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INTRODUCTION

The intersection of neuroscience and jurisprudence represents one of the most consequential frontiers
in contemporary legal scholarship in emerging technologies. Neurotechnologies encompass a rapidly
expanding array of tools and techniques for measuring, interpreting, and potentially modifying brain
activity, including functional magnetic resonance imaging (fMRI), electroencephalography (EEG),
transcranial stimulation, brain-computer interfaces, and emerging neurochemical detection methods.!
These technologies promise unprecedented insights into human cognition, memory, decision-making, and
emotional states—all fundamental elements of legal proceedings.’ The justice system's growing interest
in neurotechnologies stems from their potential to address longstanding challenges in both criminal and
civil procedure: determining truthfulness, assessing mental capacity, understanding intent, evaluating
competency, and measuring damages related to neurological harm.? However, the integration of these
technologies into legal frameworks raises profound questions about privacy, reliability, constitutional
protections, and the very nature of human agency and responsibility.*

This analysis examines the current state of neurotechnology applications in justice systems, evaluating
their transformative potential alongside significant risks and limitations. The central thesis posits that
while neurotechnologies offer valuable tools for enhancing accuracy and fairness in legal proceedings,
their implementation requires careful consideration of scientific validity, ethical implications, and
constitutional safeguards to prevent misuse and preserve fundamental rights.

CURRENT NEUROTECHNOLOGY DEVELOPMENTS IN LEGAL CONTEXTS

USE OF BRAIN IMAGING TECHNOLOGIES IN LEGAL PROCEEDINGS

Functional neuroimaging has emerged as the most prominent neurotechnology in legal settings.’ fMRI
studies of brain activation patterns during deception have generated considerable interest as potential
‘lie detection’ tools, with several enterprises developing commercial applications.® Structural MRI scans
increasingly serve as evidence in criminal sentencing, particularly in cases involving traumatic brain
injury or developmental abnormalities that might explain criminal behaviour.” Positron emission
tomography (PET) scans and other imaging modalities are being introduced to demonstrate neurological
damage in personal injury litigation and to assess competency in various legal proceedings.®



ELECTROPHYSIOLOGICAL MONITORING

EEG-based technologies, including event-related potentials and so-called ‘brain fingerprinting’ techniques,
are being explored for memory detection and truthfulness assessment. These approaches measure
electrical brain activity in response to stimuli, potentially revealing whether individuals possess specific
knowledge about events or locations.’ Some jurisdictions have begun accepting EEG evidence in limited
circumstances, though admissibility standards vary significantly."

COGNITIVE ENHANCEMENT AND MODIFICATION TECHNOLOGIES

Emerging neurotechnologies extend beyond measurement to potential cognitive modification.
Transcranial stimulation techniques can temporarily alter brain function, raising questions about their
use in rehabilitation, competency restoration, and broader ethical and human rights considerations around
treatments using cognitive enhancement on individuals.! Deep brain stimulation and other therapeutic
interventions present further complex questions as regards agency and responsibility in respect of the
broader implications for the rights of others within communities. Delivery of these capabilities may further
widen disparities in terms of access to justice, including remedies. In addition, concerns may also arise
in connection with neurotechnologies’ delivery widening social inequities, bias and discrimination.'?

BENEFITS AND APPLICATIONS IN CRIMINAL PROCEDURE

ENHANCED ACCURACY IN DETERMINATIONS OF TRUTHFULNESS

Certain capabilities under development in the sphere of neurotechnologies potentially offer improvements
over traditional polygraph testing, which has limited admissibility in legal proceedings due to ongoing
concerns as to its reliability.” Neurotechnologies-based lie detection methods claim to measure deception
more directly by examining neural correlates of truthfulness rather than peripheral physiological
responses.' These technologies might provide more objective assessments of witness credibility and
defendant statements, potentially reducing wrongful convictions based on false confessions or perjured
testimony.

MENTAL STATE AND COMPETENCY ASSESSMENT

Developments in neuroimaging have allowed for the provision of valuable insights into the mental
states of defendants in proceedings, their cognitive capacity, and neurological conditions that affect
an accountability with regard to individual criminal responsibility."” These technologies can enhance
competency evaluations, determinations of sanity and mental faculties, and assessments of mitigating
factors in sentencing.’ Brain scans may reveal previously undetected neurological conditions that could
potentially reflect physiological and cognitive changes that may assist assessments of criminal behaviour,
possibly supporting more appropriate therapeutic interventions rather than purely punitive measures.

REHABILITATION AND RECIDIVISM PREVENTION

Developmentsin the capacities of neurotechnologies may eventually enable more precise understanding of cognitive
deficits and neurological factors contributing to criminal behaviour.” This knowledge could potentially inform
more targeted rehabilitation programs and treatments, medication management, and therapeutic interventions
designed to address underlying neurological causes of problematic conduct. Brain-based assessments might also
improve risk evaluation and parole decisions by providing objective measures of rehabilitation progress."



BENEFITS AND APPLICATIONS IN CIVIL PROCEDURE

PERSONAL INJURY AND MEDICAL MALPRACTICE LITIGATION

Current neuroimaging technologies provide objective evidence of brain injury, cognitive impairment,
and neurological damage in tort cases. These technologies can thus be used to demonstrate the extent of
harm, support damage calculations, and distinguish between pre-existing conditions and injury-related
changes.” Advanced imaging techniques may detect subtle brain injuries previously difficult to document
prior to advances in neuroimaging, thus allowing for more nuanced analysis of changes in physiological
conditions in the process of assessing possible neurological harm caused to an individual.?

CAPACITY AND COMPETENCY DETERMINATIONS

Civil proceedings often require assessments of mental capacity in respect of deliberations concerning
processes such as contracts, wills, guardianship, and other legal decisions. Neurotechnologies that allow
for more objective measures and assessment of cognitive functions could potentially assist in the resolution
of disputes over mental capacity, and provide clearer guidance for courts determinations in cases of
protective arrangements, for example.” Such assessments that leverage neurotechnology-based insights
could be particularly valuable in cases involving dementia, developmental disabilities, or other cognitive
impairments.*

EMPLOYMENT AND WORKPLACE DISCRIMINATION LAW

Neuroimaging evidence may support claims related to workplace discrimination based on neurological
conditions or demonstrate the cognitive effects of occupational exposures.?’ These technologies can
provide objective documentation of neurological impairments that affect employment capacity and
support reasonable accommodation requests under disability laws.**

RISKS AND CHALLENGES

SCIENTIFIC RELIABILITY AND VALIDITY CONCERNS

Current neurotechnologies face significant limitations in reliability, accuracy, and interpretation.
Brain imaging studies often involve small sample sizes, variable methodologies, and uncertain clinical
significance. The translation from group-level research findings to individual legal determinations presents
substantial challenges.”” Many neurotechnologies lack sufficient validation for forensic applications,
raising concerns about premature adoption in high-stakes legal contexts.*

PRIVACY AND DATA PROTECTION CONCERNS

Neurotechnology applications engage fundamental concerns pertaining to the rights to privacy and
data protection rights.?”” In addition, due process considerations arise, including privilege against self-
incrimination and protections against unreasonable searches, in the context of invasive examinations of
neural data derived from the individual.” Furthermore, courts may need to determine in their evaluations
as to whether neurotechnologies-based evidence neural data collection and processing constitutes
testimonial evidence or physical evidence, affecting admissibility and procedural protections.?’ The
invasive nature of certain neurotechnologies also raises additional questions as regards prior and informed
consent, particularly for incarcerated individuals in detention facilities or those with diminished capacity.*



BROADER SOCIAL JUSTICE IMPLICATIONS: BIAS AND DISCRIMINATION

Neurotechnologies may perpetuate or exacerbate existing biases in the justice system. Brain imaging
studies have historically underrepresented diverse populations, leading to serious oversights in respect of
the representativeness of ethnic minorities and other vulnerable groups, such as persons with disabilities,
in datasets: potentially leading to discriminatory application.** Cultural, socioeconomic, and individual
differences may thus be cited as factors influencing brain structure, function or cognitive ability.* Such
misinterpretations could lead to parties propagating narratives that these factors influence pathological
or criminal predispositions.” Furthermore, the cost of accessing certain neurotechnologies could create
disparities in access to potentially exonerating or mitigating evidence.**

ETHICAL AND LEGAL FRAMEWORK CONSIDERATIONS

ADMISSIBILITY STANDARDS AND EXPERT TESTIMONY

Courts should develop appropriate standards for evaluating neurotechnologies-based evidence, building
upon existing frameworks such as the Daubert and Frye standards.”® Expert testimony requirements will
become ever more crucial given the complex, evolving nature of neuroscience and neurotechnologies
research and development. In addition, legal professionals will likely need further training with regard
to developing enhanced scientific literacy to effectively evaluate and present evidence linked to the
exploitation of neurotechnologies.’®

PRIOR AND INFORMED CONSENT AND PROCEDURAL PROTECTIONS

The implementation of neurotechnologies requires robust informed consent procedures, particularly
given the complexity of the underlying science and potential implications for legal proceedings.”” Special
protections may be necessary for vulnerable groups, including children, persons with disabilities, and
persons being held in custody, including pre-trial detention.

REGULATION AND PROFESSIONAL STANDARDS

Professional organizations and regulatory bodies engaged within the justice system will need to
develop extensive guidelines for the forensic application of neurotechnologies. These standards shall
require advancing knowledge and the education of advocates and address practitioner qualifications,
equipment specifications, data interpretation protocols, and ethical boundaries for the exploitation of
neurotechnologies in the justice system.*

FUTURE DIRECTIONS AND EMERGING QUESTIONS

The rapid pace of neurotechnology development promises continued evolution of applications in law. In
particular, the integration of artificial intelligence (AI) with evolving brain imaging capabilities may
enhance diagnostic accuracy.”” Portable, real-time monitoring devices could enable continuous assessment
of mental states and cognitive function.*” However, such advances in technical capabilities may in the
future also raise novel questions as regards surveillance, autonomy, and the appropriate limits of the use
of neurotechnologies beyond legal proceedings for the rule of law in democratic societies.



CONCLUSIONS

Neurotechnologies represent both tremendous opportunities and significant risk for justice systems
worldwide. Their potential to enhance accuracy, fairness, and understanding in legal proceedings is
substantial, offering tools to address longstanding challenges in truth determination, capacity assessment,
and rehabilitation. However, the current state of neuroscience and neurotechnologies research, combined
with continued concerns over human rights, transparency, accountability and reliability, thus demands
a cautious and thoughtful implementation of any neurotechnologies-based innovation.

The integration of neurotechnologies into legal frameworks requires interdisciplinary collaboration
among neuroscientists, legal scholars, ethicists, and practitioners. Robust validation studies, clear
admissibility standards, and comprehensive procedural protections are essential prerequisites for
responsible adoption. The ultimate goal must be enhancing justice while preserving fundamental rights
and human dignity.

Asneurotechnologies continue to evolve, the legal system must maintain a delicate balance between
embracing beneficial innovations and protecting against premature or inappropriate applications.
Success in this endeavour will require ongoing dialogue, careful empirical evaluation, and unwavering
commitment to both scientific rigour and human rights standards. The future use of neurotechnologies
in the justice system depends on our collective ability to harness powerful innovations in this domain
while safeguarding the values that underpin a fair and equitable justice system and the rule of law.

ADDITIONAL QUESTIONS FOR FURTHER RESEARCH:

1. Scientific validity: What standards of scientific rigour should be required before neurotechnologies
are deemed admissible in legal proceedings, and how should these standards evolve with advancing
research?

2. Due process: How do existing protections apply to neurotechnologies evidence collection, and what
new procedural safeguards may be necessary to protect individual rights?

3. Access and equity: How can the justice system ensure equitable access to neurotechnologies-based
evidence and prevent these tools from exacerbating existing disparities in legal outcomes?

4. Professional competency: What training and certification requirements should be established for
legal and medical professionals working with neurotechnologies and evidence in forensic contexts?

5. Therapeutic vs. punitive applications: How should the justice system balance the potential
rehabilitative benefits of the use of neurotechnologies for treatments with concerns regarding coercion
and individual autonomy and the respect of human rights?

6. Long-termimplications: What are the broader societal implications of integrating neurotechnologies
into legal proceedings, and how might these tools reshape our understanding of responsibility, agency,
and justice in society?
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