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ABSTRACT

Neuroscience is being integrated into criminal investigations, offering new opportunities for
understanding, predicting, and potentially preventing criminal behavior. In Nepal, brain-mapping
techniques like P300 wave tests and Brain Electrical Oscillation Signature profiling were used in a
murder investigation in 2024. However, ethical concerns include privacy concerns, false positives,
and the potential for false positives. Consent regarding neurobiological evidence in criminal cases
is crucial, as intrusive procedures may require individuals to be informed. The legal implications
of using neurobiological evidence could be severe if it serves to wrongfully accuse or convict
an individual. Therefore, the use of neuroscience in criminology must be carefully balanced to
ensure ethical considerations. This viewpoint interprets the potential of neuroscience in criminal
investigations, addressing ethical, privacy, consent, and legal issues within the Nepal Police and
criminal justice system.
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INTRODUCTION

Criminal and antisocial behaviors pose considerable
social and security risks, which certainly raise the
demand for new approaches to mitigate the problem.’
Thisfact makesitimperative forsocietytofind asolution
by using an innovative approach to counter criminal
and antisocial behaviors. Over the last two decades,
studies related to neuroscience have considerably
enlightened us about the brain processes involved
in criminal behavior.?2 These developments made it
possible to use neuroscience-based strategies in the
legal and judicial sciences. In fact, the identification
of biological markers in the neurobiology that
correlates with antisocial and violent acts has become
a promising development.® It is these developments
within neurocriminology that are giving police and
researchers new tools and methods to study, forecast,
and perhaps prevent such behavior.

Biological and Neurological Factors in Criminology

The biological theory in the field of criminology looks
into how various physiological and neurological
factors culminate into criminal behavior.*® This theory
is based on the "born criminal" theory of Cesare
Lombroso, who believed that certain physical features
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are indicative of criminal tendencies.” This has been
shrouded by much criticism, but it formed a basis
for understanding how the workings of the brain
constitute behavior. Brain mapping has identified how
areas of the brain, including the prefrontal cortex and
the amygdala, influence behavior.? Tumors, lesions,
and trauma to such sites have been associated
with impulsive behavior, violence, and antisocial
conduct.®' Neurotransmitters, such as serotonin and
dopamine, and hormones like cortisol and testosterone
also interact in the control of mood and aggression.™
Further intertwining the biological and environmental
aspects is the so-called "warrior gene"-MAOA-which
may offer some potential keys to prevention and
intervention in the study of criminology.

Applications of Brain-Mapping Technologies in
Criminal Investigations

Brain mapping is one of the promising technologies in
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this area and involves the testing for a P300 wave. It is
used to record the brain activities emitted in response
to certain images or words to decide on any person's
knowledge about a case.’>'® Another kind of technique
of brain fingerprinting is "Brain Electrical Oscillation
Signature (BEQOS) profiling can also distinguish
between witnesses and perpetrators" it has been used
in more than 1000 forensic cases.' This technique is
done to find what information a suspect has about a
crime in the case of some memories of experiences.
The suspect is exposed to three categories of words:
one which does not relate directly to the case, probe
words in the second category, which are directly
related to the case, and the target which is formulated
on the basis of the confidential findings.' The result of
using BEOS profiling was revolutionary and gave the
solid evidence to hook up the criminal behavior to his
brain activities. This new methodology replaced the
traditional way of doing investigation and the finding
of a suspect became more accurate and time-effective.
Now the use of brain mapping on criminal activities
is extremely appreciated and adopted by almost all
countries' police departments, especially in India,
where the judgment on the decision to use BEOS as in
the case of Maharashtra and the Chembur case.®

The First Instance of Brain Mapping Using BEOS
Profiling in a Landmark Murder Investigation

In early 2024, Nepal witnessed a groundbreaking
development in applying brain mapping to criminal
investigations. BEOS profiling was first used on a
murder investigation; it indicated that the suspect
had knowledge of the crime. Such technology in
legal processes has sparked controversy over the
scientific validity and the ethical concerns. BEOS
test sensitivity and specificity during the study
conducted by Technology Information Forecasting
and Assessment Council-TIFAC, India, New Delhi,
and Directorate of Forensic Science, Gandhinagar had
achieved 95% and 94%, respectively. At a cutoff set at
3 standard deviations from the scores of the control
group, specificity increased to 100%.'"® That is, it did
not mislabel any innocent people as involved. Critics
say that the technology violates privacy and will catch
too many false positives, while supporters claim it
has its value in evidence that might be impossible for
traditional techniques to obtain. As BEOS profiling
continues to be employed in criminal investigations,
the debate over its reliability and ethical implications
will likely persist.

The Intersection of Science and Law

This branch of science is developing, and with every
step in its development, it finds its application in the
legal system one way or another. Though the legal
system of Nepal depends on conventional methods
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of investigation, brain mapping has found its way
globally and is gaining momentum with every step
forward; therefore, this might affect criminal justice in
the near future. The use of brain imaging evidence in
criminal cases, particularly in capital trials in countries
like the United States, has been very guarded.” This
cautious reception is based on various ethical issues
and questions over reliability. European courts have
been even more conservative, while countries like
India and China have invested heavily in neuroscience
despite ongoing debates about the admissibility and
ethics of such evidence.®?

Limitations of Brain Mapping Technique

However, the technique of brain mapping is not devoid
of certain drawbacks. The most significant one is that
it is totally dependent on the subject for the familiarity
of information pertaining to the crime on account of
external factors such as media exposure or incidental
information. To put it differently, the identification of a
P300 wave or its analog in brain activity may not per
se be identified with guilt or involvement in a crime.
It is also followed by ethical problems with the aspect
of misuse, intrusion of privacy, and some give false
positives, which may lead to convictions of innocents.

WAY FORWARD

The integration of neuroscience into criminal justice
demands a multidimensional approach. This involves
creating accuracy and dependability of brain mapping
techniques such as BEOS profiling and the P300 wave
test in its development to establish standardized
protocols that generate consistent results, most
importantly, with high specificity of the tests if not
100% to ensure no innocent person is labeled guilty.
This will, in addition, help to manage the privacy
concerns and regulate neuroscience evidence in court
through the drawing up of stringent ethical guidelines
and legal vyardsticks. Increased collaboration by
neuroscientists, legal experts, and ethicists, along
with more comprehensive training and education,
will foster responsible use and interpretation of
these technologies. Furthermore, studies on the
brain in relation to crime have to be pursued to
find their implications for society and the public's
discursive activity. In this way, scientific progress
and ethics would be balanced, so that brain mapping
developments enhance justice without compromising
individual rights.

Acknowledgement:

We would like to express our sincere appreciation to
SSP Bhupendra Khatri for his invaluable guidance and
support on this matter. We also extend our gratitude
to the Kathmandu Valley Crime Division, District Police
Range Kathmandu, Kathmandu Valley Police Office in

OCTOBER 2024

Free Full Text Articles are Available at www.jnma.com.np



http://www.jnma.com.np
https://paperpile.com/c/ybsNhR/yNsv+19db

Rajbhandari et al. The Intersection of Neuroscience and Criminology: Role of Brain Mapping in Addressing Criminal Behavior...

Ranipokhari, and the Nepal Police Headquarters, IGP
Secretariat, for their assistance.

Conflict of Interest: None.

REFERENCES

1.

McRae L. Rehabilitating antisocial personalities: treatment
through self-governance strategies. ] Forens Psychiatry
Psychol. 2013 Feb;24(1):48-70. [PubMed | Full Text | DOI]

Relationship with Alcohol and Trauma. Biology. 2023 Mar
20;12(3). [PubMed | Full Text | DOI]

11. Montoya ER, Terburg D, Bos PA, van Honk J. Testosterone,
2. Institute of Medicine (US) Committee on a National Neural cortisol, and serotonin as key regulators of social aggression:
Circuitry Database, Pechura CM, Martin JB. Advancing A review and theoretical perspective. Motiv Emot. 2012
Neuroscience in the Decade of the Brain. In: Mapping the Mar;36(1):65-73. [PubMed | Full Text | DOI]
Brai d Its Functions: Integrating Enabling Technologi
o an s Funcions: iegrating Babing tecmmoioges 12. Yen C, Lin CL, Chiang MC. Exploring the Frontiers
into Neuroscience Research. National Academies Press (US); ) : . .
. of Neuroimaging: A Review of Recent Advances in
1991. [PubMed | Full Text | DOI] . . L ) .
Understanding Brain Functioning and Disorders. Life. 2023
3. Blankenstein NE, de Rooij M, van Ginkel J, Wilderjans TF, Jun 29;13(7). [PubMed | Full Text | DOI]
de Ruigh EL, Oldenhof HC, et al. N biological lat . . .
¢ ul.g L ento e & meuroblotoglcd’ correrates 13. What is the P300 in Event-Related Potentials (ERPs)?
of antisociality across adolescence and young adulthood: R R X
. . [Internet]. TMSi; 2023 [cited 2024 Sep 3]. Available from:
a multi-sample, multi-method study. Psychol Med. 2023 httos: / /info.tmsi bl hat-is-the-p300-i A
Apr;53(5):1834-49. [PubMed | Full Text | DOI] ps://info.tmsi.com/blog/what-is-the-p300-in-event-re-
lated-potentials-erps. [Full Text]
4. Sajid IA. Biological Theories of Crime. 2017 Mar 13 [cited . . . .
. . 14. Mukundan CR, Sumit S, Chetan S. Brain Electrical Oscillations
2024 Aug 26]. Available from: https://www.academia. Sienat il BEOS) e th ‘
edu/31836838/Biological_Theories_of_Crime. [Full Text] ignature profiling ( ) for measuring the process o
remembrance. EC Neurology. 2017;8(6):217-30. [Full Text]
5. SCCJR. Theori d f crime. Available from:
] cories .an cause of crime. Avatiabie trom 15. Basu S, Kacker P. Comparision Between Positive And
https:/ /www.sccjr.ac.uk/wp-content/uploads/2016/02/ . . . . o
. o Negative Probes by Using Brain Electrical Oscillations
SCCJR-Causes-of-Crime.pdf [Full Text] ) o )
Signature Profiling System. International Journal of Research
6. Bedoya A, Portnoy J. Biosocial criminology: History, theory, and Analytical Reviews. 2022;9(4):361-9. [Full Text]
research evidence, and policy. Victims & Offenders. 2023 16. Brain Electrical Oscillation Sienat Int ; ited 2024
Nov 17;18(8):1599-629. [Full Text | DOI] . Brain Elec l‘ICE? scillation Signature [In erne‘]. .[CI ?
Sep 6]. Available from: https://legalserviceindia.com/
7. Machado H, Granja R. Biological Explanations of Criminal legal/ article-6680-brain-electrical-oscillation-signature. html.
Behaviour. Forensic Genetics in the Governance of Crime. [Full Text]
2020;33-44. [Full Text | DOI
[Full Text | I 17. Jones OD, Marois R, Farah M], Greely HT. Law and
8. SunS, YuH, YuR, Wang S. Functional connectivity between neuroscience. ] Neurosci. 2013 Nov 6;33(45):17624-30.
the amygdala and prefrontal cortex underlies processing of [PubMed | Full Text | DOI]
emotion ambiguity. Transl Psychiatry. 2023 Oct 28;13(1):334. . . X . )
[PubMed | Full Text | DOI] 18. Kraft C]., Gllolrdano ']. Integrating Brain Science a.nd Law:
Neuroscientific Evidence and Legal Perspectives on
9. Alexandra Kredlow M, Fenster RJ, Laurent ES, Ressler Protecting Individual Liberties. Front Neurosci. 2017 Nov
KJ, Phelps EA. Prefrontal cortex, amygdala, and threat 8,11:307778. [PubMed | Full Text | DOI]
processing:  implications for PTSD. Neuropsycho- 19, Narvaez Mora M. How L 4N . b
pharmacology. 2022 Jan;47(1):247-59. [PubMed | Full Text | - Narvaez Jiora WL How Law and Neuroscience became a
DOI] new field of study. Bioethics Update. 2019 Jul 1;5(2):75-88.
- [Eull Text | DOI]
10. Fritz M, Soravia SM, Dudeck M, Malli L, Fakhoury M.
Neurobiology of Aggression-Review of Recent Findings and
/”“©The Author(s) 2024.
This work is licensed under a Creative Commons Attribution 4.0 International License. The images or other third party material in this article
are included in the article’s Creative Commons license, unless indicated otherwise in the credit line; if the material is not included under the
Creative Commons license, users will need to obtain permission from the license holder to reproduce the material. To view a copy of this
\_license, visit https:/creativecommons.org/licenses/by/4.0/
711 JNMA | VOL 62 | ISSUE 278 | OCTOBER 2024

Free Full Text Articles are Available at www.jnma.com.np



http://www.jnma.com.np
https://creativecommons.org/licenses/by/4.0/
http://paperpile.com/b/ybsNhR/55Jp
http://paperpile.com/b/ybsNhR/55Jp
http://paperpile.com/b/ybsNhR/55Jp
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3756620/
https://www.tandfonline.com/doi/full/10.1080/14789949.2012.752517
10.1080/14789949.2012.752517
http://paperpile.com/b/ybsNhR/Aazv
http://paperpile.com/b/ybsNhR/Aazv
http://paperpile.com/b/ybsNhR/Aazv
http://paperpile.com/b/ybsNhR/Aazv
http://paperpile.com/b/ybsNhR/Aazv
http://paperpile.com/b/ybsNhR/Aazv
https://pubmed.ncbi.nlm.nih.gov/25121208/
https://nap.nationalacademies.org/catalog/1816/mapping-the-brain-and-its-functions-integrating-enabling-technologies-into
10.17226/1816
http://paperpile.com/b/ybsNhR/us6t
http://paperpile.com/b/ybsNhR/us6t
http://paperpile.com/b/ybsNhR/us6t
http://paperpile.com/b/ybsNhR/us6t
http://paperpile.com/b/ybsNhR/us6t
https://pubmed.ncbi.nlm.nih.gov/34446120/
https://www.cambridge.org/core/journals/psychological-medicine/article/neurobiological-correlates-of-antisociality-across-adolescence-and-young-adulthood-a-multisample-multimethod-study/083D618F941B3B3B684173B55D034A89
http://paperpile.com/b/ybsNhR/V8gN
http://paperpile.com/b/ybsNhR/V8gN
https://www.academia.edu/31836838/Biological_Theories_of_Crime
https://www.academia.edu/31836838/Biological_Theories_of_Crime
https://www.academia.edu/31836838/Biological_Theories_of_Crime
http://paperpile.com/b/ybsNhR/4Ws7
https://www.sccjr.ac.uk/wp-content/uploads/2016/02/SCCJR-Causes-of-Crime.pdf
https://www.tandfonline.com/doi/full/10.1080/15564886.2022.2133035#abstract
https://doi.org/10.1080/15564886.2022.2133035
http://paperpile.com/b/ybsNhR/zEFq
http://paperpile.com/b/ybsNhR/zEFq
http://paperpile.com/b/ybsNhR/zEFq
https://link.springer.com/book/10.1007/978-981-15-2429-5
10.1007/978-981-15-2429-5_3
http://paperpile.com/b/ybsNhR/jwcm
http://paperpile.com/b/ybsNhR/jwcm
http://paperpile.com/b/ybsNhR/jwcm
https://pubmed.ncbi.nlm.nih.gov/36747862/
https://www.biorxiv.org/content/10.1101/2023.01.24.525116v1
10.1101/2023.01.24.525116
http://paperpile.com/b/ybsNhR/5LWQ
http://paperpile.com/b/ybsNhR/5LWQ
http://paperpile.com/b/ybsNhR/5LWQ
http://paperpile.com/b/ybsNhR/5LWQ
https://pubmed.ncbi.nlm.nih.gov/34545196/
https://www.nature.com/articles/s41386-021-01155-7
10.1038/s41386-021-01155-7
http://paperpile.com/b/ybsNhR/eTMK
http://paperpile.com/b/ybsNhR/eTMK
http://paperpile.com/b/ybsNhR/eTMK
http://paperpile.com/b/ybsNhR/eTMK
https://pubmed.ncbi.nlm.nih.gov/36979161/
https://www.mdpi.com/2079-7737/12/3/469
10.3390/biology12030469
http://paperpile.com/b/ybsNhR/B8NL
http://paperpile.com/b/ybsNhR/B8NL
http://paperpile.com/b/ybsNhR/B8NL
http://paperpile.com/b/ybsNhR/B8NL
https://pubmed.ncbi.nlm.nih.gov/22448079/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3294220/
10.1007/s11031-011-9264-3
http://paperpile.com/b/ybsNhR/HTrS
http://paperpile.com/b/ybsNhR/HTrS
http://paperpile.com/b/ybsNhR/HTrS
http://paperpile.com/b/ybsNhR/HTrS
https://pubmed.ncbi.nlm.nih.gov/37511847/
https://www.mdpi.com/2075-1729/13/7/1472
10.3390/life13071472
http://paperpile.com/b/ybsNhR/Yhul
http://paperpile.com/b/ybsNhR/Yhul
https://info.tmsi.com/blog/what-is-the-p300-in-event-related-potentials-erps
https://info.tmsi.com/blog/what-is-the-p300-in-event-related-potentials-erps
https://info.tmsi.com/blog/what-is-the-p300-in-event-related-potentials-erps
https://ecronicon.net/assets/ecne/pdf/ECNE-08-00256.pdf
https://ijrar.org/papers/IJRAR22D1401.pdf
http://paperpile.com/b/ybsNhR/OFCi
http://paperpile.com/b/ybsNhR/OFCi
https://legalserviceindia.com/legal/article-6680-brain-electrical-oscillation-signature.html
https://legalserviceindia.com/legal/article-6680-brain-electrical-oscillation-signature.html
https://www.legalserviceindia.com/legal/article-6680-brain-electrical-oscillation-signature.html
http://paperpile.com/b/ybsNhR/VOAx
http://paperpile.com/b/ybsNhR/VOAx
https://pubmed.ncbi.nlm.nih.gov/24198354/
https://www.jneurosci.org/content/33/45/17624.long
10.1523/JNEUROSCI.3254-13.2013
http://paperpile.com/b/ybsNhR/yNsv
http://paperpile.com/b/ybsNhR/yNsv
http://paperpile.com/b/ybsNhR/yNsv
http://paperpile.com/b/ybsNhR/yNsv
https://pubmed.ncbi.nlm.nih.gov/29167633/
https://www.frontiersin.org/journals/neuroscience/articles/10.3389/fnins.2017.00621/full
10.3389/fnins.2017.00621
http://paperpile.com/b/ybsNhR/19db
http://paperpile.com/b/ybsNhR/19db
https://www.bioethicsupdate.com/previous/BIOUP Vol 5 (2019)/BIOUP2019_v5_n2_075-088.pdf
10.1016/j.bioet.2018.10.001

