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Abstract

The integration of neuroimaging technology in criminal justice worldwide
has opened new avenues for understanding the neural underpinnings of
criminal behavior and improving the accuracy of legal processes. This
paper explores the application of neuroimaging techniques, such as
functional Magnetic Resonance Imaging (fMRI) and Positron Emission
Tomography (PET), in the context of criminal investigations and trials.
Neuroimaging provides insight into brain function related to intent,
deception, memory, and cognitive control, which is critical in determining
culpability and assessing mental states. By reviewing case studies and
current research, this study evaluates the potential benefits and ethical
challenges of using neuroimaging as evidence in court. The findings
suggest that although neuroimaging holds the promise of improving the
objectivity and reliability of criminal justice, its use should be conducted
with caution due to legal, ethical, and technical limitations. The paper
concludes with recommendations for the responsible integration of
neuroimaging into legal practice to ensure fairness and protect the rights
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of individuals. The implications of these findings for criminal law
enforcement in Indonesia are also discussed, highlighting the potential of
applying neuroimaging techniques to improve the fairness and
effectiveness of the legal system.
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Introduction

The development of neuroimaging began in the late 20th century with
the advent of technologies such as Magnetic Resonance Imaging (MRI)
and Computed Tomography (CT) scans.! These technologies were
initially focused on medical applications, especially for the diagnosis and
monitoring of brain diseases. MRI allows detailed images of brain
structures, while CT scans provide a quick view of internal conditions
without invasive procedures.? Over time, advancements in brain imaging
technology progressed rapidly, increasing the ability to visualize and
understand brain function in greater depth. In the years that followed,
particularly in the late 1990s and early 2000s, functional Magnetic
Resonance Imaging (fMRI) became increasingly prevalent in neuroscience
research. This technique allows researchers to examine brain activity in
detail by mapping areas involved in various cognitive and emotional
processes.® One important advance in fMRI is its ability to measure
changes in blood flow associated with neuronal activity, known as Blood
Oxygen Level Dependent (BOLD) contrast. In 1992, research by Seiji
Ogawa and colleagues introduced the BOLD-fMRI method, which
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provided deeper insights into how the brain works while engaged in
specific tasks.* Since then, fMRI has been used to map complex brain
functions, such as decision-making, impulse control and emotion
processing. Research conducted in the following decades continued to
refine the technique, improving its spatial and temporal resolution and
enabling integration with other neuroimaging techniques.® With these
advancements, fMRI has become a very important tool in understanding
brain mechanisms and human behavior, and has potential applications in
other fields such as psychology, education, and law.

In addition, technologies such as Positron Emission Tomography
(PET) began to be applied to image metabolic processes in the brain using
radioactive tracers. In the 1970s, this technique was developed by Michael
E. Phelps, Edward ]. Hoffman, and other researchers.® PET allows
scientists to view brain activity under various conditions, both normal and
pathological. Using radioactive tracer molecules injected into the
bloodstream, PET can detect changes in blood flow and metabolic activity
in different parts of the brain.” Since the 1980s and 1990s, PET has been
used to examine various neurological and psychiatric disorders, such as
Alzheimer's disease, schizophrenia and epilepsy. The technique has also
helped in research on normal brain functions, such as language processing,
memory, and emotions. As technology advancements and image
resolution improves, the use of PET is expanding into other fields such as
psychology, education, and law. In psychology, PET is used to understand
the neurological underpinnings of various mental and behavioral
processes. In the field of education, PET helps in research on how the
brain learns and processes information. In the legal context, PET has been
used to assess the mental state of defendants and provide additional

evidence in court. The use of PET in these various disciplines
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demonstrates its vast potential in helping to understand brain function
and apply that knowledge in various aspects of human life.?

With these developments, neuroimaging has opened new pathways in
scientific research, allowing scientists to link brain structure to specific
functions and human behavior. This technology provides the ability to
view brain activity in the context of various tasks and conditions, allowing
researchers to understand how different areas of the brain interact in
cognitive and emotional processes. Advanced tools such as fMRI and PET
have provided deeper insights into the neurological underpinnings of
human behavior, which were previously difficult to achieve with
conventional methods. Neuroimaging has also opened the door to new
approaches in understanding mental states and behaviors. Researchers can
identify patterns of brain activity associated with mental disorders, such as
depression, anxiety and schizophrenia with the ability to directly visualize
brain activity. This enables the development of more precise diagnosis
methods and more effective interventions. In addition, neuroimaging has
aided in research on neuroplasticity, which is the brain's ability to change
and adapt in response to experiences and the environment. Over time, the
capabilities of neuroimaging have continued to expand with
improvements in resolution and data processing speed. New innovations,
such as diffusion tensor imaging (DTI) and magnetoencephalography
(MEG), add new dimensions to human understanding of brain networks
and their functional dynamics.® The potential applications of
neuroimaging extend to a wide range of disciplines, including
neuroeconomics, neuroeducation, and neurolinguistics, each of which
combines neuroscience principles with their field of study to answer more
complex questions. Neuroimaging offers growing potential for cross-
disciplinary applications with continued advancements in technology and
methodology. Interdisciplinary research utilizing neuroimaging not only
enriches human knowledge of the brain but also contributes to the

8 OEUI bpw-1PEIUT wl OWEOBOW?/ OUPUUOOWS$OPUUDPOOWIOOOT UEXI
# B U O U BritethBtiGralulournal of Imaging Systems and Technol2gyno. 1 (March 1, 2012): €17,
https://doi.org/10.1002/IMA.22004.

S 200000 wW, OUPWEODBE W) PEOT aEOT wol EOT Ow?/ UPOGEDx Ol Uwldil wbil 1
OOw ! EUPEw -1 UUOUE bNed@dnl 51, 1nb.U b EQdplerberw 7, 2006): 5239,
https://doi.org/10.1016/j.neuron.2006.08.012.

Available online athttps://journal.unnes.ac.id/nju/index.phpl/ijcls/index


https://journal.unnes.ac.id/nju/index.php/ijcls/index

INDONESIAN JOURNAL OF CRIMINAL LAW STUDIES 9 (2) (2024)43-280 247

development of practical solutions to real problems, whether in medical,
educational, social, or legal contexts.
In recent decades, the application of neuroimaging has expanded

to the field of criminal law. The technology is used to understand the
mental state of defendants, determine their levels of responsibility, and
even predict the likelihood of future criminal behavior. In various
countries, evidence derived from neuroimaging has begun to gain
acceptance in court, although debates about its validity and ethics persist.
In Indonesia, the application of neuroimaging in law enforcement has
great potential to improve the fairness and effectiveness of the criminal
justice system. By utilizing this technology, law enforcement officials can
gain a deeper understanding of an offender's mental state, allowing for
more informed decisions. However, it is essential to establish clear
regulations and ethical guidelines to ensure that this technology is used

responsibly and does not infringe on individuals' rights.

Method

This research is using the normative method.?® Exploring the
potential use of neuroimaging technology in the criminal justice system is
essential to understand the neural underpinnings of criminal behavior and
enhance legal processes. The research utilizes a normative legal method,
which includes based, conceptual, comparative, and futuristic
approaches.* The nature of the research is descriptive-prescriptive??,
meaning it not only describes the current state of affairs but also provides
recommendations for future applications. Neuroimaging, such as
functional Magnetic Resonance Imaging (fMRI) and Positron Emission
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Tomography (PET), offers insights into brain functions related to intent,
deception, memory, and cognitive control, which are critical in
determining culpability and assessing mental states. When used in this
context, neuroimaging can provide objective data that may support or
refute claims made during legal proceedings. A comparative approach in
this study involves comparing the use of neuroimaging techniques with
existing methods of evidence gathering and evaluation in criminal
investigations and trials. The futuristic approach considers how
advancements in neuroimaging technology may transform legal practices
and improve the accuracy and fairness of criminal justice over the long
term. The collected data is analyzed using content analysis methods, a
common approach in legal and social research to interpret text data.®® This
analysis involves examining how neuroimaging evidence can be integrated
into the legal and judicial systems, as well as the ethical implications of its
use. The research also explores the potential impact on justice, including
the balance between technological advancements and the protection of
individual rights. Overall, this research highlights how innovations in
neuroscience and neuroimaging technologies can provide new insights and
improve the administration of justice. The ultimate goal is to enhance the
objectivity and reliability of criminal proceedings, thereby contributing to

a more just and effective legal system.

Result and Discussion

A. Evaluating the Accuracy of Neuroimaging in Determining

Criminal Intent

Neuroimaging techniques, particularly functional ~Magnetic
Resonance Imaging (fMRI) and Positron Emission Tomography (PET)
scans, have attracted considerable attention for their potential in
evaluating criminal intent.** fMRI measures brain activity by detecting
changes in blood flow associated with neuronal activity, while PET scans
track metabolic processes by using radioactive tracers to pinpoint active
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brain regions.'® Both techniques enable real-time visualization and analysis
of brain activity, providing insight into the cognitive processes underlying
human behavior, including the decision to commit a criminal act. For
example, with fMRI, researchers can identify activation patterns in brain
regions associated with decision-making and impulse control. This allows
researchers to distinguish between planned and impulsive actions. In
practical use, when one is suspected of a crime, neuroimaging can be used
to examine their brain activity during a debriefing session designed to
trigger a specific response. For example, fMRI can be used to observe
whether brain activation patterns are consistent with deliberate decision-
making or impulsive actions, providing additional evidence that can
support or refute claims made during legal proceedings. These methods
allow visualization of brain activity, providing deep insight into the
cognitive processes underlying human behavior, and ultimately aiding in
the assessment of criminal intent and responsibility. For example, in the
United States, fMRI techniques have been used in several legal cases to
provide insight into criminal intent and responsibility. One such famous
case is the Brian Dugan case in the state of Illinois in 2009.*® Brian Dugan,
a defendant in a murder case, underwent an fMRI scan as part of his
defense efforts. The scan aimed to show that Dugan had a brain disorder
that affected his ability to control impulses and make rational decisions.
The scans showed a different pattern of brain activity than the average
individual, which the defense argued supported the claim that Dugan's
actions were more impulsive than planned.’

In this case, fIMRI was used to examine Dugan's brain activity during
a debriefing session designed to trigger specific emotional and cognitive
responses. The data obtained from this scan was then used as additional
evidence in the trial to support the defense's argument regarding Dugan's
mental state at the time of the crime. While the fMRI evidence was not
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the sole determining factor in the verdict, it provided an additional

perspective that assisted the court in considering the more complex aspects

of criminal intent and responsibility.*®

Tabel 1

functional Magnetic Resonance Imaging (fMRI) Legal Process Stages

Description

Case Identification: Select a case based on
the relevance of evaluating criminal intent
through neuroimaging;

Medical History Collection: Collect the
suspect's medical and psychological
history to provide initial context regarding
their mental condition.

Written Consent: Obtain written consent
from the suspect after explaining the
procedure and purpose of the fMRI scan;
Physical and Mental Preparation: Prepare
the suspect physically and mentally for the
scan, including avoiding substances that
could affect the results.

No Stage

1 | Initial
Information
Gathering

2 | Subject
Preparation

3 | fMRI Scan
Execution

Experiment Design: Researchers design a
question-and-answer session to elicit
specific ~ cognitive and  emotional
responses. These questions are structured
to differentiate between planned and
impulsive actions;

Brain Scanning: The suspect undergoes
the fMRI scan, during which brain
activity is recorded in response to the
experimental stimuli.

By OUBw, w2OEUI Uwi OwEOS Ow?

in Neurosciencd0 (November 1, 2016): 110, https://doi.org/10.3389/FNINS.2016.00515/BIBTEX.
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4 | Data Analysis

Interpretation of Results: Analyze the
fMRI data to identify activation patterns
in brain regions associated with decision-
making and impulse control;

Comparison with Norms: Compare the
suspect's brain activity patterns with
typical patterns to assess deviations that

Legal Proceedings

may indicate impulsivity or
premeditation.
5 | Integration into Expert  Testimony:  Neuroscientists

provide expert testimony in court,
explaining the significance of the fMRI
findings in the context of the suspect's
mental state during the alleged crime;
Supporting Evidence: The fMRI results
are used as additional evidence to support
or refute claims made during legal
proceedings, contributing to a more
informed judgment.

6 | Ethical and Legal

Considerations

Ethical Review: Ensure that the use of
fMRI in the legal context adheres to
ethical guidelines and respects the rights of
the suspect;

Legal Framework: Consider the legal
implications and  admissibility ~ of

neuroimaging evidence in court, ensuring

compliance with judicial standards.

Source: processed from various sources

This real-life example demonstrates how neuroimaging, particularly

fMRI, can be used in a legal context to provide more in-depth evidence of

the cognitive processes and intentions behind criminal acts, and assist in

achieving more objective and informed justice. Furthermore, the use of

Positron Emission Tomography (PET) in a law enforcement context can

be invaluable, especially in areas that involve evaluating an individual's
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mental state and behavior.?® Here are some examples of how PET scans

can be linked to criminal law enforcement:

1. Assessment of suspect's mental health
PET scans can be used to evaluate a suspect's brain condition, especially
in cases where mental health is an important issue. For example, in cases
where the suspect claims to have a mental disorder that affects his ability
to understand his actions or distinguish between right and wrong. A
PET scan can help assess brain activity and detect abnormalities that
could support such claims.

2. Evaluation of Violent Behavior
Studies indicates that individuals with repeated violent behavior often
have abnormalities in their brain activity. PET scans can be used to
visualize areas of the brain that may be associated with aggressive or
impulsive behavior, such as areas that regulate impulse control and
empathy. This information can be important in the context of
sentencing or rehabilitation programs.

3. Evidence in Drug Cases
In cases involving drug abuse, PET scans can be used to indicate
changes in the brain caused by long-term use. This can be relevant in
the context of evidence in court to show the level of addiction or the
impact of drug use on a suspect's criminal behavior.

4. Evaluation of Understanding and Recall Ability
In cases where memory or the ability to understand events is key (for
example, in the case of eyewitnesses or suspects with amnesia claims),
PET scans can be used to evaluate brain functions related to memory
and understanding. This can help in determining the validity of the
claim.

5. Assessment of Neuropsychological Conditions
PET scans can assist in evaluating certain neuropsychological
conditions that may be relevant in criminal law cases. For example, in
cases involving individuals with organic or degenerative brain disorders,
PET scans can provide objective evidence of such brain conditions.

¥ )YEOI w"EOXxE]l OOw, OUPEUUAOWHEDODI Ow#dw+EOT Ol EIl OOWEOE W) E(
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6. Determination of Competency to Stand Trial

PET scans can be used as a tool in assessing a person's competency to

stand trial. If a suspect has a condition that affects their cognitive

abilities, the results from a PET scan can provide an objective picture of

the extent to which the condition affects their cognitive abilities and

competence.

Tabel 2

Stages of Positron Emission Tomography (PET) usage in criminal

law enforcement

No Stage

Description

1 | Patient Preparation

The patient is asked to fast and follow
specific  instructions  before  the

examination.

2 | Tracer Administration

A radioactive substance (tracer) is
injected into the patient's bloodstream.

3 | Tracer Absorption

The patient rests for 30-60 minutes to
allow the tracer to distribute and be
absorbed by the body's tissues.

4 | PET Scan

The patient lies on a table that moves
into the PET scanner to detect the
radiation emitted by the tracer.

5 | Data Analysis

The data collected by the scanner is
processed into images showing the
distribution of the tracer in the body.

6 | Evaluation and
Diagnosis

Doctors evaluate the images to make a
diagnosis or further treatment plan.

7 | Mental Health

Assessment of Suspects

Using PET scans to evaluate the brain
condition of suspects in the context of
mental disorder claims.

8 | Evaluation of Violent
Behavior

PET scans are used to visualize brain

areas associated with aggressive or

impulsive behavior.
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9 | Evidence in Narcotics Showing brain changes due to long-
Cases term narcotics use in the context of

courtroom evidence.

10 | Assessment of Using PET scans to evaluate brain
Understanding and functions related to memory and
Memory understanding in cases of amnesia

claims or testimonies.

11 | Neuropsychological Evaluating specific neuropsychological
Condition Assessment | conditions relevant in criminal cases.

12 | Determination of PET scans are used to assess a person's
Competency to Stand | competency to stand trial based on their
Trial cognitive condition.

Source: processed from various sources

With this application, PET scans can become an important tool in the
criminal justice system, providing scientific evidence that can assist in
diagnosis, evaluation of mental state, and even in decision-making
regarding sentencing or rehabilitation. The integration of this technology
can improve accuracy and fairness in the criminal legal process. However,
its effectiveness in identifying and measuring criminal intent remains a
topic of intense debate. fMRI measures brain activity by detecting changes
in blood flow, while PET scans track metabolic processes using radioactive
tracers. Both techniques have been used to distinguish between planned
and impulsive actions by observing brain activation patterns in regions
associated with decision-making, impulse control and moral reasoning.?

Despite its sophisticated capabilities, the reliability of neuroimaging in
a legal context has many challenges. The complexity of the brain means
that similar patterns of activity can correspond to very different mental
states, making it difficult to draw definitive conclusions about intent. In
addition, ethical and legal issues arise regarding the interpretation and
potential misuse of neuroimaging data in court. Although promising,

current neuroimaging methods require further refinement and validation
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before they can be considered a reliable tool for determining criminal
intent in judicial proceedings.

In the context of legal theory, principles such as fairness, due
process, and legal integrity are essential to ensure that these technologies
are used lawfully and fairly. The use of neuroimaging should ensure that
substantive justice is met by providing accurate and relevant evidence to
assess the mental state of the accused, as well as ensuring fair procedures,
including the right to self-defense and equal access to these technologies.?*
From a human rights perspective, the use of neuroimaging must take into
account the right to privacy, the right to a fair trial, and the right not to
be discriminated against. Highly sensitive neuroimaging data must be
protected with measures such as informed consent and strict data
protection. In addition, this technology should be equally accessible to
all parties in the judicial process to prevent unfairness and discrimination.
For example, in the Brian Dugan case in the United States, the use of
fMRI indicated brain abnormalities that affected his ability to control
impulses, although this evidence did not prevent the death penalty, it
provided an additional perspective on his mental state.?? The integration
of neuroimaging in the justice system must be done carefully to ensure
that this technology is used in a way that truly supports justice and

human rights.

B. Ethical Implications of Using Neuroimaging Evidence in Court

The use of neuroimaging evidence in court presents a number of
important ethical implications to consider. Here are some points to
consider:
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1. Accuracy and Validity
Neuroimaging evidence must have high accuracy and validity to be used
effectively in a legal context.? Techniques such as PET scans must be
utilized with a thorough understanding of their capabilities and
limitations. Accurate neuroimaging can provide valuable insights into
brain function and structure, potentially revealing conditions that may
affect a person's behavior or cognitive abilities. However, the
complexity of interpreting neuroimaging data should not be
underestimated. Interpretation errors can arise from various factors,
including the quality of imaging, the specific applied technology, and
the expertise of the interpreter. Such errors can lead to significant
mistakes in legal decision-making, such as misdiagnosing a mental
condition or misjudging a person's cognitive state. This, in turn, can
result in unfair outcomes, such as wrongful convictions or inappropriate
sentencing. Therefore, the use of neuroimaging in a legal context
requires not only precise and reliable technology but also in-depth
knowledge and expertise to ensure accurate interpretation and ethical
use.
2. Privacy and Confidentiality

The data generated from neuroimaging is highly personal and sensitive,
as it can reveal in-depth information about an individual's medical
condition and brain function. One obvious risk is that such information
could be used for other unintended purposes, such as disclosing medical
conditions irrelevant to a legal case or even for discriminatory purposes.
Such disclosures can be detrimental to individuals, both personally and
professionally and can also lead to social stigma. Therefore, protecting
the privacy of individuals subjected to neuroimaging is crucial. Privacy
protection measures should include strict regulations on who has access
to the data, how it is stored and protected, and ensuring that it is used
only for purposes to which the individual has explicitly consented. This
also includes providing subjects with clear and complete information
on how their data will be used and ensuring that their consent is
obtained in a truly informed manner. By doing so, the human right to
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privacy can be safeguarded and misuse of neuroimaging data can be
prevented.
3. Stigma and Labeling
Using neuroimaging results can lead to stigmatization or labeling of
individuals who are considered to have certain brain abnormalities.
When neuroimaging reveals brain abnormalities or disorders, the
individual may be perceived differently by the legal system and society.
For example, they may be perceived as potentially prone to re-offending
or incapable of fully assuming responsibility for their actions, regardless
of the actual context and details of their case. This kind of labeling can
result in discriminatory treatment and prejudice, diminishing the
individual's chances of receiving fair treatment in legal proceedings.
Beyond the legal context, this stigma can persist in everyday life,
affecting the individual's social relationships, employment
opportunities, and overall quality of life. Therefore, it is crucial to use
neuroimaging results with caution, considering the broader context,
including other social, psychological, and medical factors, to mitigate
the negative impact of stigma and unfair labeling.
4. Context and Interpretation

Neuroimaging results should be considered in the proper context and
should not be used as the sole evidence to determine legal decisions.
While neuroimaging can provide valuable insights into an individual's
brain state, these results should be viewed as part of a larger picture.
Other factors, such as an individual's social background, psychological
state, and medical history, are equally important in understanding
behavior and legal responsibility. For example, a person with
neuroimaging results indicating brain abnormalities may have a history
of trauma or mental disorders that affect their behavior. Ignoring these
factors can lead to unfair and legal decisions. Additionally, the
interpretation of neuroimaging results requires specialized expertise and
should be conducted by trained professionals to avoid errors in
judgment. Therefore, integrating neuroimaging evidence with other
relevant information ensures that legal decisions are made based on a
comprehensive and contextual understanding, upholding the principles

of fairness and accuracy in the legal process.
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5. Fairness and Impartiality
There are concerns that the use of neuroimaging evidence may reinforce
inequalities in the justice system. Access to neuroimaging technology is
not equal; it is often expensive and varies significantly across regions and
socio-economic groups. disparity can create bias in legal decision-
making as individuals who can afford and use neuroimaging evidence
may receive more favorable treatment than those who are unable to. For
example, defendants with the means to provide neuroimaging evidence
may more effectively demonstrate impairments or medical conditions
that could mitigate their sentences, while economically disadvantaged
defendants may lack the same opportunities. This situation can lead to
systemic injustice and exacerbate existing inequalities within the justice
system. Therefore, it is essential to develop policies that ensure fair and
equitable access to neuroimaging technology and implement measures
that address potential biases stemming from this unequal access, thereby
upholding the principles of fairness and impartiality in the legal process.

6. Informed Consent
Individuals undergoing neuroimaging must provide fully informed
consent regarding the procedure. Informed consent means that the
individual must be given a clear and complete explanation of the
purpose, risks, and potential implications of using the neuroimaging
data in their legal case. They need to understand how the data will be
used, who will have access to it, and what impact the neuroimaging
results may have on their legal proceedings. This includes potential risks
such as misinterpretation, invasion of privacy, or social stigma. Without
informed consent, the use of neuroimaging may violate an individual's
human rights and medical ethics. Therefore, it is important to ensure
that individuals have the opportunity to ask questions and receive all
necessary information to make an informed and voluntary decision
about their participation. This process should be conducted with full
transparency and respect for individual autonomy rights, ensuring that
the use of neuroimaging in the legal system is conducted ethically and
responsibly.

7. Potential for Misuse
There is a risk that neuroimaging results can be misused for unethical
purposes, such as attempting to prove non-existent guilt or reinforcing
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biases already present in the justice system. For example, neuroimaging
may be selectively used to support an accusation or defense without
considering the full context, leading to unfair decision-making.
Additionally, certain parties might exploit neuroimaging data to
reinforce stereotypes or prejudices against certain groups, further
entrenching systemic injustices in the legal system. These abuses not
only harm the individuals subjected to neuroimaging but also
undermine the integrity of the justice system as a whole. Therefore, it is
imperative to implement strict regulations and effective oversight
mechanisms to prevent the misuse of neuroimaging. These measures
should include clear ethical guidelines, training for legal and medical
professionals, and strict sanctions for ethical violations. By doing so, the
potential for misuse of neuroimaging can be minimized, ensuring that
this technology is used fairly and responsibly in a legal context.
8. Influence on Sentencing Policy

Neuroimaging evidence can influence sentencing policy, particularly in
determining whether an individual is considered fully responsible for
their actions. Neuroimaging results that reveal abnormalities or
disorders in the brain can be instrumental in assessing whether the
individual has sufficient mental capacity to understand and control
their behavior. This may lead to adjustments in punishment, such as
prioritizing the provision of medical treatment or rehabilitation over a
harsh prison sentence. However, the use of such evidence raises ethical
and philosophical questions regarding how justice and moral
responsibility should be addressed within the legal system. For instance,
should a person with a brain disorder be held less responsible for their
actions compared to individuals without such disorders? How do we
balance the need to protect society and the individual's right to
appropriate treatment? These questions reflect the complexity of
applying neuroimaging in sentencing policy, underscoring the
importance of approaching them thoughtfully and considering various
ethical and legal perspectives to ensure that justice is served.

Considering these ethical implications is crucial to ensure that the use

of neuroimaging evidence in court is fair, responsible, and does not harm
the individuals involved. In this context, it is essential to develop clear
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guidelines and professional ethics governing the use of neuroimaging in
legal proceedings, taking into account both its scientific advantages and
ethical risks. Protecting individual privacy, ensuring scientific validity, and
maintaining the fairness of the legal process should be key considerations
in integrating neuroimaging evidence into the justice system.*

The use of neuroimaging evidence in the justice system is an exciting
and controversial development in several countries. One famous case in
the United States that used neuroimaging evidence was the John Hinckley
Jr. case in 1982. Hinckley tried to assassinate President Ronald Reagan in
1981.% In his defense, his legal team presented evidence from CT
(Computed Tomography) scans to demonstrate that Hinckley suffered
from a significant mental disorder. Although neuroimaging technology of
the time was not as advanced as it is today, this evidence played a crucial
role in the argument that Hinckley was not criminally responsible due to
his mental illness. This case marked one of the early instances of brain
scanning technology in a legal context.

Another more modern case is that of Brian Dugan in 2009. Dugan
was sentenced to death for the murder of a young girl in 1983. His defense
team used fMRI (Functional Magnetic Resonance Imaging) scans to
demonstrate that Dugan had a brain disorder associated with
psychopathy.?® These scans provided insight into how Dugan's brain
functioned differently compared to individuals without the disorder..
Although this neuroimaging evidence was not sufficient to spare Dugan
from the death penalty, it introduced a new dimension to the defense by
attempting to explain his criminal behavior through neurological evidence.

In Italy, neuroimaging evidence was also used in the case of Andrea
Volterra in 2009. Convicted of a brutal murder, Volterra presented MRI
scans demonstrating severe brain damage from childhood trauma. This
evidence helped to commuting his sentence from life imprisonment to a
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lighter prison term.?” The court accepted the argument that the brain
damage reduced Volterra's moral responsibility for his actions,
highlighting how neuroimaging evidence can influence court decisions.
Meanwhile, in India, the Afzal Guru terrorism case in 2001, involved
the use of brain scans to assess deception. Although the applied technology
was different from fMRI, the use of brain scans illustrates how various
neuroimaging methods can be applied in a legal context. Guru was charged
and sentenced to death for his involvement in an attack on the Indian
parliament that same year.? A brain scan was utilized in an attempt to
determine whether he was lying during interrogation. While its use is
controversial and raises ethical debates, this case demonstrates the vast
potential of neuroimaging in various aspects of law enforcement.
Research and trials have been conducted to evaluate the usefulness

and limitations of neuroimaging technology in a legal context. Its wider
application remains constrained by ethical considerations, technical
reliability, and the need for results to be accurately interpreted within a
fair judicial process. Countries such as the United States, Italy, and India
also grapple with similar debates regarding the use of neuroimaging in
court. Each country has a different approach towards testing this
technology as legal evidence, taking into account relevant issues of ethics,
data security and scientific validity. As a result, the application of
neuroimaging as evidence in a legal context remains evolving and is
closely monitored to ensure the compliance with applicable legal and

ethical norms.

C. Comparative Analysis of Neuroimaging and Traditional Methods
in Criminal Investigations
A comparison between neuroimaging and traditional methods in

criminal investigation reveals significant differences in approach and
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utility. Traditional methods such as forensic examinations, eyewitness
accounts, and structured interviews, focus on collecting physical evidence
and first-hand accounts from witnesses to build a legal case. These
approaches often rely on direct observation and forensic analysis to gather
data that supports the existence of criminal intent or responsibility in a
crime. On the other hand, neuroimaging, such as functional Magnetic
Resonance Imaging (fMRI) and Positron Emission Tomography (PET)
scans, offer a more sophisticated approach by analyzing brain activity.?®
These technologies enable direct visualization and mapping of the
cognitive processes underlying human behavior, including decision-
making and impulse control.*® By providing a view of brain activity,
neuroimaging can offer additional information that is difficult or
impossible to obtain through traditional methods, such as insight into
hidden intentions or specific mental states that may be affecting a person's
consciousness or self-control.

Overall, this comparison indicates that neuroimaging provides
additional potential for a more in-depth and scientific understanding of
criminal behavior, but also requires a cautious approach to its use in the
judicial process to ensure fairness, scientific validity, and adherence to legal
ethical principles. In adopting neuroimaging in the criminal justice
system, Indonesia should consider several issues, taking into account the
available cultural, legal, and technological contexts. Here are some aspects
that can be considered:

1. Education and Training
Adequate education and training for legal professionals and
neuroimaging experts is essential to ensure proper understanding of
neuroimaging technology. This involves providing comprehensive
education programs and specialized training focused on how
neuroimaging works and the interpretation of the resulting data. For
instance, judges, prosecutors and advocates need to understand the basic
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principles of neuroimaging technologies such as fMRI (Functional
Magnetic Resonance Imaging) or PET (Positron Emission
Tomography), including how these technologies map brain activity and
what can be interpreted from the scan results. For instance, a judge who
has an in-depth understanding of these technologies will be better able
to evaluate neuroimaging evidence presented at trial, whether in
criminal or civil cases. Similarly, a prosecutor can use neuroimaging
data to support their argument regarding the defendant's mental state,
while an advocate can effectively challenge the interpretation of the data
with a strong scientific foundation. This training can be conducted
through seminars, workshops, online courses, and certification
programs in collaboration with academic institutions or professional
organizations that specialize in neuroimaging. With proper education
and training, legal professionals can ensure the ethical and accurate use
of this technology in the judicial process, thereby enhancing the fairness
and accuracy of legal decisions.
2. Regulations and Standards

Developing clear regulations and standards for the use of neuroimaging
in a legal context is a crucial step to ensure that this technology is used
ethically and appropriately. Such regulations should address several
important aspects, including ethical requirements, standardized
procedures for data capture and interpretation, and strict privacy and
data security protections. First, ethical requirements should emphasize
that the use of neuroimaging must not harm the individuals whose data
is collected. This means obtaining clear and informed consent from the
individual prior to brain scanning, as well as ensuring that the use of the
data is fully transparent and fit for the purpose for which it was agreed.
Second, standardized procedures for neuroimaging data collection and
interpretation need to be developed. These standards will ensure
consistency and accuracy in the results obtained, and minimizing errors
in data interpretation. For instance, only trained and certified
professionals should perform scans and analyze neuroimaging data. This
also includes the use of well-calibrated equipment and scientifically
validated analysis techniques. Third, regulations must include strict
privacy and data security protections. Neuroimaging data is highly
sensitive and can reveal deep personal information about individuals.
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Therefore, it is essential to ensure that the data is securely stored,
accessed only by authorized parties, and used only for purposes that
have been approved by the individual concerned. The implementation
of encryption technology and strong security protocols should be
integral to this regulation. With clear regulations and standards in place,
the use of neuroimaging in a legal context can be conducted responsibly,
avoiding misuse and ensuring the protection of individual rights. This
will increase public trust in this technology and ensure that it is used for
purposes that truly benefit the justice system.

. Validation and Research

Encouraging further research and validation on the reliability and
relevance of using neuroimaging in legal cases in Indonesia is essential
to ensure that this technology is reliable and useful in the judicial
process. Comprehensive research will help answer critical questions on
how neuroimaging can be used effectively and ethically in the
Indonesian legal context. First, research should focus on the reliability
of neuroimaging technology. This involves conducting studies that test
the consistency and accuracy of neuroimaging results under various
conditions and across different populations. For instance, investigations
can evaluate how factors such as age, gender and health conditions affect
the outcomes of brain scans. With valid and reliable data, legal
professionals can more confidently use this technology as evidence in
trials. Secondly, the relevance of neuroimaging in the Indonesian legal
context needs further exploration. This research could include case
studies that examine the use of neuroimaging in Indonesian courts,
assessing how this data is received by judges and lawyers, as well as its
impact on case outcomes. For instance, research could examine whether
neuroimaging evidence helps in determining the mental state of
defendants or victims in criminal and civil cases. Additionally,
collaboration between academics, legal professionals and neuroimaging
experts is crucial to develop proper guidelines regarding the use of this
technology. Through this cross-disciplinary cooperation, the best
methods for collecting, analyzing, and presenting neuroimaging data in
court can be identified. To support this research, governments and
educational institutions must provide adequate funding and resources,
including research scholarships, well-equipped laboratory facilities, and
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access to current scientific journals. With strong support, research on
neuroimaging and law in Indonesia can flourish and produce valuable
findings. Overall, by encouraging in-depth research and validation, the
use of neuroimaging in the judicial process in Indonesia can be
optimized. This will ensure that this technology is not applied not only
scientifically but also ethically and relevantly, thus making a positive
contribution to the legal system in Indonesia.
4. Public Awareness and Acceptance

Increasing public awareness and acceptance of the use of neuroimaging
in the courts is an important step to ensure this technology is widely
accepted and effectively used. Public education regarding the benefits,
limitations, and ethics of neuroimaging use can help reduce
unwarranted fears or concerns and promote better understanding of
how this technology can contribute to the justice system. First, public
education campaigns can be carried out through various media,
including television, radio, internet and social media. The information
conveyed must be clear and easy to understand by the general public.
For example, documentary programs or news segments explaining how
neuroimaging works, real cases where this technology has been used in
court, and highlight the benefits derived from its use. Second, seminars,
workshops, and panel discussions involving neuroimaging experts, legal
professionals, and community representatives can deepen community
understanding. These events can provide an opportunity for the public
to ask questions and get answers directly from experts, thereby
increasing confidence and acceptance of this technology. Third,
educational materials such as brochures, guidebooks and infographics
can be distributed in public places such as schools, universities, hospitals
and community centers. These materials should include information
about what neuroimaging is, how it works, its benefits in a legal context,
and the limitations and ethics that must be followed. A concrete
example is that organizing educational campaigns in high schools and
universities can teach students the basics of neuroimaging and its
potential applications in various fields, including law. By equipping the
younger generation with this knowledge, awareness and acceptance of
neuroimaging technology can be fostered from an early age.
Additionally, governments and related institutions can collaborate to
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develop policies that support transparency and accountability in the use
of neuroimaging. For example, the public should have access to
information regarding the standard procedures used in courts to ensure
that the use of neuroimaging is conducted ethically and aligns with the
law. With a comprehensive and inclusive approach, the public can gain
a clearer understanding of the benefits, limitations, and ethics of using
neuroimaging in court. This will not only increase public acceptance
but also ensure that this technology is applied in a way that truly support
the fairness and effectiveness of the justice system.

. International Collaboration

Participating in international cooperation to exchange knowledge and
experience on the use of neuroimaging in the justice system is a strategic
step that can help Indonesia adopt best practices from other countries
and overcome similar challenges together. This international
collaboration can take various forms of cooperation, including
conferences, seminars, joint research and exchange programs. First,
Indonesia can send a delegation of legal and neuroimaging experts to
international conferences and seminars focused on on the legal
applications of this technology. By participating these events,
Indonesian professionals can learn from the experiences of other
countries that have previously integrated neuroimaging into their justice
systems. For instance, they can explore how this technology is used in
the evaluation of a defendant's mental state or how neuroimaging data
is accepted as evidence in court. Second, engaging in joint research with
academic institutions and research centers in other countries can help
accelerate the development of appropriate standards and procedures for
the use of neuroimaging in Indonesia. This collaboration could include
comparative studies evaluating the reliability and effectiveness of these
technologies in various legal systems, as well as the development of new
methods to improve the accuracy and interpretability of neuroimaging
data. The findings of this joint research can inform policy and practice
in Indonesia. Third, establishing exchange programs between legal
professionals and neuroimaging experts from Indonesia and other
countries can improve their skills and knowledge. Through this
program, participants can directly observe how neuroimaging is applied
in legal cases in other countries, receive training from international
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experts, and bring back best practices that can be implemented in
Indonesia. For example, an Indonesian prosecutor may spend several
months working alongside a prosecutor in another country who has
experience using neuroimaging, and vice versa. Additionally, Indonesia
can participate in international organizations or professional networks
focusing on the use of technology in law. Through membership in these
organizations, Indonesia can stay up-to-date with the latest
developments in neuroimaging technology and gain access to the
resources, training, and support needed to effectively implement this
technology within the country. By participating in international
cooperation, Indonesia can not only learn from the best practices of
other countries but also contribute to the development of global
knowledge on the use of neuroimaging in the justice system. This
approach will help ensure that this technology is used in an ethical,
accurate and effective manner, thereby supporting the fairness and
effectiveness of the legal system in Indonesia.

With a careful and comprehensive approach, Indonesia can harness
the potential of neuroimaging to improve justice in the criminal justice
system, while maintaining important ethical, justice and privacy principles
in the national legal context. The future use of neuroimaging in the
Indonesian justice system can be linked to the principles of Pancasila,
which is the philosophical basis of the country. In particular, there are
several relevant connection points:

1. Social Justice

Pancasila, as the basis of the Indonesian state, emphasizes the
importance of social justice for all Indonesian people. In this context,
the appropriate use of neuroimaging in the justice system can play an
important role in ensuring that legal decisions are based on fair and
objective evidence, in line with the principles of social justice enshrined
in Pancasila.3! Neuroimaging, such as fMRI and PET scans, provides
scientific data that can be used to assess a person's mental and
neurological condition with high accuracy. In the justice system, this
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kind of evidence can help judges to understand the psychological
situation of the defendant or victim better, allowing for more precise
and fair decisions. For example, in cases where a defendant is suspected
of having a mental disorder, neuroimaging data can provide objective
evidence regarding the condition of his or her brain, which can
influence judgments about the defendant's legal responsibility. By
ensuring that legal decisions are based on sound and objective scientific
evidence, the use of neuroimaging supports the principles of social
justice by reducing the possibility of bias or prejudice in the judicial
process. Every individual, regardless of social, economic or other status,
has the right to a fair trial where decisions are based on the most accurate
and relevant evidence. In addition, the use of neuroimaging can also
help identify rehabilitation needs for defendants who are proven to have
mental disorders. Rather than simply handing out prison sentences, the
justice system could adopt a more humane and recovery-oriented
approach, in line with humanitarian values and social justice. For
example, a person proven to be mentally ill can be directed to receive
appropriate medical treatment and rehabilitation, rather than simply
being sentenced to prison, thereby increasing the chances of
rehabilitation and reintegration into society. To effectively integrate
neuroimaging into the justice system in a way that promotes social
justice, clear regulations and adequate training for legal professionals are
essential. This training should ensure that judges, prosecutors, and
advocates have a sufficient knowledge of this technology and are able to
interpret the data accurately . By doing so, the use of neuroimaging can
truly contribute to the establishment of social justice for all citizens, as
mandated by Pancasila. Overall, the appropriate use of neuroimaging
in the justice system can serve as a powerful tool to ensure fair and
objective legal decisions, thereby supporting the principles of social
justice prioritized in Pancasila.

. Public Welfare

One of the main goals of Pancasila is to achieve prosperity for all
Indonesian people. In order to achieve this goal, the adoption of
appropriate neuroimaging technologies in the justice system can play an
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