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ABSTRACT

According to the Indonesian Code of Criminal Procedure, the evidentiary system in criminal law remains
grounded in the principle of individual responsibility, which presumes free will. However, the
incorporation of neurocriminological approaches into legal practice introduces ontological and
epistemological conflicts that have not been systematically addressed by existing legal frameworks. This
study aims to examine the tension between the concept of individual criminal liability and the deterministic
framework of neuroscience and evaluate the admissibility of neuroscientific evidence within the criminal
evidentiary system. This study employs a normative legal method with a conceptual approach. The findings
indicate that Indonesia's criminal law lacks a conceptual framework capable of bridging the gap between
moral culpability and biological vulnerability, thereby risking a loss of coherence in the attribution of legal
responsibility to offenders. Furthermore, the absence of normative and procedural mechanisms for
assessing the validity, limits, and relevance of neuroscientific evidence creates epistemic asymmetries and
opens the door to bias in judicial proceedings. Under such conditions, integrating neuroscience into the
legal system risks generating ambiguity in determining liability and undermining the principle of
substantive justice. Accordingly, a normative reconstruction of evidentiary law is required as a foundational
step to ensure legal consistency in responding to scientific advances.
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1. INTRODUCTION

Criminal law is constructed upon the assumption that individuals possess the freedom to choose
and are accountable for the consequences of their choices (Jumantoro & Firdausy, 2025). The normative
framework of Indonesia’s criminal justice system presumes that offenders can understand their actions
and exercise self-control in accordance with legal norms. Sentencing is administered based on the principle
of individual responsibility, which requires a causal relationship between intent, volition, and action (List,
2024). Within this structure, the legal subject is interpreted through a normative rather than a biological
lens. This model also implies that the evidence presented in court must explain events through juridical
reasoning, not merely through scientific determinants.

As scientific knowledge advances, explanations of criminal behaviour have begun to incorporate
interdisciplinary perspectives, including neuroscience (Serban, 2025). Neurocriminology, a convergence of
neuroscience and criminology, seeks to identify correlations between brain structures, neurological
functioning, and deviant behavioral tendencies. Several studies have identified links between abnormalities
in the prefrontal cortex and increased impulsivity, aggression, and a diminished decision-making capacity.
When such biological findings are used as a basis for evaluating criminal culpability, a tension arises
between the deterministic framework of neuroscience and the legal principle of individual accountability.
This tension calls for a philosophical and normative inquiry into the position of human agency within the
evidentiary structures of criminal adjudication.

Over the past two decades, the use of scientific evidence in courtrooms has become increasingly
prevalent, including digital evidence, DNA analysis, and forensic psychology (Rao et al., 2023). In several
jurisdictions, neuroscientific data have been introduced as part of legal defenses, particularly in arguments
involving mental disorders or claims of diminished legal capacity. Cases such as Mobley in the United States
and Waldroup in Italy have sparked broader debate over the admissibility and probative weight of
neuroimaging results in determining criminal liability (KKhalid et al., 2024). These developments suggest
that courts are gradually moving beyond conventional legal facts and beginning to engage with biological
data that purports to explain the defendant’s behavior.

However, this trend has not developed systematically in Indonesia. Although psychiatric
arguments have occasionally been employed in defence strategies, neuroscience remains peripheral to the
evidentiary structures of criminal trials. The Indonesian Code of Criminal Procedure (IKUHAP) contains
no specific provisions governing the admissibility of such evidence. Consequently, the legal status of
neuro-evidence remains ambiguous. Judges tend to defer to expert testimony without clear guidelines
regarding scientific validity, methodological rigor, or the boundaries of expert authority. This institutional
gap reveals a structural imbalance between the technological capacity to generate scientific data and the
legal system’s preparedness to assess and regulate such data.

Furthermore, the Indonesian judicial system lacks procedural mechanisms to test the scientific
credibility, reliability, and academic acceptability of the submitted evidence. There is no equivalent to
the Daubert Standard adopted in the United States, which allows judges to evaluate the scientific
methodology and foundational legitimacy of evidence before it is admitted at trial (Dias & Jacobsen, 2023).
In practice, neuroscientific evidence is often treated as a by-product of expert opinion rather than as
objective data with its own epistemic status. Reliance on personal authority instead of methodological
scrutiny exposes judicial decisions to subjective interpretations, thereby undermining the integrity of
verdicts. In the absence of institutional safeguards, the use of scientific technology risks becoming arbitrary
and unaccountable.

Another challenge arises from the limited epistemological awareness of law enforcement officials
and legal practitioners regarding the distinction between scientific data and legal proof. In neuroscience,
fMRI or EEG results are probabilistic and subject to margins of error that must be interpreted within a
scientific framework, not through the lens of legal certainty (Beam et al., 2021). The gap between scientific
validity and legal probative force has not been methodologically addressed (Rosenzweig, 2022). Courts
demand definitive conclusions, whereas neuroscience offers probability ranges. This misalignment
introduces interpretive risks when neuroscientific results are used to support or negate legal responsibility.
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These conditions reveal an evolving evidentiary landscape that Indonesia’s positive legal system
has not adequately addressed. Scientific advancement is outpacing the legal system’s capacity to adapt,
creating a disjunction between the biological understanding of behavior and the moral assumptions
embedded in the legal doctrine. Without a coherent conceptual and procedural foundation, the judicial
acceptance or rejection of neuroscientific evidence becomes inconsistent and vulnerable to bias. This
poses a serious threat to the substantive fairness of criminal adjudication.

An additional issue concerns the lack of clear boundaries between scientific validity and legal
relevance in the use of neuroscientific data (Pernu & Elzein, 2020). If courts are to consider brain scans
as either exculpatory or aggravating evidence, a legal standard must be established to ensure that such data
is credible, measurable, and protected from manipulation. However, in the absence of such normative and
procedural tools, judges are left without a reliable framework to assess the evidentiary strength of these
submissions. This uncertainty creates opportunities for technological misuse and undermines procedural
safeguards, such as the due process of law.

This research is necessary to address the challenges of integrating neuroscience into Indonesia’s
criminal justice system, which currently lacks the normative and procedural infrastructure to manage such
integration effectively. Without a critical understanding of the epistemological and ontological implications
of neurocriminology in evidentiary practice, the legal system risks incorporating scientific technologies
without adequate regulation. These consequences affect not only the quality of judicial decisions but also
the foundational concept of legal responsibility, namely, the pursuit of justice.

Some prior studies have explored the relationship between neuroimaging and judicial outcomes,
particularly regarding the use of fMRI in sentencing and mitigation. However, most of these studies
originate from jurisdictions that have already developed procedural standards to evaluate scientific
evidence in court (Perricone et al., 2022). In Indonesia, systematic research examining the role of
neurocriminology in the evidentiary system, in terms of legal responsibility or evidentiary admissibility, is
lacking. This gap underscores the need for a study that not only clarifies but also interrogates the legal
system’s readiness to engage with biological determinants in evaluating criminal liability.

This study aims to address two primary issues: first, the conceptual tension between deterministic
approaches in neurocriminology and the principle of individual accountability in Indonesian criminal law;
second, the evaluation of legal evidentiary standards as they relate to neuroscientific evidence. The
contribution lies in developing an analytical framework for assessing the position of neuro-evidence within
criminal law and proposing conceptual and procedural foundations that may inform future legal reform.
The findings of this study may serve as a reference point for the formulation of more adaptive procedural
policies in line with advances in scientific knowledge.

2. METHODOLOGY

This study employs a normative legal research approach. Normative legal research examines legal
norms, rules, and principles in statutory regulations. This study adopts a conceptual approach, focusing
on the analysis of legal concepts, principles, and theories relevant to the subject matter. In this context, a
conceptual approach is used to explore the tension between the principle of individual criminal
responsibility and the deterministic perspective in neurocriminology. Additionally, it is used to assess the
position of scientific evidence within the procedural structure of criminal law and the conceptual
boundaries between scientific validity and legal probative force.

The data in this study were collected through library research and subsequently analyzed
qualitatively and presented descriptively. Primary legal materials include relevant statutory provisions, such
as the Indonesian Penal Code (KUHP) and the Indonesian Criminal Procedure Code (KUHAP).
Secondary legal materials consist of scholarly works from journals, books, and official documents that
discuss criminal liability, evidentiary law, and the theoretical development of neurocriminology. All data
were subjected to qualitative analysis using descriptive-analytical methods. The analytical process involved
identifying legal issues, examining relevant legal principles and concepts, and constructing normative legal
arguments to address the identified problems of the study.
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3. RESULT AND DISCUSSION

3.1. Ontological Dilemma: Is the Brain Criminal?

The classical conception of a legal subject in criminal law is predicated on the existence of free will
as the foundation of accountability. An offender is viewed as an individual who consciously chooses to
commit an unlawful act and is therefore subject to moral and legal responsibility (Kadir & Mappaselleng,
2025). In this doctrine, culpability is not merely the outcome of physical actions but an expression of
morally reprehensible intent. Indonesian criminal law adopts this position through the principle of nulla
poena sine culpa, which underpins general penal doctrine (Nugroho & Eskanugraha, 2023). This framework
treats the actor as an autonomous and rational entity detached from any biological determinants or
neurological conditions that may influence behavior.

Neurocriminology challenges this normative framework by introducing a biological approach to
criminal behavior analysis. Research in this field has identified associations between structural or functional
brain abnormalities and increased tendencies towards aggression, impulsivity, or antisocial conduct. For
example, damage to the prefrontal cortex has been linked to impaired decision-making, emotional
regulation, and behavioral planning (Ouerchefani et al., 2021). If such impairments are chronic and beyond
the subject’s control, the question arises as to whether the individual truly comprehends the legal
consequences of their actions. This argument leads directly to an ontological issue: can criminal
responsibility remain valid if the subject is governed by neurobiological factors?

Assuming that deviant behavior can be neurologically explained shifts the locus of culpability from
volition to brain circuitry (Darby, 2023). Consequently, responsibility previously grounded in moral agency
must be reconsidered through a biological lens. From this perspective, the offender is no longer seen as a
fully autonomous moral agent but as a biologically compromised system. Such reasoning risks eroding the
moral foundation of criminal punishment by reframing criminal acts as outcomes of neural dysfunction
rather than manifestations of intent. This shift in the locus of crime constitutes the core of the ontological
dilemma posed by the integration of neurocriminology into criminal law.

A neuroscience-influenced model of accountability also affects how culpability is categorized. If
legal systems acknowledge that neurological disorders can diminish an individual’s capacity to understand
or control their actions, the boundary between responsibility and non-responsibility becomes blurred.
Currently, this capacity is usually assessed through psychiatric evaluation, but neurocriminology proposes
assessments based on quantitative biological data, such as brain imaging results. This transition is not
merely a matter of evidentiary technique, it implicates the ontological question of who qualifies as legally
culpable. Should individuals with chronic neurological deficits still be held accountable for their actions?

From the standpoint of Indonesian law, the existing legal system lacks conceptual tools to
accommodate such an approach. Neither the Criminal Code (KUHP) nor the Criminal Procedure Code
(KUHAP) provides an explicit framework for assessing culpability based on biological parameters.
Neurological arguments are typically subsumed under mental disorder defences, evaluated through
forensic psychiatry rather than serving as an autonomous basis for liability (Meynen, 2020). This illustrates
that the national legal framework continues to treat the legal subject as a fully rational entity and has not
yet recognised that biological systems may influence volitional capacity. Without a conceptual revision,
neurocriminology’s entry into legal reasoning will encounter both logical and normative resistance.

The presence of neuroscientific evidence in courtrooms introduces consequential problems
(Mishra, 2024). When biological evidence is invoked to support claims of diminished responsibility, there
must be defined parameters for distinguishing legal capacity from neurological incapacity. In the absence
of clear guidelines, courts risk admitting deterministic arguments indiscriminately, ultimately relativising
criminal liability. If brain damage can negate accountability, then the volitional foundation of the penal
structure becomes vulnerable to subordination by biological claims that are not always legally verifiable.

It is important to recognise that the deterministic approach in neuroscience is not absolute. Much
neurological data is probabilistic rather than categorical. Abnormalities in specific brain regions may
increase the risk of antisocial behaviour but do not directly cause criminal acts. Such correlations cannot
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be equated with legal causation. In judicial processes, the burden of proof is prescriptive and oriented
toward certainty, while biological data often contains ambiguities. The use of neuro-evidence without a
coherent normative framework can destabilise the system of assessing culpability and sentencing.

In response, the criminal law must re-evaluate how it defines the legal subject. This is not to replace
the concept of free will with biological determinism, but to create an integrative space where legal and
medical understandings can coexist. The legal subject should still be regarded as a moral agent, yet one
whose volitional capacity may be affected by specific neurological conditions. Such a reformulation
requires clear legal parameters on when and to what extent biological impairments can reduce or eliminate
responsibility. Without this, the legal system remains in an ambiguous position accepting scientific input
without understanding its boundaries.

3.2. Epistemological Clash: Scientific Evidence vs Legal Proof

A fundamental distinction between law and science lies in their epistemological structures. Law
operates through a prescriptive system of socially binding norms, while science progresses through
observation, hypothesis, and verification an inherently provisional and revisable process (Setiadi et al.,
2021). When scientific data is introduced into legal proceedings, it brings together two epistemic
frameworks that are not inherently compatible. In criminal justice, proof is governed by the principle of
certainty and judicial conviction (Dmytrrieva, 2021). In contrast, neuroscientific assessments are
probabilistic, inherently ambiguous, and dependent on technical parameters. This disparity forms the
foundation of the epistemological tension between scientific validity and the legal standard of proof.

In the context of neurocriminology, data produced by instruments such as fMRI or EEG does not
directly establish guilt but indicates patterns of brain activity associated with certain types of behaviour
(Alsharif et al., 2021). Such data is not self-explanatory; it requires expert interpretation, statistical
modelling, and contextual understanding. Meanwhile, the legal system demands evidence that is direct,
relevant, and sufficient to establish guilt beyond reasonable doubt (Smith, 2022). When neuro-evidence is
presented in court, judges are confronted with scientifically valid information that may not satisfy legal
standards of admissibility or probative force. This misalignment creates an interpretive gap that cannot be
resolved without appropriate legal instruments.

Scientific evidence is often presumed to carry a higher degree of epistemic authority than other
types of evidence in criminal trials. However, this presumption can be misleading if it is not accompanied
by a critical understanding of the nature and limitations of scientific data. In neurocriminology, for
instance, fMRI data has notable constraints in both spatial and temporal resolution. Interpreting patterns
of brain activation relies on theoretical assumptions that may not be universally accepted. If such data is
used to infer intent or legal responsibility, the risk of oversimplification arises contradicting the cautious
reasoning required in adjudication. Scientific sophistication does not automatically translate into legal
relevance.

Some jurisdictions have responded to this epistemological tension by establishing admissibility
standards for scientific evidence. In the United States, for example, the Danbert Standard requires that
scientific evidence meet four criteria: empirical testing, peer review, known error rates, and general
acceptance within the relevant scientific community (Recupero, 2022). Such standards not only shield
courts from pseudoscientific claims but also provide a structured framework for judges to assess whether
scientific data is suitable for legal use. In the absence of such standards, courts are at risk of accepting
scientific claims uncritically and using them in ways that exceed their intended scope.

Indonesia has yet to develop a comparable standard for assessing scientific evidence in criminal
trials. The Criminal Procedure Code (KUHAP) recognises five types of evidence: witness testimony,
expert testimony, documents, indications, and statements of the accused. Neuroscientific evidence is
generally subsumed under expert testimony, even though it originates from objective instruments and
methodologies. In practice, the distinction between expert opinion and objective data becomes blurred.
Without technical guidelines for evaluating data quality, judges tend to rely on the reputation of the expert
rather than scrutinise the underlying methodology. This reliance on personal authority weakens the
transparency of the evidentiary process.
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The epistemological issues intensify when scientific data is used to justify determinate legal
decisions. An fMRI result, for instance, may show decreased activity in a brain region associated with
impulse control (Zhukovsky et al., 2020). Yet, such data cannot conclusively establish that this deficit
caused a specific criminal act. Neuroscience is not designed to produce legal conclusions; its function is
to describe tendencies or vulnerabilities. When judges rely on such data to justify sentencing or acquittal,
a shift occurs from legal proof to scientific validation that cannot always be reconciled with normative
legal standards.

Another emerging risk is the cognitive effect known as neuro-realism, the tendency to perceive brain-
based data as more objective, accurate, and neutral than other forms of evidence (Perkins et al., 2023). In
courtroom settings, this can introduce bias among judges, prosecutors, and defence counsel, encouraging
them to overvalue neurological data despite its questionable legal relevance. This effect is amplified by the
persuasive visual appeal of brain scans, which are symbolic representations rather than definitive
indicators. Overconfidence in visualised evidence risks reducing the complex question of legal
accountability to a medicalised reading.

The admissibility of scientific evidence is also intertwined with issues of access and equity within
legal processes. Not all defendants have the resources to obtain neurological assessments or secure
testimony from forensic neuroscience experts. If neuro-evidence is permitted as a basis for defence or
sentence modification, disparities may emerge between well-resourced defendants and those lacking such
access. As evidentiary standards increasingly rely on advanced technologies accessible only to certain
parties, the principle of equality before the law becomes compromised. The integration of science into
law, therefore, is not merely an epistemic concern but one that directly impacts procedural fairness.

Within the Indonesian legal framework, no normative instrument currently exists to manage this
complexity. Judges are not equipped with evaluative tools to assess the validity or potential bias of scientific
data. Nor is there a technical institution tasked with reviewing scientific methodologies prior to their use
in court. This regulatory vacuum leaves the system open to data manipulation and the misuse of scientific
authority by parties with vested interests. Institutional mechanisms are needed not only to determine
whether scientific data is empirically valid but also whether it is legally admissible under the principles of
justice, transparency, and accountability.

3.3. Procedural Gap: The Admissibility of Neuro-Evidence in Indonesian Courtrooms

Indonesia’s criminal procedure system is structured around a conventional evidentiary model.
Article 184 of the Criminal Procedure Code (KUHAP) recognises five forms of evidence: witness
testimony, expert opinion, documents, indications, and statements of the accused. It does not explicitly
acknowledge scientific evidence derived from technological instruments (Sucia & Deswari, 2024).
Neuroscientific data produced through fMRI, EEG, or neuropsychological tests lacks autonomous legal
standing and is instead filtered through expert testimony. This absence of recognition regarding the
independent status of scientific data obscures the boundary between objective information and personal
opinion. Consequently, questions arise concerning how the legal system screens, evaluates, and regulates
the use of neuroscientific evidence in court.

In practice, judges tend to accept neuroscientific data insofar as it is delivered by experts deemed
credible (O’Brien et al., 2022). However, there is no normative framework regulating how the validity of
the methods, laboratory standards, or technical parameters of such data should be assessed. When
neurobiological evidence is used to support defence arguments or justify sentence modification, no formal
admissibility test ensures that the data meets an evidentiary standard comparable to other legally accepted
forms of proof. In the absence of specific procedures, neuro-evidence becomes an extension of personal
expert authority rather than an evidentiary entity grounded in its own verifiability.

Unlike more procedurally developed systems such as those in the United States or the United
Kingdom, Indonesia has yet to establish a pre-trial admissibility hearing mechanism to evaluate scientific
evidence (Wang, 2020). In models like Danbert or Frye, judges are granted the authority to assess in advance
whether the scientific method used satisfies standards of acceptability within the relevant scientific
community (Kwong, 2019). Such procedures are essential to prevent the introduction of unverifiable or
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controversial methods into the courtroom. The lack of a similar mechanism in Indonesia means that
evidentiary evaluation begins and ends in the courtroom, without prior filtration. This weakens
institutional control over the entry of scientific data into legal processes.

A further issue lies in the documentation and transparency of data acquisition. Neuroscientific
evidence such as fMRI not only requires expert interpretation but also depends on a data collection process
governed by specific protocols. The quality of the results can be influenced by technical factors such as
scanner resolution, scan duration, or the psychological condition of the subject during examination.
Without standardised documentation procedures subject to independent review, the data presented by
experts cannot be subjected to adversarial testing in court. This situation undermines the principle of
contradiction in criminal procedure, which requires that evidence be open to challenge and
counterargument.

The problem extends beyond data collection and evaluation into the domain of the defendant’s
rights. If neuro-evidence is used to assess levels of culpability or legal responsibility, defendants must have
the right to access, understand, and respond to such data. However, not all defendants are equipped with
legal representation capable of grasping the technical intricacies of neuroscience. This asymmetry creates
the risk that complex scientific evidence may be used without commensurate comprehension or defence.
The result is a weakening of the principle of equality of arms, producing an epistemic imbalance between
prosecution and defence (Arslan, 2022).

In certain cases, the possibility arises that neuro-evidence may be selectively or manipulatively
deployed. For example, the defence might invoke neurological data to construct a narrative of diminished
responsibility, even when the data bears no direct causal link to the criminal behaviour in question (Vitacco
et al., 2024). Without strict safeguards and adversarial checks, the potential for misuse of scientific data
remains open. Such risks can lead to systemic bias, where technology becomes a tool of litigation strategy
rather than a mechanism for advancing truth in legal proceedings.

Courts also face dilemmas regarding the probative value of neuroscientific evidence. Is such
evidence sufficient to negate criminal responsibility, or does it merely serve as a mitigating factor in
sentencing? In the absence of defined parameters, the answer to this question depends heavily on judicial
discretion (Alimardani, 2023). This creates the danger of inconsistent rulings. Without normative guidance
on the evidentiary function of neuro-data, judicial decisions risk becoming arbitrary and difficult to
standardise. In the long term, this undermines legal certainty (Aven & Flage, 2022).

It is important to recognise that integrating scientific evidence into the legal system is not solely a
matter of admissibility, but also of sustained management and evaluation. Without procedural frameworks,
courts operate in a normative vacuum that erodes scientific accountability. A legal system that welcomes
technological innovation must also establish mechanisms for methodological evaluation, laboratory audit,
and expert registry structures that can be independently verified. Absent these safeguards, the judiciary
risks falling behind the pace of scientific development, leaving legal decisions vulnerable to individual
authority rather than grounded in data quality.

Reform of criminal procedure must therefore address both technical and procedural dimensions
to enable responsible admission of scientific evidence. Merely revising the list of recognised evidentiary
types is insufficient. Technical instruments must be developed to allow for systematic admissibility testing
prior to courtroom use. Such mechanisms would not only protect the rights of defendants but also
strengthen the legitimacy of judicial rulings. A legal system capable of adapting to scientific advancement
is not one that accepts all innovations uncritically, but one that filters and integrates them with precision,
transparency, and a commitment to justice.

4. CONCLUSION

As long as Indonesia's criminal justice system adheres to a normative assumption of free will and
personal accountability, the integration of neurobiological approaches generates a substantial ontological
conflict. The deterministic perspective offered by neurocriminology challenges this foundational
assumption by presenting criminal behaviour as the product of empirically measurable neurological
dysfunction. In the absence of a conceptual framework that bridges the divide between moral
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responsibility and biological vulnerability, the legal system risks losing coherence in determining who may
be held accountable, and on what grounds such accountability should be assigned.

Without normative and procedural mechanisms to regulate the admission, evaluation, and
limitation of neuroscientific evidence, Indonesia’s evidentiary system remains exposed to epistemic bias
and disparities in access. The absence of legal instruments capable of assessing the methodological
soundness of scientific data renders the courtroom dependent on the personal authority of experts, rather
than on the verifiability of the data itself. This condition poses a serious threat to principles of justice, as
it opens the door to manipulation and widens the gap between the advancement of scientific knowledge
and the legal system’s ability to manage it responsibly.
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