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Ethical and Legal Challenges of Brain-Computer Interface Applications and

Their Institutional Responses

Xu Juan
(School of Law and Politics, Guangdong Ocean University, Zhanjiang, Guangdong 524088,

P. R. China)

Abstract: Brain-computer interface (BCI) technology establishes a direct channel for information
exchange between the human brain and external devices, thereby transcending traditional
technological paradigms that operate primarily through intervention in external behavior. This
development not only poses new challenges to such fundamental interests as agency and cognitive
liberty, brain-data governance and mental privacy, and enhancement and social equity, but also
places additional strain on existing frameworks of rights protection, procedural safeguards, and
liability allocation. While existing studies have offered valuable insights from the perspectives of the
philosophy of technology, ethics, and specific application scenarios, systematic and normative
analysis of the legal responses to BCI technologies in broader contexts remains insufficient. Because
BCI applications span the entire life cycle—from research and development, testing, and market
authorization to deployment, updating, and decommissioning—they cannot be effectively governed
through any single legal domain or liability regime alone. Adopting a general perspective to examine
BCI applications does not imply an exhaustive treatment of all possible scenarios, but rather seeks to
identify ethically and legally significant issues based on current technological realities and institutional
developments.

Building on this perspective, neurorights are proposed as the normative starting point for the
governance response to BCI technologies. Neurorights are not intended to replace the existing
framework of fundamental rights, but rather to provide a more precise normative articulation of such
core interests as cognitive liberty, mental integrity, mental privacy, and mental continuity in the
context of neurotechnology. At the institutional level, a governance framework is proposed that
integrates dynamic tiered regulation and typology-based governance, supported by life-cycle
compliance and procedural safeguards. With respect to governing principles, priority should be
accorded to the protection of neurorights, guided by an orientation that combines risk prevention with
differentiated intervention. In terms of institutional design, the framework requires the orderly
coordination of general rules, industry standards, and context-specific regulations so as to
accommodate variations in risk intensity, technological maturity, and application scenarios. In
implementation, legal norms should be operationalized into concrete governance mechanisms
covering ex ante access control, rights protection, liability allocation, and remedial mechanisms,
thereby achieving systemic coordination among rights protection, risk prevention, and accountability.

Accordingly, the governance of BCI-related risks should shift from abstract normative advocacy
toward a more operational legal framework, thereby maintaining an appropriate institutional balance
between technological innovation and the protection of human dignity, freedom, and equality.
Keywords: Brain-computer interface; Neurorights; Mental privacy; Dynamic tiered regulation;

Full-process compliance
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