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THE GROWING ROLE OF FORENSIC SCIENCE IN
CRIME DETECTION: A STUDY

AUTHORED BY - VAISHNAVISHARMA'! & DR. MAINAN RAY?

Abstract

The integration of forensic science into criminal investigations has transformed the
administration of criminal justice by enhancing the accuracy, objectivity, and efficiency of
evidence collection and analysis. Scientific techniques such as DNA profiling, fingerprint
examination, forensic toxicology, ballistics, and digital forensics have become indispensable
tools in detecting crime and identifying offenders. The growing dependence on forensic
evidence, however, has raised significant legal and ethical concerns relating to privacy,
reliability, admissibility, human rights, and professional accountability. While forensic science
has strengthened the evidentiary framework of criminal trials, errors in forensic analysis,
laboratory misconduct, technological limitations, and ethical dilemmas have occasionally
contributed to wrongful convictions and miscarriages of justice. The enactment of the
Bharatiya Nyaya Sanhita, 2023, Bharatiya Nagarik Suraksha Sanhita, 2023, and Bharatiya
Sakshya Adhiniyam, 2023 has further emphasized the importance of scientific investigation
within the Indian criminal justice system. This paper critically examines the role of forensic
science in criminal investigations, analyses the legal framework governing forensic evidence,
evaluates contemporary ethical challenges, and proposes reforms necessary to ensure the

responsible use of forensic techniques.

Keywords: Forensic Science, Criminal Investigation, DNA Evidence, Digital Forensics,

Criminal Justice, Ethics, Bharatiya Sakshya Adhiniyam.

Introduction
The criminal justice system has traditionally relied upon witness testimony, confessions,
documentary evidence, and circumstantial proof to determine guilt or innocence. However, the

increasing complexity of criminal activities and advancements in scientific knowledge have

! Research Scholar, Amity Law School, Amity University Kolkata
2 Associate Professor, Amity Law School, Amity University Kolkata
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necessitated the adoption of forensic science as a critical investigative tool. Forensic science
refers to the application of scientific principles and methodologies to legal questions arising
in criminal and civil proceedings. It serves as a bridge between science and law by providing

objective evidence capable of assisting courts in the determination of facts.?

In modern criminal investigations, forensic evidence often constitutes the most reliable form
of proof because it is less susceptible to manipulation than human testimony. DNA analysis,
fingerprint identification, blood pattern analysis, toxicological examinations, digital forensics,
and forensic pathology have become essential components of contemporary criminal
investigations. Scientific evidence not only aids in the identification and prosecution of
offenders but also contributes to the exoneration of innocent persons who have been wrongfully

accused or convicted.*

The significance of forensic science has increased substantially in India due to the rising
incidence of cybercrime, financial fraud, organized crime, terrorism, and crimes against
women. Legislative reforms introduced through the Bharatiya Nagarik Suraksha Sanhita, 2023
have further institutionalized forensic investigation by mandating forensic examination in

serious offences punishable with imprisonment of seven years or more.’

Despite these developments, concerns remain regarding the reliability of certain forensic
techniques, delays in laboratory testing, inadequate infrastructure, privacy implications of
DNA databases, and ethical issues surrounding the use of emerging technologies such as
artificial intelligence and facial recognition systems. Therefore, a critical examination of the
legal and ethical dimensions of forensic science is necessary for ensuring that scientific

advancements strengthen rather than undermine the administration of justice.

Research Methodology
The study employs a doctrinal research methodology based upon an examination of primary
and secondary legal sources. Primary sources include constitutional provisions, statutes,
judicial decisions, and governmental reports. Secondary sources consist of books, journal

articles, research papers, and scholarly commentaries relating to forensic science and criminal

3 Richard Saferstein, Criminalistics: An Introduction to Forensic Science (12th ed., Pearson 2018) 3.
4 Barry A.J. Fisher, Techniques of Crime Scene Investigation (8th ed., CRC Press 2012) 12.
5 Bharatiya Nagarik Suraksha Sanhita, 2023, s. 176.
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law. The research adopts analytical and descriptive approaches to evaluate the interaction

between scientific evidence, legal principles, and ethical norms.

Understanding Forensic Science and Its Importance
The term forensic is derived from the Latin word forensis, which means “of or before the
forum.” In ancient Rome, the forum was a public place where legal disputes, political
discussions, and judicial proceedings were conducted. Consequently, anything related to the
administration of justice came to be described as forensic. In modern legal terminology,
forensic science refers to the application of scientific principles, methods, and techniques to
matters of law, particularly in the investigation and adjudication of criminal offences. It serves
as an interdisciplinary field that combines scientific expertise with legal requirements to assist

courts, law enforcement agencies, and other stakeholders in the pursuit of justice.

The importance of forensic science has increased substantially with the advancement of
technology and the growing complexity of criminal activities. Modern crimes often involve
sophisticated methods, including cyber fraud, identity theft, terrorism, financial crimes, and
organized criminal networks. Traditional investigative techniques alone are frequently
insufficient to address such offences. Forensic science bridges this gap by employing advanced
technologies such as DNA profiling, digital forensics, toxicological analysis, biometric
identification, and forensic pathology. These methods enable investigators to uncover evidence
that may otherwise remain hidden and to establish connections between suspects, victims, and

crime scenes with a high degree of accuracy.’

The determination of the cause and manner of death constitutes another significant function of
forensic science. In cases involving suspicious, unexplained, or violent deaths, forensic
pathologists conduct post-mortem examinations to ascertain the medical cause of death and the
manner in which it occurred. Such examinations can reveal whether a death resulted from
natural causes, accident, suicide, homicide, or other factors. Findings derived from forensic
pathology often serve as crucial evidence in homicide investigations and criminal trials. The
ability to accurately determine the cause of death can help identify perpetrators, establish

motives, and eliminate wrongful suspicions.

® Max M. Houck & Jay A. Siegel, Fundamentals of Forensic Science (4th ed., Academic Press 2015) 5.
7 Richard Saferstein, Criminalistics: An Introduction to Forensic Science (12th ed., Pearson 2018) 3—7
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The determination of the cause and manner of death constitutes another significant function of
forensic science. In cases involving suspicious, unexplained, or violent deaths, forensic
pathologists conduct post-mortem examinations to ascertain the medical cause of death and the
manner in which it occurred. Such examinations can reveal whether a death resulted from
natural causes, accident, suicide, homicide, or other factors. Findings derived from forensic
pathology often serve as crucial evidence in homicide investigations and criminal trials. The
ability to accurately determine the cause of death can help identify perpetrators, establish

motives, and eliminate wrongful suspicions.

Forensic science further contributes to the establishment of links between suspects and criminal
acts. One of the fundamental principles of forensic investigation is the exchange principle
formulated by Edmond Locard, often referred to as Locard's Exchange Principle. According to
this principle, whenever two objects come into contact, there is a transfer of material between
them.® Consequently, offenders frequently leave traces of themselves at crime scenes while
simultaneously carrying away traces from those locations. These traces may include
fingerprints, DNA, fibres, soil particles, gunshot residues, or digital footprints. By analysing
such evidence, forensic experts can establish connections between suspects, victims, and crime

scenes, thereby strengthening the evidentiary basis of criminal prosecutions.

An equally significant contribution of forensic science lies in its ability to prevent wrongful
convictions and exonerate innocent individuals. Advances in DNA technology have led to the
reopening of numerous criminal cases worldwide, resulting in the exoneration of persons who
had been wrongly convicted. Such developments demonstrate that forensic science serves not
only as a tool for identifying offenders but also as a safeguard against miscarriages of justice.
By ensuring that criminal liability is based upon objective evidence rather than speculation or

prejudice, forensic science promotes fairness and accuracy within the justice system.

Despite its considerable advantages, forensic science is not free from limitations. Scientific
evidence is often regarded as highly reliable because it is based upon empirical observation,
experimentation, and standardized methodologies. Nevertheless, forensic findings are subject
to human interpretation and may be affected by errors in collection, contamination, laboratory

procedures, or analytical techniques. Certain forensic methods have also faced criticism

8 Paul L. Kirk, Crime Investigation (Interscience Publishers 1953) 15.
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regarding their scientific validity and reliability. Therefore, courts must carefully evaluate
forensic evidence within established legal frameworks and ensure that appropriate standards
of admissibility, relevance, and reliability are satisfied before such evidence is relied upon in

judicial proceedings.’

In contemporary criminal justice systems, forensic science has evolved from a supplementary
investigative aid into a central pillar of criminal investigation and adjudication. Its capacity to
provide objective, scientifically grounded evidence has significantly improved the detection of
crime, the prosecution of offenders, and the protection of innocent individuals. As scientific
and technological innovations continue to emerge, the importance of forensic science is likely
to grow further. However, this growth must be accompanied by robust legal safeguards, ethical
oversight, and professional accountability to ensure that scientific advancements serve the

interests of justice while respecting fundamental rights and liberties.

Major Branches of Forensic Science
Forensic science is a multidisciplinary field comprising several specialized branches that apply
scientific methods to the investigation and resolution of legal disputes. Each branch serves a
distinct purpose in the criminal justice system and contributes to the collection, analysis,
interpretation, and presentation of evidence. The development of advanced scientific
techniques has expanded the scope of forensic science, making it an indispensable component

of modern criminal investigations. The major branches of forensic science are discussed below.

Forensic Biology and DNA Profiling
Forensic biology is concerned with the examination of biological evidence collected from
crime scenes, victims, and suspects. It involves the analysis of bodily fluids and tissues such
as blood, saliva, semen, urine, hair, bones, skin cells, and other biological materials. One of
the most significant developments within forensic biology has been the emergence of DNA

profiling, which has transformed criminal investigations worldwide. '

DNA profiling has proven particularly valuable in cases involving homicide, sexual offences,

kidnapping, paternity disputes, missing persons, and mass disasters. In sexual assault cases,

° Barry A.J. Fisher, Techniques of Crime Scene Investigation (8th ed., CRC Press 2012) 22-25.
10 Max M. Houck & Jay A. Siegel, Fundamentals of Forensic Science (4th ed., Academic Press 2015) 245.
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DNA evidence can establish a direct link between the accused and the victim. In homicide
investigations, biological traces left at crime scenes often assist investigators in identifying
perpetrators. Moreover, DNA technology has contributed significantly to the exoneration of
wrongfully convicted individuals, thereby enhancing the fairness and reliability of criminal

justice systems.!!

Fingerprint Examination
Fingerprint examination, also known as dactyloscopy, is one of the oldest and most widely
accepted methods of personal identification in forensic science. Fingerprints are formed by
friction ridge patterns present on the fingers, palms, and soles of human beings. These patterns
remain unchanged throughout an individual's lifetime and are unique to every person, making

them an extremely reliable means of identification.'?

The scientific study of fingerprints gained prominence through the work of Sir Francis Galton
and Sir Edward Henry, whose classification systems laid the foundation for modern fingerprint
analysis. Today, forensic experts compare latent fingerprints recovered from crime scenes with
known prints obtained from suspects or official records. Fingerprint evidence is commonly
found on weapons, documents, furniture, glass surfaces, and other objects that have been

handled by offenders.

Technological advancements have significantly improved the efficiency of fingerprint
identification. Automated Fingerprint Identification Systems (AFIS) enable investigators to
compare fingerprints against extensive databases within a short period. Such systems have
become invaluable in criminal investigations, border security, immigration control, and

disaster victim identification."

Forensic Toxicology
Forensic toxicology is the branch of forensic science concerned with the detection,
identification, and interpretation of toxic substances within biological specimens. It combines

principles of chemistry, pharmacology, and medicine to determine the presence and effects of

' Richard Saferstein, Criminalistics: An Introduction to Forensic Science (12th ed., Pearson 2018) 289-294.

12 Barry A.J. Fisher, Techniques of Crime Scene Investigation (8th ed., CRC Press 2012) 351-355.
13 Richard Saferstein, Criminalistics: An Introduction to Forensic Science (12th ed., Pearson 2018) 110-118.
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drugs, poisons, alcohol, and other harmful substances.'*

Toxicological investigations are particularly important in cases involving suspicious deaths,
poisoning, drug overdoses, substance abuse, impaired driving, workplace accidents, and
environmental contamination. Biological samples such as blood, urine, saliva, hair, and tissue
specimens are analysed using sophisticated laboratory techniques to identify toxic substances

and determine their concentrations.

One of the primary objectives of forensic toxicology is to establish whether a toxic substance
contributed to injury, illness, or death. For example, in cases of suspected poisoning,
toxicological analysis can identify the specific poison involved and estimate the quantity
consumed. Similarly, toxicological testing in road traffic accidents may reveal whether a driver

was under the influence of alcohol or narcotic substances at the time of the incident.'?

Advances in analytical chemistry have significantly improved the accuracy and sensitivity of
toxicological testing. However, interpretation remains challenging because the presence of a
substance does not necessarily indicate impairment or causation. Therefore, toxicological

findings must be evaluated in conjunction with medical, circumstantial, and forensic evidence.

Ballistics

Forensic ballistics, also known as firearms examination, involves the scientific study of
firearms, ammunition, bullets, cartridge cases, gunshot residues, and related evidence. This
branch plays a crucial role in investigations involving shootings, armed robberies, terrorism,

and other firearm-related offences.'®

When a firearm is discharged, unique microscopic markings are produced on bullets and
cartridge cases as they pass through the barrel and firearm mechanism. These markings
function much like fingerprints and can be compared with test-fired ammunition to determine

whether a particular weapon was used in the commission of a crime.

4 C.K. Parikh, Parikh's Textbook of Medical Jurisprudence, Forensic Medicine and Toxicology (8th ed., CBS
Publishers 2019) 720.

15 Alan Wayne Jones, “Forensic Toxicology” in Vincent J.M. DiMaio & Dominick DiMaio (eds), Forensic
Pathology (2nd ed., CRC Press 2001) 457.

16 Brian J. Heard, Handbook of Firearms and Ballistics (3rd ed., Wiley-Blackwell 2016) 3-7.
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Ballistics experts examine several factors, including:

e Type and calibre of firearm used;

e Firing distance;

e Trajectory of bullets;

e Gunshot residue patterns;

e Mechanical condition of firearms.
Ballistic analysis assists investigators in reconstructing shooting incidents, identifying
weapons, and linking suspects to criminal activities. In addition, gunshot residue testing can
establish whether an individual recently discharged a firearm or was present near a shooting

event.!”

Digital Forensics
Digital forensics is one of the fastest-growing branches of forensic science due to the increasing
reliance on electronic devices and digital communication. It involves the identification,
preservation, collection, examination, and analysis of electronic data for evidentiary

purposes.'®

Digital forensic experts employ specialized tools and techniques to recover deleted files,
analyse metadata, trace cyber activities, and reconstruct digital events. Such investigations are
essential in cases involving cybercrime, hacking, online fraud, identity theft, child exploitation,

terrorism, intellectual property violations, and financial crimes. '

The significance of digital forensics has increased dramatically in the twenty-first century as
criminal activities increasingly occur within virtual environments. Electronic records
frequently serve as critical evidence in criminal prosecutions and civil litigation. The Bharatiya
Sakshya Adhiniyam, 2023 has further strengthened the evidentiary status of electronic records

within the Indian legal system.

7 Max M. Houck & Jay A. Siegel, Fundamentals of Forensic Science (4th ed., Academic Press 2015) 417—425.
18 Eoghan Casey, Digital Evidence and Computer Crime (3rd ed., Academic Press 2011) 25-31.

19 Bill Nelson, Amelia Phillips & Christopher Steuart, Guide to Computer Forensics and Investigations (6th ed.,
Cengage Learning 2018) 12—18.
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Forensic Pathology

Forensic pathology is a specialized branch of medicine that applies medical knowledge to legal
investigations involving death. It primarily focuses on determining the cause, manner, and
circumstances of death through autopsies, post-mortem examinations, laboratory testing, and
review of investigative information.?

In addition to criminal investigations, forensic pathology contributes to public health by
identifying disease outbreaks, occupational hazards, and emerging health threats. Expert
testimony provided by forensic pathologists frequently assists courts in understanding complex
medical issues and determining criminal liability. The reliability of forensic pathology
depends upon scientific expertise, objectivity, and adherence to professional standards.

Consequently, ethical conduct and continuous professional training remain essential

components of forensic pathology practice.

Legal Framework Governing Forensic Evidence in India Constitutional

Framework
The Constitution of India serves as the foundation upon which all criminal investigations and
forensic practices must operate. Although the Constitution does not expressly mention forensic
science, several fundamental rights significantly influence the manner in which forensic
evidence may be collected, analysed, and used in criminal proceedings. Among these, Articles

20(3) and 21 are of particular importance.

The constitutional framework ensures that scientific advancements in criminal investigation
do not undermine individual liberties. Consequently, forensic methods must satisfy

constitutional standards of legality, necessity, proportionality, and procedural fairness.

Article 20(3): Protection Against Self-Incrimination

Article 20(3) of the Constitution provides that “No person accused of any offence shall be
compelled to be a witness against himself.” This provision embodies the principle against self-
incrimination and serves as an important safeguard against coercive investigative practices.
The protection seeks to prevent the State from compelling an accused person to provide

testimonial evidence that may contribute to his or her own conviction.?!

20 Vincent J.M. DiMaio & Dominick DiMaio, Forensic Pathology (2nd ed., CRC Press 2001) 1-10.
2! Constitution of India, Art. 20(3).
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The scope of Article 20(3) has been the subject of extensive judicial interpretation. One of the
most significant decisions in this regard is State of Bombay v. Kathi Kalu Oghad, where the
Supreme Court distinguished between testimonial evidence and physical evidence. The Court
held that obtaining fingerprints, handwriting samples, signatures, photographs, and other
physical characteristics from an accused person does not amount to compelling the accused to
be a witness against himself.>’ Consequently, many forensic procedures involving the
collection of physical evidence are constitutionally permissible.

However, the constitutional protection assumes greater significance when investigative
techniques seek to access the mental processes of an individual. In Selvi v. State of Karnataka,
the Supreme Court considered the legality of narco-analysis, polygraph examinations, and
brain-mapping tests. The Court held that the involuntary administration of such techniques
violates Article 20(3) because they involve compelled testimonial responses and interfere with
an individual's mental privacy.?® In the context of modern forensic science, Article 20(3)
continues to serve as an important limitation on investigative powers. As technologies become
increasingly sophisticated, courts must ensure that the use of scientific techniques does not
erode the fundamental principle that no individual should be compelled to contribute to his or

her own prosecution.

Article 21: Right to Life and Personal Liberty
Article 21 of the Constitution states that “No person shall be deprived of his life or personal

’

liberty except according to procedure established by law.” Over the years, judicial
interpretation has expanded the scope of Article 21 to include a wide range of rights necessary
for ensuring human dignity and personal autonomy. These include the right to privacy, the
right to bodily integrity, the right to a fair trial, and the right to live with dignity.**

he application of forensic science often involves the collection and examination of biological
samples such as blood, saliva, hair, fingerprints, and DNA. It may also involve surveillance
technologies, digital monitoring, facial recognition systems, and the analysis of electronic
communications. Such practices inevitably raise concerns regarding privacy and personal
liberty.

The landmark decision in Justice K.S. Puttaswamy v. Union of India recognized the right to

22 State of Bombay v. Kathi Kalu Oghad, AIR 1961 SC 1808.
23 Selvi v. State of Karnataka, (2010) 7 SCC 263.
24 Maneka Gandhi v. Union of India, AIR 1978 SC 597
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privacy as a fundamental right protected under Article 21.%

The Supreme Court observed that
informational privacy and bodily autonomy are essential components of personal liberty.
Consequently, the collection, storage, and use of biometric and genetic data must comply with

constitutional requirements of legality, necessity, and proportionality.

Bharatiya Sakshya Adhiniyam, 2023

The Bharatiya Sakshya Adhiniyam, 2023 represents a significant reform of India's law of
evidence and reflects the increasing importance of scientific and technological advancements
in legal proceedings. Replacing the colonial-era Indian Evidence Act, 1872, the legislation
seeks to modernize evidentiary rules and adapt them to contemporary forms of communication

and information storage.?®

Bharatiya Nagarik Suraksha Sanhita, 2023

The Bharatiya Nagarik Suraksha Sanhita, 2023 marks a significant shift toward scientific and
technology-driven criminal investigations in India. Replacing the Code of Criminal Procedure,
1973, the legislation introduces several reforms intended to improve investigative efficiency,

reduce delays, and strengthen evidentiary reliability.?’

A particularly noteworthy provision is the requirement that forensic investigation be conducted
in offences punishable with imprisonment of seven years or more, wherever feasible. This
reflects a legislative recognition that scientific evidence often provides greater reliability than

confessions, witness statements, or circumstantial evidence alone.

The rationale behind mandatory forensic investigation is multifaceted. First, it seeks to improve
the quality of criminal investigations by ensuring that scientific methods are utilized at the
earliest stages of the investigative process. Secondly, it aims to reduce the possibility of
wrongful convictions arising from inaccurate eyewitness testimony or coerced confessions.
Thirdly, it strengthens prosecutorial effectiveness by providing objective evidence capable of

corroborating other forms of proof.

25 Justice K.S. Puttaswamy v. Union of India, (2017) 10 SCC 1.
26 Bharatiya Sakshya Adhiniyam, 2023.
%7 Bharatiya Nagarik Suraksha Sanhita, 2023.
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Conclusion
Forensic science has fundamentally transformed criminal investigations by providing scientific
methods capable of enhancing accuracy, objectivity, and fairness within the criminal justice
system. The adoption of DNA profiling, digital forensics, toxicology, fingerprint analysis, and
other forensic disciplines has significantly improved the capacity of law enforcement agencies
to detect crime and prosecute offenders. Simultaneously, scientific evidence has emerged as a
powerful mechanism for preventing wrongful convictions and protecting innocent individuals.
However, the increasing reliance on forensic science has generated complex legal and ethical
concerns. Constitutional protections relating to privacy, dignity, and self-incrimination require
careful balancing against investigative interests. Issues relating to forensic reliability,
laboratory standards, cognitive bias, digital surveillance, and artificial intelligence demand

continuous scrutiny.

The future of forensic science lies not merely in technological innovation but in the
establishment of robust legal safeguards and ethical frameworks. A criminal justice system that
embraces scientific progress while respecting fundamental rights will be better equipped to

deliver justice in an increasingly complex and technologically driven society.
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