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INTRODUCTION

The rapid advancement of neurotechnologies represents one of the most significant scientific frontiers of
the 21st century, fundamentally challenging our understanding of human cognition, consciousness, and
the boundaries of privacy. These emerging technologies, ranging from brain-computer interfaces (BCIs)"
to neural monitoring devices and cognitive enhancement systems,? promise revolutionary applications
in medicine, education, and human performance optimization.? However, they simultaneously raise
unprecedented questions with respect to many facets of mental privacy—a domain largely considered
the last bastion of individual autonomy and personal sanctuary.*

The concept of privacy has evolved considerably throughout human history, adapting to technological
innovations from the printing press to digital surveillance systems.’ Yet neurotechnologies present a
qualitatively different challenge: the potential for direct access to human thoughts, emotions, memories,
and intentions.® This development necessitates a fundamental re-examination of the right to privacy
within legal, ethical, and philosophical frameworks that were not initially designed to address such
intimate technological intrusions.

This analysis explores the complex intersection between neurotechnological advancement and
privacy rights, examining both the transformative benefits these technologies offer and the profound
risks they pose to cognitive liberty and mental autonomy. The stakes of this discussion extend beyond
individual privacy concerns to encompass broader questions of human dignity, democratic governance,
and the future of human agency in an increasingly connected world.

OVERVIEW OF CONTEMPORARY NEUROTECHNOLOGY DEVELOPMENTS

BRAIN-COMPUTER INTERFACES AND NEURAL PROSTHETICS

Modern BCIs have progressed from experimental laboratory devices to commercially viable medical
interventions, enabling direct communication between the brain and external devices. Researchers based
at enterprises including Neuralink, Synchron, and Blackrock Neurotech have developed sophisticated
systems that enable monitoring of neural signals with increasingly remarkable precision.” These devices
have already for improvements in mobility for allow paralyzed individuals, and to control computers, robotic
limbs, and communication devices, representing a paradigm shift in assistive technology.*Therapeutic
applications extend beyond motor control to include treatment of depression, epilepsy, and Parkinson's
disease through deep brain stimulation and closed-loop neurostimulation systems.’ These interventions
demonstrate neurotechnologies’ capacities to not only interpret neural signals but also to modify brain
activity, raising questions as to the boundaries between an individual’s treatment and enhancement.



NEURAL MONITORING AND NEUROIMAGING TECHNOLOGIES

Advanced neuroimaging techniques, including high-resolution fMRI, optogenetics, and emerging
technologies such as ultrasonic neural interfaces, provide unprecedented increasingly nuanced
perspectives on brain activity." These non-invasive or minimally invasive methods can detect patterns
associated with thoughts, emotions, and decision-making processes, potentially enabling applications in
areas such as lie detection, assessment of a person’s mental state, and monitoring of cognitive load." In
addition, consumer-grade neurotechnologies devices already on the market, such as EEG headsets, claim
to assist in activities such as meditation, focus enhancement, and to enable ‘brain training’, supposedly
democratizing access to capabilities while simultaneously expanding the data collection footprint of
neurotechnology into everyday life.'?

COGNITIVE ENHANCEMENT AND NEUROPHARMACOLOGY

The convergence of neurotechnology with pharmaceutical interventions and stimulation techniques has
created new possibilities for potential cognitive enhancements. These technologies promise to augment
memory, attention, learning capacity, and emotional regulation, potentially transforming educational
and professional environments.”

BENEFITS OF NEUROTECHNOLOGIES FOR SOCIETY AND INDIVIDUALS

MEDICAL AND THERAPEUTIC USES

Neurotechnologies offer transformative potential for treating previously intractable neurological and
psychiatric conditions. Patients with spinal cord injuries, ALS, and locked-in syndrome have regained
communication abilities and motor control through BCI systems."* Deep brain stimulation has provided
relief for individuals with treatment-resistant depression, obsessive-compulsive disorder (OCD), and
movement disorders, offering hope where prior interventions have either failed or provided limited
improvement in patients’ conditions."”

The potential for a precision medicine approach enabled by neurotechnology allows for personalized
treatment protocols based on individual neural patterns, potentially improving therapeutic outcomes
while reducing side effects.' Real-time neural feedback systems can also potentially optimise treatment
delivery and adjust interventions based on ongoing monitoring of neural activity."” For individuals with
disabilities, neurotechnologies potentially offer unprecedented opportunities for treatment to improve
mobility, independence and also social participation.'® Development in neural prosthetics also promise
advancements in the treatment and restoration of sensory capabilities, enabling complex motor control,
improved vision, and facilitating communication in ways that traditional assistive technologies have
heretofore provided only limited improvements."

Neurotechnologies can also provide researchers with powerful tools for understanding brain function,
consciousness, and the neural basis of human behaviour. This enhanced understanding could lead to
breakthrough treatments in other areas of medicine such as mental health, neurodevelopmental disorders,
and age-related cognitive decline, potentially benefiting millions of individuals worldwide.?

PRIVACY RISKS AND CONCERNS

MENTAL PRIVACY AND COGNITIVE LIBERTY
The most fundamental privacy concern raised by neurotechnologies involves the potential violation
of mental privacy—the right to keep one’s thoughts, memories, and mental processes private.



Unlike traditional surveillance technologies that monitor external behaviours or communications,
neurotechnologies could potentially in the future access the content of consciousness itself, including
involuntary thoughts, emotional states, and subconscious processes.*

This capability raises questions about cognitive liberty—the right to mental self-determination and
freedom from unwanted mental intrusion. The involuntary nature of many neural signals means that
individuals may be unable to control what information is collected, fundamentally challenging traditional
notions of prior and informed consent, and voluntary disclosure.*

DATA PROTECTION AND DATA SECURITY

Neural data presents unique data security and data protection challenges due to the sensitivity of the
information it relates to, creating particular concerns for personal data collection, processing, data transfers
and retention.” The theft or misuse of neural data could enable unprecedented forms of fraud and other
harms, including profound risks such as psychological manipulation by malign actors.

The storage and transmission of neural data across networks and devices create multiple points
of vulnerability where malicious actors could intercept or corrupt brain-derived information. The
consequences of such breaches extend beyond individual privacy to include potential manipulation of
democratic processes, commercial exploitation, and social control.

IMPLICATIONS FOR SURVEILLANCE AND SOCIAL CONTROL

Neurotechnologies could enable new forms of surveillance, both by State and corporate entities,
that penetrate deeper into individual autonomy than any previous technology. Governments could
leverage neural monitoring to detect dissent, attempt to predict subversive or criminal behaviour, or
enforce ideological compliance.?* Businesses might attempt to exploit neural data for manipulation of
consumer behaviour and preferences for goods and services.” The potential for coercive deployment of
neurotechnologies in institutional settings—such as prisons, schools, or workplaces—raises concerns
about involuntary mental monitoring and the erosion of fundamental human rights. The integration
of neurotechnology with existing surveillance infrastructure could create comprehensive monitoring
systems that track both external behaviour and internal mental states.

LEGAL AND REGULATORY CHALLENGES

CHALLENGES TO CURRENT LEGAL FRAMEWORKS

Existing privacy laws and regulations have evolved primarily to address and regulate traditional forms
of data collection, processing and retention, leaving significant gaps in certain legal frameworks with
regard to data protection for information derived from monitoring using neurotechnologies. Current
frameworks typically require explicit prior and informed consent for data collection, but the involuntary
nature of neural signals complicates traditional consent models.?

The classification of neural data within existing legal categories remains unclear, with questions
about whether brain signals constitute medical information, biometric data, or an entirely new category
requiring specialised protection.” Variations in privacy law across jurisdictions and regional human
rights mechanisms create additional complications for neurotechnology deployment and data transfers
between entities.”®

The unique characteristics of neural data may necessitate development of existing legal frameworks
that address mental privacy as a fundamental human right. Legislation must continue to balance the
promotion of beneficial neurotechnology developments and the treatment of diseases with the robust



protection of cognitive liberty and mental autonomy required to safeguard all of a person’s interconnected
and interdependent human rights. Furthermore, regulatory approaches must consider the dual-use
nature of many neurotechnologies, which can serve both beneficial and potentially harmful purposes
depending on their application. International cooperation and standardisation efforts will continue to
prove essential to prevent regulatory arbitrage and ensure consistent protection of human rights across
jurisdictions with respect to the use of neurotechnologies.”

ETHICAL FRAMEWORKS AND PHILOSOPHICAL CONSIDERATIONS

HUMAN DIGNITY AND PERSONAL AUTONOMY

The deployment of neurotechnologies raises fundamental questions as regards human dignity and the
boundaries of individual personhood. The potential for external control or influence over mental processes
challenges core concepts of individual autonomy and self-determination that underpin democratic
societies and human rights. Debates as to the nature of consciousness, free will, and personal identity
become ever more relevant as neurotechnologies gain the ability to monitor and potentially influence
these fundamental aspects of human experience.’® Moreover, medical procedures that alter normal
cognitive variation through neurotechnology interventions raises questions about neurodiversity and
the social construction of personhood and identity.*

The development and deployment of neurotechnologies must also address questions of distributive
justice and equitable access to cognitive enhancement capabilities. If neurotechnologies provide
significant advantages in cognitive performance, their unequal distribution could exacerbate existing
social inequalities and create new forms of cognitive stratification. The potential for neurotechnologies
to be used for social control or discrimination against individuals raises concerns as regards acceptance
of neurodiversity and the rights of individuals who may choose not to adopt enhancement technologies.

CONCLUSIONS

The emergence of neurotechnologies marks a pivotal moment in human history, comparable to other
transformative innovations that have reshaped society and human experience. The development of
neurotechnologies represents both an unprecedented opportunity for human advancement and a
fundamental challenge to traditional concepts of privacy and cognitive liberty. The benefits of these
technologies—from treating intractable medical conditions to enhancing human capabilities—are
potentially substantial, as has already been evidenced by early medical applications of neurotechnologies
in treatments of disorders such as Parkinson’s Disease.*> However, the risks they pose to mental privacy and
individual autonomy are equally significant and require careful consideration and proactive governance
and regulation.

The path forward requires a delicate balance between promoting beneficial innovation and protecting
fundamental human rights. This balance can only be achieved through interdisciplinary collaboration
amongst all concerned stakeholders: governments, technologists and neuroengineers, bioethicists, legal
scholars, and civil society. The further development of appropriate frameworks must occur in parallel
with technological advancement, rather than as an afterthought to innovation.

FURTHER RESEARCH QUESTIONS

1. How can legal frameworks be further developed to protect privacy while enabling beneficial
neurotechnologies research and development? This question addresses the fundamental challenge
of balancing innovation with human rights protection in an emerging technological domain.



What constitutes meaningful informed prior consent for neurotechnologies interventions
that may access involuntary mental processes? Traditional consent models may prove inadequate
for neurotechnologies that can extract neural data for development of inferences without conscious
awareness or control of the individual.

How should neural data be classified as a form of personal data, and regulated? The unique
characteristics of nervous system-derived personal data may require new regulatory approaches and
legal data protection mechanisms.

What are the long-term societal implications of widespread cognitive enhancement through
neurotechnologies? Understanding the potential for social stratification and inequality is crucial
for developing appropriate legal and governance frameworks.

How can the dual-use potential of neurotechnologies be managed to prevent misuse while
promoting beneficial applications? Many neurotechnologies can serve both therapeutic and
potentially harmful surveillance or social control functions.

What international governance mechanisms are needed to ensure consistent protection of
human rights across different jurisdictions with respect to neurotechnologies use? Multilateral
coordination will be essential to prevent regulatory arbitrage and ensure universal protection of
cognitive liberty across jurisdictions.

How do neurotechnologies challenge existing human rights-based concepts pertaining to
personal identity, consciousness, and free will? These fundamental concerns have practical
implications for the development of legal and ethical frameworks governing neurotechnology use.
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