scle-
rosis (ALS), stroke, multiple sclerosis, and cerebral palsy.
The performance growth associated with each condition is
illustrated in Figure 9. The overall estimated CAGR in
the global market is 1.5%. The non-invasive BCI segment
is projected to reach approximately USD 368.60 million
globally by 2024, with an anticipated CAGR of 9.35% from
2025 to 2030. BCI applications in the global market are
not limited to medical treatment and rehabilitation; they
also extend to smart home control, healthcare, entertain-
ment and gaming, communication, and control, as shown
in Figure 10.

BCI has had a significant impact during the COVID-19
pandemic and has also found applications in medical tech-
nologies, including assisting patients with neurological dis-
orders such as Alzheimer’s, Parkinson’s, and Amyotrophic
Lateral Sclerosis (ALS), as well as enabling remote patient
monitoring systems. According to reports by the World
Health Organization, the number of individuals affected by
dementia is projected to reach 82 million by 2030 and 152
million by 2050. Figure 11 presents a global overview of
the BCI market, illustrating that noninvasive BCIs are uti-
lized across several continents and regions, including North
America, Europe, Asia-Pacific, Latin America, the Mid-
dle East, and Africa. BCI applications include healthcare,
functional restoration, and brain function rehabilitation.
It is also employed in the treatment of conditions such

Figure 9: Invasive BCI performance in the global market by medical
condition [60].

Figure 10: Non-invasive BCI performance in the global market for
control and smart technologies [60].

as motor neuron disease/ALS, stroke, spinal cord injury,
multiple sclerosis, cerebral palsy, and limb amputation. Ul-
timately, BCI is used in medicine, education, and research,
and other areas (consumer, wellness, etc.), with more than
21 countries currently adopting the technology [60]. BCI
in the global market was valued at approximately USD
125.21 million in 2018, with a projected annual growth rate
(CAGR) of 12.43% through 2025. Figure 12 illustrates the
trends in the global BCI market [61].

7. Conclusion

This paper has explored the dual pathways through
which human potential can be enhanced: internal cognitive

Figure 11: Global overview of the BCI market [60].
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Figure 12: Global market trends of BCI.

self-regulation and external neurotechnological augmen-
tation. While mind management strategies offer proven
frameworks for improving focus, emotional regulation, and
mental energy, brain-computer interfaces and neurostimu-
lation devices directly mediate neural activity. Together,
these approaches signal a new era in cognitive science, one
where introspective and technological methods converge
to expand the boundaries of performance, creativity, and
human well-being. As the capabilities of neurotechnology
grow from invasive BCIs and responsive neurostimulation
to wearable AI-integrated devices, the ethical landscape
grows more complex. Issues of autonomy, privacy, and the
neuro-rights of individuals must be addressed with the same
rigor as technological development. Mathematical models
and algorithmic precision are increasingly used to opti-
mize neural signal interpretation and treatment outcomes,
demanding interdisciplinary scrutiny across neuroscience,
data science, and bioethics. Future advancements must,
therefore, balance efficacy with equity, accessibility, and
long-term impact on mental sovereignty. The convergence
of neurotechnology and cognitive psychology presents a
clinical or commercial opportunity and a civilizational mo-
ment. Whether applied in healthcare, education, defense,
or entrepreneurship,these tools must be guided by ethi-
cal foresight and societal consensus. As human cognition
becomes increasingly modifiable, the challenge is not to
innovate but to do so wisely. A truly enhanced future lies
not only in smarter chips or sharper minds but also in an
integrated vision that honors both the machine’s precision
and the mind’s depth.
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