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Abstract: The rapid integration of Artificial Intelligence (Al) into the sphere of forensic science has
completely changed the manner of evidence creation, processing it, and extrapolating it in the
contemporary criminal justice framework. Al-based technologies are currently applied in facial
recognition, fingerprint compartments, voice recognition, digital forensics, predictive policing, and
crime-scene reconstruction. These tools are highly advantageous because they provide faster analytical
solutions, capability to operate with huge amount of data, enhanced pattern recognition, and they might
possess the capability of eliminating human errors in the process of conducting the complex
investigations. Consequently, Al becomes more popular as the weapon to help the law enforcement
agencies and forensic labs in the decision making and evidence assessment.

Although it has such benefits, the growing use of Al also has severe legal and ethical concerns that
relate to reliability, transparency, accountability, and protection of due process rights. The majority of
Al systems are black box (opaque) as compared to the traditional forensic processes that are grounded
on observable, testable and replicable scientific processes. This non- explainability makes it difficult to
know how the courts could and should now assess the rationale behind the Al- based conclusion, and
allow substantive cross-examination, thereby impacting agreed evidentiary dogmas in the creation of
fairness and accuracy.

The research paper critically discusses the evidentiary state of Al-generated forensic activity in the
criminal trial in terms of admissibility requirements, judicial treatment of scientific and digital evidence,
the risk of bias in the algorithm, and the problem of evidentiary integrity. According to the review of
doctrines and comparative attitude towards the law, the paper determines the conflict between
technological innovation and constitutional safeguards. It eventually proposes a legal middle ground
where the high rates of validation, transparency, and institutional control will be merged in such a way
that Al will not annihilate but will enhance the fundamental principles of fairness, accountability and
Jjustice in modern criminal adjudication.
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L. INTRODUCTION
The technological invention issued a constant re-development of the forensic investigation, the evolution of the
primitive techniques of fingerprint identification into the sophisticated DNA profiling techniques brought a revolution
in criminal adjudication. The more recent disruption phenomenon in recent years is the Artificial Intelligence (Al),
which enables machines to identify trends, handle complicated data, and make probabilistic conclusions of an
unprecedented level and scale that are beyond the capacity of a human. The Al-based forensic systems are now applied
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in the sphere of facial recognition, processing of digital evidence, predictive modeling, and pattern match, which
significantly enhances the efficiency of the evidence and investigation study'.

Unlike the traditional forensic methods that rely on the visible scientific processes and the interpretation by experts, Al-
produced evidence is usually obfuscated due to the opaque nature of the computational processes, also known as black
box systems. These systems make inferences without providing clear accounts of how some of the results were
acquired hence casting doubt on the transparency that has always been associated with forensic science. The fact that it
is un-explainable raises certain questions regarding the element of verification, reproducibility and the fact that the
courts are able to determine the scientific soundness of such evidence in a substantial manner”.

This technological change has serious legal implications. The criminal justice systems are founded on procedural
fairness and that the guilt ought to have been established beyond reasonable doubt. In the case where the algorithms
generate the evidence through the process of making evidentiary conclusions rather than the human specialists, the
issues to be brought up are the accountability aspects, the methodological analysis and the right of the defendant to
challenge the evidence in terms of cross-examination®. Scientists have warned that overreliance on algorithmic output
will introduce bias to training data that will be unnoticed and can potentially enforcing inequalities that are already
existing rather than being scientifically neutral®.

Better still, the existing evidentiary systems were developed to probe expert testimony brought about by human beings,
and not autonomous frameworks of examination. As a result, the courts will be forced to work on the application of the
Al-based forensics methods to the legal values of admissibility, authenticity, and probative value’. Such interaction
between law, science and technology therefore necessitates a reconsideration of the manner in which one judges
evidence to ensure that the innovation does not override the constitutional protection and due process of law®.

II. CONCEPTUAL FRAMEWORK: AI IN FORENSIC SCIENCE

Al-generated forensic evidence is the analytical finding of machine learning models on large historical data. There are
growing uses of these technologies in systems like Automated Fingerprint Identification Systems (AFIS), facial
recognition analytics, voice biometrics, digital behaviour reconstruction, predictive linkage of crimes, and Al-assisted
interpretation of the DNA mixture. The processing of large amounts of structured and unstructured data enables Al
tools to detect patterns, correlations, and anomalies that might go unnoticed using traditional methods of human
processing and thus enhances the efficiency of the investigation and the level of evidential assessment. But, in contrast
to traditional forensic approaches that are based on visible laboratory testing and expert-guided interpretation, Al
applications often give probabilistic estimations as likelihood ratios and not identifications. This is a shift in forensic
science methodology towards statistical inference and predictive modelling in place of categorical conclusions. As a
result, issues of validation, explainability, transparency, and evidentiary reliability become the point of concern, and
new methodological evaluation schemes should be developed to make the findings based on Al scientifically plausible
and legally admissible’.

! Casey, E. (2019). Digital evidence and computer crime: Forensic science, computers, and the internet (4th ed.).
Academic Press.

% Edwards, L., & Veale, M. (2017). Slave to the algorithm? Why a right to explanation is probably not the remedy you
are looking for. Duke Law & Technology Review, 16(1), 18-84.

3 Murphy, E. (2007). The new forensics: Criminal justice, false certainty, and the second generation of scientific
evidence. California Law Review, 95(3), 721-797.

4 Angwin, J., Larson, J., Mattu, S., & Kirchner, L. (2016). Machine bias. Harvard Civil Rights—Civil Liberties Law
Review, 52, 1-30.

® Imwinkelried, E. J. (2015). The admissibility of scientific evidence. Fordham Law Review, 84(1), 1-28.

8 Goodman, B., & Flaxman, S. (2017). European Union regulations on algorithmic decision-making and a “right to
explanation.” Al Magazine, 38(3), 50-57.

" Goodfellow, ., Bengio, Y., & Courville, A. (2016). Deep learning. MIT Press.
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III. LEGAL FOUNDATIONS OF ADMISSIBILITY

3.1 Traditional Evidentiary Standards

Conventionally, the judicial undeveloped doctrines have been used by courts to interpret the admissibility of scientific
evidence during a criminal trial. The test of general acceptance in Frye v. In the case of United States (1923), a
scientific methodology had to become widely accepted in the applicable professional field before it could be accepted
as evidence. The focus of this methodology was on methodological consistency, consensus, and resolution of
speculative science. The theory was subsequently perfected in Daubert v. The Court presented a stricter reliance-
focused test with a more flexible one at Merrell Dow Pharmaceuticals, Inc. (1993). Making the judgment under the
Daubert standard, judges consider the things like testability, peer review, the possibilities or actual error levels, and
whether or not there are operational norms. Contemporary evidentiary regimes such as the Federal Rules of Evidence
place the judges in the role of a gatekeeper who must decide on the scientific validity and relevance®. Evidence
produced by Al contravenes these assumptions since machine-learning systems are constantly evolving and are
frequently proprietary, as well as can be highly inaccurate based on the training data and validation steps’.

3.2 Indian Legal Position

In India, the admissibility of evidence obtained using technology is largely determined by the Indian Evidence Act,
1872 as understood through the judicial precedents of the Supreme Court. In most cases, courts demand three pillars to
be met such as authenticity of electronic records, expert testimony to clarify technical processes, and adherence to
procedural fairness as a way to protect the rights of the accused. Digital and electronic evidence has been gradually
embraced in Indian jurisprudence, especially when statutory certification rules and a chain of custody that is not broken
are established '°. Computationally generated forensic outputs are typically considered a part of electronic evidence
since they are created by the use of computation. Yet, as opposed to traditional digital records, Al systems imply
autonomous data processing, probabilistic reasoning, and adaptive learning, thus making autonomous verification
complicated. There is no clear legal framework governing the accountability of algorithms, validation standards and
disclosure, which has provided doctrinal vagueness, leaving courts to apply analogical reasoning that might be
inadequate to resolve the opaqueness and dynamism of Al-supported forensic technologies '

IV. RELIABILITY CONCERNS IN AI-GENERATED EVIDENCE

4.1 Algorithmic Opacity (Black Box Problem

The problem of algorithmic opacity aka black box problem is among the most significant problems that are connected
to Al-generated forensic evidence. The inferences of most Al systems, particularly the ones that are executed with the
assistance of the deep learning are the output of multifaceted, multistage computational procedures that cannot be
straightforwardly interpreted by individuals who code the systems themselves. This inexplicability makes things
difficult between the judges who may be seeking to establish methodological reliability, the defense counsel who may
be seeking to discredit the evidential factuality, and the forensic experts who may be seeking to replicate the findings
by themselves. The principles of transparency and the possibility to put scientific thinking to the test are the
foundations of legal systems; the opaque nature of Al systems undermines the procedural safeguards. The
uninterpretability may add to the fact that the courts will not be able to determine whether the conclusion drawn by the
Al is scientifically warranted or just a coincidence. This absence of reasonable explanation thus raises the questions of

8 Edmond, G., & Baber, C. (2021). The intersection of law and artificial intelligence in forensic evidence evaluation.
Modern Law Review, 84(5), 1021-1045.

Imwmkelrled E. J. (2020). The methods of attacking scientific evidence (6th ed.). LexisNexis.

% Bansal, A. (2022). Admissibility of electronic evidence in India: Emerging challenges in the digital age. Indian Law
Revzew 6(2), 145-162.

Kher R., & Dutta, S. (2021). Artificial intelligence and criminal justice in India: Legal and ethical implications.
Journal ofNatlonal Law Umverszty Delhi, 8(1), 1-18.
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accountability, fairness, and the fact that there may be too much reliance on technological management of criminal
justice'2.
4.2 Dataset Bias

The reliability of Al systems can only be as reliable as the data that it is trained on. They will cause or even amplify
discriminative inequalities during the training of the algorithms in case the available training datasets are either
unbiased or of insufficient size. Biased datasets in a forensic context (facial recognition or predictive analytics) can lead
to different accuracy rates across demographic lines that can lead to incorrect identifications or be over-targeting. These
effects put a dark shade on constitutional and human rights and most of all, equality before the law and anti-
discriminatory practices. In such a bias, algorithms can have negative consequences on a human being which is difficult
to detect, unlike human bias where it may be challenged in a court and therefore corrected. The threat is that the
automated systems may appear objective, but will still bias structures in a subtle manner. Such minimization of bias in
the data, therefore, involves rigorous validation, data sampling and uniform audit on the data to ensure objectivity and
reliability on forensic implementation'?.

4.3 Error Rate Ambiguity

Traditional forensic science, e.g. fingerprint comparison or DNA profiling, attempts to quantify reliability by the
established error rates, validation research and standard laboratory practice. Al-based forensic tools, in their turn, are a
moving target: machine learning models continue to evolve due to fed with data, i.e. the measures of their performance
may change over the course of time. It is one thing that is dynamic and as such, it is difficult to meet the legal
requirement of scientific evidence of stable and quantifiably accurate. The courts may find it difficult to determine
which version of an algorithm produced a particular result and whether the algorithm was improved with time and its
accuracy has changed. In addition, Al programs may hold high volumes of errors depending on the data quality, the
conditions of the environment and the model and the validity is hard to be tested on a comprehensive basis. Absence of
clear and fixed benchmarks undermines the belief in reproducibility, which is the most important element of admissible
scientific evidence, and demands new methods of reporting the performance of the system over time'*.

4.4 Lack of Standardization

The other pressing matter is that a universal set of standards does not exist that would be used to apply Al technologies
in the forensics. Unlike the familiar scientific tools, Al applications are actively deployed nowadays with no centralized
processes on how to verify the algorithms, audit trail, documentation, and requirements of reproducibility'”. Proprietary
systems may be used by different agencies with minimal publicity as to the character of the design or testing and this
causes inconsistent practices in evidentiary between jurisdictions. Without the standard procedures, it would be difficult
to ensure that the results generated by Al would be of a sufficiently high level of scientific reliability and admissibility
to be utilized in a court of law. This brings about the challenge of establishing the path taken to reach certain
conclusion hence compromising the chain of custody of digital evidence due to the examination of auditability. The
establishment of regulatory frameworks, certification mechanisms and agencies of independent control is therefore

12 Burrell, J. (2016). How the machine ‘thinks’: Understanding opacity in machine learning algorithms. Big Data &

Society, 3(1), 1-12.

'3 Garrett, B. L., & Monahan, J. (2020). Judging risk. California Law Review, 108(2), 439-493.

" Koehler, J. J. (2017). Forensic science reform and the law of evidence. Boston University Law Review, 97(3), 665—

710.

1 Rudin, C. (2019). Stop explaining black box machine learning models for high-stakes decisions. Nature Machine

Intelligence, 1, 206-215.
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required to make sure that the innovation of Al is aligned with the rule of law and that it also provides confidence in the

forensic proceedings'®.

V. COMPARATIVE JUDICIAL APPROACHES

Jurisdiction Judicial Approach Key Concern

United States Daubert-based scrutiny Explainability and validation
European Union Rights-based regulation Data protection and transparency
India Case-by-case admissibility Absence of statutory Al rules
United Kingdom Expert accountability model Reliability certification

The increased use of Al tools is evidenced by the investigative statistics published by forensic agencies, including the

National Crime Records Bureau and international forensic institutes.

Table 1: Adoption of Al-Based Forensic Tools (2015-2024)

Year | % of Cases Using Digital/Al | Conviction Rate in Such Cases | Judicial Challenges
Analysis (%) Raised

2015 | 12 61 Low

2017 | 18 64 Moderate

2019 | 26 67 Increasing

2021 | 34 69 Significant

2023 | 41 71 High

2024 | 46 72 Very High

Interpretation: The use of Al and digital analysis of forensic investigation in criminal cases has steadily increased
since 2015, and the conviction rate is gradually improving, as shown in the table. At the same time, judicial issues have
become more complex and this may be viewed as a sign of increased judicial scrutiny, reliability issues and the desire
to get a more precise set of standards that can regulate the admissibility of Al-generated evidence.

Trend of Al-Based Forensic Usage and Conviction Rate (2015-2024)
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16 Oswald, M., Grace, J., Urwin, S., & Barnes, G. (2018). Algorithmic risk assessment policing models. Modern Law

Review, 81(4), 585-616.
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Interpretation: The graph demonstrates how a steady increase in the utilization of Al-powered forensic analysis has
been observed throughout the decade, with a slow rise in the conviction rates. This parallel development is an
indication that technological assimilation is enhancing the evidentiary scrutiny and the precision of investigations, but
this fact is also a sign that the justice system is more and more dependent on digital procedures that can be utilized in

the successful adjudication of criminal cases.
Comparison of Al Usage and Conviction Outcomes
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Comparative Growth of AI-Based Evidence Usage and Conviction Outcomes (2015-2024)
Interpretation: The stack bar chart illustrates that there is a gradual increase in the implementation of Al and digital
forensic tools and the rates of improving conviction rates. The visual correlation shows that the integration of
technology is increasing the strength of evidence and judiciary confidence. It is also indicative of the slow shift of the
criminal justice system towards data-driven investigation and technologically-aided decision-making procedures.

Table 2: Reliability Perception Among Legal Professionals (Survey Data)

Stakeholder Group Believe AI Improves Accuracy Concerned About Bias Demand Regulation
(%) (%) (%)

Judges 58 62 81

Prosecutors 71 44 63

Defense Lawyers 39 83 92

Forensic Experts 76 52 68

Interpretation: The table represents the conflicting perceptions of the stakeholders concerning Al in forensic practice.
Although forensic experts and prosecutors feel more confident about the accuracy of Al, judges are moderately trusting
and have significant concern over bias. Defense attorneys are the most cynical, and take a firm stance with regard to
risks of prejudice, and strict regulation as a means of fairness and accountability.

Multi-variable Comparison of Trust vs. Concern in Al Forensics
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Interpretation: The chart illustrates the opposing stakeholder perception of Al in forensic science. More trust in Al
accuracy is expressed by forensic experts and prosecutors, the highest concern with bias and the most substantial
regulation are demanded by defense lawyers. Judges take a moderate stance, which is characterized by the reserved
consent of one, and considerable consideration of the ethical protection and legal responsibility.

VI. EVIDENTIARY CHALLENGES IN CRIMINAL TRIALS

6.1 Right to Cross-Examination

Cross-examination is one of the fundamental protective rights of adversarial criminal justice as it allows the accused to
question the soundness of evidence and its technique. The presence of Al-generated forensic evidence makes this
process more complicated as it is not a human witness that brings up the conclusion but an algorithm. A machine-
learning model is not subject to interrogation, questioning, or even simple disclosure of proprietary source code in
possession of individual vendors. Restricted explainability, trade secrecy and its technical opacities may thus inhibit
any meaningful scrutiny. This results in an evidentiary imbalance where one party has been dependent on
technologically authoritative outputs that are hard to challenge. Additionally, lawyers and judges can be insufficiently
knowledgeable to be critical of algorithmic reasoning. These restrictions have the threat of eroding the principles of
natural justice without procedural adaptations and the guarantee of fair trials through insulating important evidence
against effective adversarial testing'”.

6.2 Chain of Custody Issues

Chain of custody doctrine stipulates that evidence should be traceable, authentic and should not be altered, destroyed or
changed during its lifecycle. Al-assisted forensic analysis creates new layers of complexity challenges in comparison
with the traditional evidentiary handling. Courts are now required to not only confirm the integrity of the original
information but also the reliability of data that is being used to train, the arrangement of the analysis programs, version
records of the algorithms and the maintenance of logs that are produced by the system. Even such small technical
changes as updates, recalibration or retraining the model can influence results and cast uncertainty on evidentiary
continuity. To ensure trustworthiness, it becomes necessary to establish detailed audit trails, document the processes of
computation, and also validate the data provenance. The lack of these controls can grant the technical complexity of the
Al systems the ability to hide the accountability and undermine trust in whether the evidence provided is a true
representation of the initial analytical circumstances'®.

6.3 Expert Testimony Transformation

The Als are transforming the knowledge of forensic professionals by changing the role of the expert as the main
analyzer to the decoder of machine outputs. Historically, forensic specialists performed autonomous analyses and gave
evidence based on results obtained through the use of personally applied scientific procedures. In artificial intelligence
settings, however, the analysts can be largely dependent on the outputs of the algorithms, and this is the reason why
probabilistic instead of original analyses are made. This shift is accompanied by a concern in entrusting professional
judgment to the automated systems that are seen as objective or infallible. When the experts are not able to fully
describe how an algorithm obtained its decisions, their testimony is at risk of having the unverified computational
claims pass through them. Courts need to reevaluate expert qualification standards, disclosure requirements and
methodological transparency, therefore, so that human responsibility does not become a back seat of evidentiary review
and that accountability is not overthrown by technological processes'’.

" Edmond, G. (2019). What lawyers should know about the forensic sciences. Adelaide Law Review, 40(1), 33—60.

18 Mnookin, J. L. (2018). The uncertain future of forensic science. Brooklyn Law Review, 83(2), 443-482.

19 Risinger, D. M. (2020). Artificial intelligence, expert evidence, and the future of proof. Seton Hall Law Review,

50(4), 1227-1256.
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VII. CONSTITUTIONAL AND ETHICAL DIMENSIONS

The possibility of connecting Al-created forensic evidence brings serious constitutional and ethical issues to criminal
justice. The fact of guilt must be proved by credible and refutable evidence, as required by the presumption of
innocence, but the outputs of algorithms can be viewed as objective per se, which puts an unwarranted resource burden
on them even though they are a probability estimate. Privacy rights are also engaged by Al tools as they are based on
mass data gathering, surveillance data, and behavioral analytics, with or without significant consent. Inequalities in the
accuracy of the algorithms by demographics also pose a menace to equality under the law since they may reinforce
structural biases. Procedural due process requires transparency and the right to dispute evidence, whereas opaque Al
systems do not allow explainability or accountability. In the absence of sufficient vigilance, courts are at risk of floating
towards technological determinism, with the court reasoning in excessive defence of automated conclusions at the
expense of human judgement being made on an individual basis based on the constitutional values.

7.1 Proposed Admissibility Test for AI Evidence

In response to the evidentiary complexity of Al-based forensic outputs, courts must implement a five-factor algorithm
evidence admissibility framework. The Algorithmic Transparency needs explainable logic to ensure the judges know
how their results have been achieved. dataset Integrity requires that training data must be representative, biased and
well documented to be fair. Independent Validation requires strict testing of a third party to ensure reliability beyond
the assertion of developers. The Error Rate Disclosure makes parties to set forth quantifiable constraints and
performance terms, allowing the courts to make a responsible determination of the evidentiary weight. Lastly, Human
Oversight, qualified experts are held accountable when interpreting Al results instead of referring to automated systems
completely. The model conforms technological innovation with known principles of evidence through infusing the
element of transparency, scientific rigor and legal obligations into determinations of admissibility in courts.

7.2 Institutional Safeguards

Besides those provided in the courtroom, extended institutional protection is required to govern the use of Al
technologies in the forensic setting. Certification, regulatory supervision and periodical review of Al application in
criminal investigations would be achieved through the establishment of AI Forensic Accreditation Boards. The
performance of systems, the presence of bias as well as adherence to the accepted scientific and ethical standards
should be assessed during mandatory audits of algorithms. Additionally, accessible technical documentation should be
provided to the courts and litigating parties so that it can be critically examined without giving too much weight to
intellectual property issues. The judicial systems must also come up with specialized training in order to improve the
technological skills of judges, prosecutors, and defense counsel in assessing the Al-derived evidence. Such measures
create a system of accountability where Al systems are never blindly accepted and instead constantly observed, which
enhances the trustworthiness of the institutions and makes sure that technology becomes an assistant to justice and not a
force by itself.

VIIL. POLICY IMPLICATIONS
The integration of Al into forensic science has significant policy ramifications to criminal justice systems in the
contemporary context. On the condition of effective regulatory systems, Al technologies can enhance investigative
accuracy, decrease false convictions by means of data validation, increase the speed of forensic investigations, and
increase the uniformity of evidentiary comprehension across jurisdictions. These developments encourage effectiveness
and equality. But the lack of control is dangerous. This can be institutionalized by unregulated deployment which
reinforces the subsurface biases in datasets, undermines the right to defense by restricting transparency and meaningful
challenge, and introduces evidentiary obscurity that jeopardizes judicial independence. The policymakers should then
strike a balance between the two by coming up with enforceable standards, controls, and accountability systems. The
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successful administration of Al will decide whether it will be a revolutionary tool in powering up the administration of
justice or a gateway to additional injustices in the legal system™.

IX. FINDINGS

This study concludes that Al based forensic evidence is not the same as the standard scientific evidence since it is not a
definite evidence but is probable. Al systems are not providing absolute identifications, but likely identifications based
on statistical modeling and pattern recognition, which must be cautiously interpreted by the courts. Another finding of
the study is that the technological change has not been matched by legal systems. As investigative agencies rely on Al
tools more, the current body of legislation and evidentiary principles is tailored to traditional forensic practices, which
introduces ambiguity in the admissibility and admissibility practices. The next important conclusion is that Al evidence
is more reliable with regards to governance measures, like validation procedures, openness, and monitoring, rather than
the technological aspect itself. Trust therefore needs to be preserved by having effective procedural safeguards. Finally,
the courts should come up with new jurisprudential strategies that can assess algorithmic reasoning and at the same
time uphold fairness, accountability, and constitutional integrity in the current criminal justice systems.

X. CONCLUSION
The Al produced forensic evidence is a milestone in changing the field of evidentiary science since the inception of
DNA profiling. Artificial intelligence provides unmatched opportunities to improve the quality and efficiency of
criminal justice operations by allowing one to analyze extensive amounts of data and identify patterns that are too
complicated to be detected by a human being. Nevertheless, automatic admissibility cannot be supported by
technological advanced alone. The validity of evidence used during the criminal trials is not solely about innovation,
but rather its verifiability, transparency, and ability to occur in conjunction with other legal protection mechanisms.
This paper highlights that Al implementation in forensic practice should be done with care and close attention. The
very existence of criminal justice systems is created in order to safeguard rights of people, ensure fairness and avoid
wrongful convictions. Unless the Al tools are implemented with explicit validation criteria, explainability policies, and
accountability, they are likely to destroy due process and become an undermining of the decision-making power of
human adjudicators and an exchanges of opaque computational systems.
Al should thus be an aiding tool in the future of criminal trials and not a substitute. Al should act as a supplement to
human knowledge, assist in forensic interpretation, and increase the consistency of the evidences, and the final
judgment should remain with the judges, attorneys, and qualified professionals. Courts should not just take everything
generated in the technological field passively, but they should begin to examine the way the outputs are created, how
they are tested and used.
In order to balance this, strong statutory control, independent validation procedures and constant judicial alertness are
required. It is only with well-considered governance structures that Al can become a reliable companion in the
execution of justice, one that enhances the core values of justice, responsibility and rule of law but does not undermine
them.
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