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THE INDISPENSABLE LINK: FORENSIC SCIENCE IN
MODERN CRIME INVESTIGATION

AUTHORED BY - PAPIYA GHOSH

"To ignore the advancements of forensic science in contemporary criminal investigations
would be to blind justice itself. It is the cornerstone upon which modern law enforcement builds
its cases, providing clarity where once there was only ambiguity

Justice Isabella Rodriguez, International Criminal Tribunal

Abstract:
Forensic science has emerged as an indispensable pillar in modern crime investigation,
bridging Science and crime Investigation, forensic techniques contribute significantly in
solving complex criminal cases by providing objective and scientific evidence. This article
highlights various disciplines within forensic science—such as DNA profiling, fingerprint
analysis, toxicology, and digital forensics—that play vital roles in identifying suspects,
reconstructing crime scenes, and ensuring justice. The article also emphasizes the gap between
law enforcement and scientific truth. This short article, underscores the increasing reliance on
forensic laboratories by law enforcement agencies to enhance the accuracy and credibility of
investigations. Furthermore, it discusses the challenges in forensic implementation, such as
backlog in testing, lack of infrastructure, and the need for skilled professionals. In the context
of the Indian criminal justice system, this article reflects on how forensic science is gradually
transforming traditional investigative methods, offering a more scientific evidence-based
approach to criminal justice. Ultimately, the article affirms that forensic science is not just a
supportive tool but a crucial link in the chain of justice, aiding in both conviction of the guilty

and exoneration of the innocent.

Keywords: Forensic Science, Investigation, forensic laboratories, DNA profiling, toxicology,

criminal justice system.
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Introduction:

The bedrock of modern criminal investigation lies in a discipline that meticulously weaves
together the empirical rigor of science with the equitable pursuit of justice: forensic science®.
Far more than the dramatized portrayals often seen on television, forensic science is a complex,
multifaceted field dedicated to the scientific examination of physical evidence for the purpose
of establishing facts in legal proceedings?. Its fundamental premise is that every interaction
leaves a trace, and through the application of scientific principles, these silent witnesses can

reveal the truth.

The roots of forensic science trace back to ancient civilizations with early forms of
identification. Key milestones include advancements in toxicology, fingerprinting, and
serology in the 19th and early 20th centuries. Today, modern techniques leverage DNA
profiling, digital forensics, and advanced analytical instrumentation, continuously evolving

with technological progress to enhance accuracy and scope.

1.1 Forensic Science: Bridging Science and Justice

The journey of forensic science is a testament to humanity's enduring quest for truth and
accountability. While the term "Forensic Science” might seem contemporary, its roots stretch
back centuries. Early rudimentary techniques, such as the use of fingerprints for identification
in ancient China or the application of medical knowledge to determine cause of death in
medieval Europe, laid the groundwork®. However, it was in the late 19th and early 20th
centuries that forensic science began to formalize. Luminaries like Alphonse Bertillon, with
his system of anthropometry, and Sir Arthur Conan Doyle, whose fictional Sherlock Holmes
inspired real-world forensic techniques, played pivotal roles in this evolution*. Edmond

Lockard’s "Exchange Principle” that every contact leaves a trace became a cornerstone,

L Unknown, From evidence to empowerment how forensic science is redefining modern justice , (July. 10, 2025)
, https://kashmirreader.com/2025/05/10/from-evidence-to-empowerment-how-forensic-science-is-redefining-
modern-justice/

2 What is Forensic Science?, AAFS, American academy of forensic science, (July. 10, 2025)
https://www.aafs.org/careers-forensic-science/what-forensic-science?hl=en-
US#:~:text=Forensic%?20scientists%20may%20be%20involved,justice%20in%20a%20legal%20proceeding

3 Petrétei D. Fingerprints in ancient China - A mini-review. Forensic Sci Rev. 2025 Jan;37(1):45-50. PMID:
39893154, https://pubmed.nchi.nlm.nih.gov/39893154/

4 King, Daniel, "Literature Influences Science: The Role of Sherlock Holmes in the Development of Forensic
Science" (2020). Taylor Talks: A Virtual Learning Experience with Taylor Faculty. 14.
https://pillars.taylor.edu/taylor-talks/14 .
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encapsulating the essence of forensic evidence recovery®. The subsequent integration of
disciplines like chemistry, biology, physics, and pathology into criminal investigations
propelled forensic science into a critical investigative tool.®

1.2 The Scientific Method in Criminal Investigations: Objectivity and Reliability

At its core, forensic science operates on the bedrock of the scientific method’. This systematic
approach ensures objectivity, reliability, and reproducibility in the analysis of evidence®. From
the initial observation of a crime scene to the final interpretation of laboratory results, every
step is governed by hypothesis formation, rigorous experimentation, data collection, and
meticulous analysis. This adherence to scientific principles is crucial, as the findings of forensic
scientists can profoundly impact the lives of individuals, leading to convictions or
exonerations. The emphasis on peer review, validation of methods, and ongoing research
further strengthens the scientific integrity of the field, constantly refining techniques and
pushing the boundaries of what can be discovered from even the most minuscule pieces of

evidence.®

1.3 The Role of the Forensic Scientist: Beyond the Lab Bench

The role of the forensic scientist extends far beyond the confines of the laboratory®. They are
often the unsung heroes of criminal investigations, meticulously processing crime scenes,
analyzing evidence with sophisticated instruments, and interpreting complex data!!. Their
expertise is vital in identifying victims, linking suspects to crimes, reconstructing events, and

providing crucial information that can lead to arrests and successful prosecutions!?. This

> David Mummery, Every contact leaves a trace, oct, 2021, (july. 10, 2025),
https://pmc.ncbi.nlm.nih.gov/articles/PMC8544144

6 Supra note. 1, https://kashmirreader.com/2025/05/10/from-evidence-to-empowerment-how-forensic-science-is-
redefining-modern-justice/

" Diana M. Concannon, What is Forensic Science? Role of a Forensic Scientist, July. 18, 2024.(July. 10, 2025),
https://www.alliant.edu/blog/what-is-forensic-science?hl=en-
US#:~:text=1n%20short%2C%20forensic%20scientists%20use,system%20in%20an%20objective%20way

8 Scientific Method, EMOTIONS, https://imotions.com/blog/learning/research-fundamentals/scientific-
method/?hl=en-
USH#:~:text=By%20adhering%20t0%20these%20steps,knowledge%20that%20informs%20theory%2C%20pract
ice%2C

9 Allysha Powanda Winburn, Chaunesey MJ Clemmons. Objectivity is a myth that harms the practice and diversity
of forensic science. Forensic Sci Int Synerg. 2021 Sep 13;3:100196. doi: 10.1016/j.fsisyn.2021.100196. PMID:
34622187; PMCID: PMC8484737. https://pmc.ncbi.nim.nih.gov/articles/PMC8484737/?

10 Lessem, Newstat & Tooson, What Do Forensic Experts Do in Criminal Cases?, Aug. 28, 2023, (July. 10, 2025),
https://Inlegal.com/criminal-defense/what-do-forensic-experts-do-in-criminal-cases/?

11 Ibid, https://Inlegal.com/criminal-defense/what-do-forensic-experts-do-in-criminal-cases/

12 The Role of Forensic Evidence in Solving Criminal Cases, blog by Mathews & Jones, sept. 21, 2023,
https://destinlaw.com/blog/the-role-of-forensic-evidence-in-solving-criminal-cases/?hl=en-
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multifaceted role demands a unique blend of scientific acumen, meticulous attention to detail,

and a deep understanding of legal procedures??,

1.4 Ethical Considerations and Challenges in Forensic Practice:

However, the pursuit of justice through forensic science is not without its ethical considerations
and challenges. The potential for human error, cognitive bias, and the misinterpretation of
evidence are ever-present concerns'®. Forensic scientists are bound by a strict code of ethics,
prioritizing impartiality, objectivity, and the accurate representation of their findings®®. The
admissibility of scientific evidence in court, the constant need for validation of new techniques,
and the ongoing debate surrounding the reliability of certain forensic disciplines highlight the
continuous evolution and self-scrutiny within the field*®. "The Foundation of Forensic Science:
Bridging Science and Justice" is not merely a theoretical concept; it is a dynamic, evolving
discipline that stands as an indispensable link in modern crime investigation, tirelessly working

to ensure that the scales of justice are balanced by the weight of verifiable truth.

2. The crime scene: Where the investigation begins

The crime scene stands as the crucible of any criminal investigation, the very genesis where
the truth begins to unravel. It's here that the narrative of a crime is silently etched in physical
details, awaiting skilled interpretation. Securing this critical space is paramount, preventing
contamination and preserving the integrity of potential evidence. Every item, from a discarded
cigarette butt to an almost imperceptible fiber, holds the potential to be a crucial clue.
Meticulous documentation through photography, sketching, and detailed notes captures the
scene's original state, while systematic search patterns ensure no piece of evidence, no matter
how small, goes unnoticed. The careful collection, packaging, and labeling of each item,
following a strict chain of custody, transforms mere objects into legally admissible evidence,
ready to speak volumes in the pursuit of justice.

USH#:.~:text=By%20comparing%20these%20markings%2C%20forensic,for%20linking%20suspects%20t0%20t
he

13 Supra note 7, https://www.alliant.edu/blog/what-is-forensic-science?hl=en-
US#:~:text=2 forensic%20science%20technicians%20and%?20scientists

14 Ruth Morgan, The dangers of misinterpreted forensic evidence, April, 05, 2018. (July. 09, 2025) ,
https://www.appblit.com/scribe?v=xclg8ikPAv]I

15 Praveen Kumar Yadav, Ethical issues across different fields of forensic science, July. 18, 2017, (July. 10, 2025),
https://pmc.ncbhi.nlm.nih.gov/articles/PMC5514178/?hl=en-
USH#:.~:text=They%20have%20responsibilities%20towards%20the,(Murdock%20and%20Holmes%201991)

16 Jonathan J. Koehler , Jennifer L. Mnookin and Michael J. Saks, The scientific reinvention of forensic science,
ed. Thomas Albright, Oct. 2, 2023, (July. 10, 2025), https://doi.org/10.1073/pnas.2301840120
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2.1 Crime Scene Management: Securing, Documenting, and Preserving

Effective crime scene management is a multi-pronged approach ensuring the integrity of vital
evidence®’. Securing the scene immediately upon arrival is paramount, establishing a perimeter
to prevent unauthorized access and potential contamination®®. This safeguards victims,

bystanders, and crucially, the delicate traces left by a perpetrator.

Documenting the scene meticulously follows. This involves a systematic process of
photography, capturing both overall and close-up views with scales, detailed sketches
illustrating spatial relationships, and comprehensive written notes recording every observation,

condition, and item found*®. This creates an unalterable record of the scene's original state.

Finally, preserving evidence involves careful collection using appropriate tools and techniques
to prevent degradation or cross-contamination?. Each item is packaged individually in suitable
containers, meticulously labeled with collection details, and a strict chain of custody is
maintained to ensure its integrity from the scene to the laboratory and ultimately, to the

courtroom.?!

2.2 Types of Evidence: Physical, Trace, Digital, and Biological

The Bharatiya Sakshya Adhiniyam (BSA), 2023, modernizes India's law of evidence, explicitly
recognizing various types crucial for crime investigation?>. While Evidence Act broadly
categorizes evidence as "Oral Evidence" and "Documentary Evidence," the BSA expanded

definition which now specifically includes electronic or digital records?. This encompasses a

17 Ray A Wickenheiser, Proactive crime scene response optimizes crime investigation, Mar. 15, 2023. (July. 10,
2025) , https://pmc.ncbi.nim.nih.gov/articles/PMC10068110/

18 Rod Gehl, Darryl Plecas, Introduction to Criminal Investigation, Processes, Practices, and Thinking , British
Columbia presshooks, https://pressbooks.bccampus.ca/criminalinvestigation/chapter/chapter-8-crime-scene-
management/

19 |bid. https://presshooks.bccampus.ca/criminalinvestigation/chapter/chapter-8-crime-scene-management/

20 National Institute of Justice, What Every Law Enforcement Officer Should Know About DNA Evidence,
https://nij.ojp.gov/nij-hosted-online-training-courses/what-every-law-enforcement-officer-should-know-about-
dna/officer-responsibilities/contamination/tips-protect-crime-scene-evidence

2L Ashish Badiye; Neeti Kapoor; Ritesh G. Menezes., Chain of Custody, Jan, 2025( July. 10, 2025), .
https://www.ncbi.nlm.nih.gov/books/NBK551677/

22 | egallyin.com, What’s new in Bharatiya Sakshya Adhiniyam, 2023 Explained, https://legallyin.com/whats-
new-in-bharatiya-sakshya-adhiniyam-2023-explained/?hl=en-
USH#:.~:text=1t%20replaces%20the%20Indian%20Evidence,more%20updated%20legal%20structure%20in

2 Decoding Bharatiya Sakshya Adhiniyam, 2023: Comparative Insights & Study with Indian Evidence Act, 1872,
blog, Mar, 24, 2025, (July. 10, 2025), https://www.lexisnexis.in/blogs/decoding-bharatiya-sakshya-adhiniyam-
2023-comparative-insights-study-with-indian-evidence-act-1872/?hl=en-
US#:~:text=The%20new%20definition%20includes%20electronically,conferencing)%20and%20electronic%20
or%20digital
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wide range of modern evidence types:

e Physical Evidence: Under the BSA, this falls under "Real Evidence™ (a specific type
of Documentary Evidence, if presented for inspection). This includes tangible objects
like weapons, clothing, and shattered glass®*.

e Trace Evidence: Also, part of Physical/Real Evidence, this covers microscopic
transfers, such as hairs, fibers, soil, and paint chips, often requiring specialized analysis.

e Digital Evidence: Explicitly defined as "electronic or digital records" under
Documentary Evidence, this includes data from computers, smartphones, CCTV
footage, emails, and social media. The BSA emphasizes its admissibility.

e Biological Evidence: This falls under Physical/Real Evidence. It encompasses
materials of biological origin, like blood, saliva, semen, and tissue, primarily analyzed
for DNA to establish identity or connections.®

The BSA's focus on incorporating digital records ensures that modern investigative tools align

with legal admissibility.®

2.3 Evidence Collection Techniques: From Impression Evidence to DNA Swabs

Evidence collection demands precision to avoid contamination and preserve integrity,
especially under the new Bharatiya Sakshya Adhiniyam (BSA). For impression evidence, like
footprints or tire tracks, techniques include casting with dental stone or silicone, meticulously
capturing the 3D detail?’. Two-dimensional impressions are photographed with scales and

sometimes lifted using gelatin or adhesive lifters.?8

Biological evidence, such as blood, saliva, or skin cells, is often collected via DNA swabs.
Sterile cotton swabs are dampened (if necessary) and used to gently collect samples, which are

then air-dried to prevent mold growth before being individually packaged in breathable

% Rolf, Carol A, Physical evidence, 2024. (July,07, 2025), https://www.ebsco.com/research-
starters/science/physical-evidence?

% Unknown : Biological Evidence,(July.07, 2025), https://www.vaia.com/en-
us/explanations/psychology/forensic-psychology/biological-evidence

% ACM Legal, Digital Transformation in the Indian Legal Framework: Bharatiya Sakshya Adhiniyam, 2023
(BSA), July. 15, 2024, https://www.acmlegal.org/blog/digital-transformation-in-the-indian-legal-framework-
bharatiya-sakshya-adhiniyam-2023-bsa/?hl=en-
USH#:.~:text=The%20act%20incorporates%20provisions%20for,as%20primary%20evidence%E2%80%8B%E2
%80%8B

27 |AAI, Fire Scene Evidence Collection Guide, (July. 10, 2025), https://www.iaaievidenceguide.com/3-d-
impressions

8 Lesley Hammer, Footwear and Tire Impression Crime Scene Recovery, (July. 10, 2025) |,
https://www.asteetrace.org/recovery?hl=en-
US#:~:text=2%2Ddimensional%20impressions%200f%20many,0f%20sheets%200f%20adhesive%20material
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containers. Other methods include cutting out stained fabric or using sterile forceps for hair
and tissue?®. The BSA emphasizes proper collection and preservation for admissibility.

2.5 Reconstruction and Interpretation: Bringing the Scene to Life

Crime scene reconstruction is the art and science of "bringing the scene to life,” transforming
static evidence into a dynamic narrative of events. It's an investigative technique that
meticulously analyzes and interprets all available information — physical evidence, witness
statements, and forensic findings — to determine the sequence of events that transpired before,
during, and after a crime®C. This process helps investigators understand what happened, how it
happened, and even why3!. Specialists examine everything from bloodstain patterns to bullet
trajectories, using principles of physics and biology to deduce positions, movements, and
actions®. In India, advancements like 3D laser scanning and digital modeling are
revolutionizing this field, allowing for highly accurate virtual reconstructions that enhance
clarity for both investigators and the judiciary®. This holistic approach bridges the gap between
fragmented clues and a coherent understanding of the crime.3*

3. Unveiling the Invisible: Laboratory Analysis and Techniques
In the realm of forensic science, the naked eye often falls short. While crime scenes provide a
macroscopic view of events, the crucial details that truly unveil the truth often remain hidden,
invisible to the unaided observer. This is where the meticulous world of laboratory analysis
and techniques comes into play. This chapter delves into the scientific methodologies and
cutting-edge technologies employed in forensic laboratories to transform microscopic traces,
chemical residues, and biological samples into tangible evidence. From identifying illicit
substances and reconstructing crime scenes through trace evidence to profiling DNA and

analyzing digital footprints, we will explore how forensic scientists utilize a diverse array of

2% Unknown, Crime Scene and DNA Basics for Forensic Analysts, (July, 07, 2025), https://nij.ojp.gov/nij-hosted-
online-training-courses/crime-scene-and-dna-basics-forensic-analysts/evidence-crime-scene/collection-
technigues?hl=en-US#:~:text=Procedure,Wet%20Absorption

30 Infra note. 32. https://portal.ct.gov/despp/division-of-scientific-services/ content/crime-scene-
reconstruction?hl=en-US&languag

81 Lurigio, Arthur J, Crime scene reconstruction and staging,2024, (July, 10, 2025),
https://www.ebsco.com/research-starters/science/crime-scene-reconstruction-and-staging

32 Unknown, Crime Scene Reconstruction, https://portal.ct.gov/despp/division-of-scientific-
services/_content/crime-scene-reconstruction?

% Unknown, What Is the Meaning of 3D Crime Scene Reconstruction?,may, 28, 2025,
https://edinbox.com/council/forensic-sciences-gfsec/4811-3d-crime-scene-reconstruction-new-career-horizons-
for-indian-students

34 Crime reconstruction, https://en.m.wikipedia.org/wiki/Crime_reconstruction?

Page | 693


http://www.ijlra.com/
https://nij.ojp.gov/nij-hosted-online-training-courses/crime-scene-and-dna-basics-forensic-analysts/evidence-crime-scene/collection-techniques?hl=en-US#:~:text=Procedure,Wet%20Absorption
https://nij.ojp.gov/nij-hosted-online-training-courses/crime-scene-and-dna-basics-forensic-analysts/evidence-crime-scene/collection-techniques?hl=en-US#:~:text=Procedure,Wet%20Absorption
https://nij.ojp.gov/nij-hosted-online-training-courses/crime-scene-and-dna-basics-forensic-analysts/evidence-crime-scene/collection-techniques?hl=en-US#:~:text=Procedure,Wet%20Absorption
https://portal.ct.gov/despp/division-of-scientific-services/_content/crime-scene-reconstruction?hl=en-US&languag
https://portal.ct.gov/despp/division-of-scientific-services/_content/crime-scene-reconstruction?hl=en-US&languag
https://www.ebsco.com/research-starters/science/crime-scene-reconstruction-and-staging
https://portal.ct.gov/despp/division-of-scientific-services/_content/crime-scene-reconstruction
https://portal.ct.gov/despp/division-of-scientific-services/_content/crime-scene-reconstruction
https://edinbox.com/council/forensic-sciences-gfsec/4811-3d-crime-scene-reconstruction-new-career-horizons-for-indian-students
https://edinbox.com/council/forensic-sciences-gfsec/4811-3d-crime-scene-reconstruction-new-career-horizons-for-indian-students
https://en.m.wikipedia.org/wiki/Crime_reconstruction

www.ijlra.com
Volume 2 Issue 8 | July 2025 ISSN: 2582-6433

instruments and protocols to bring clarity to complex investigations, ultimately providing vital
insights that can make or break a case. By understanding the principles and applications of
these specialized techniques, we unlock the power to "unveil the invisible” and contribute to

the pursuit of justice.

Forensic Biology and DNA Analysis

Forensic biology stands as a cornerstone in linking individuals to crimes through their unique
genetic blueprint. DNA analysis, in particular, has revolutionized investigations. From minute
samples of blood, saliva, semen, or even skin cells, forensic scientists can extract and amplify
DNA, creating a genetic profile. This profile is then compared to known samples from suspects
or entered into national databases like India's DNA Data Bank (once fully operational) for cold
cases. The power lies in its ability to provide highly conclusive identification and
individualization, confirming presence at a scene, identifying victims, or ruling out suspects

with unparalleled accuracy.

Forensic Chemistry and Toxicology

Forensic chemistry and toxicology delve into the molecular world to identify and quantify
substances relevant to criminal acts. Forensic chemists analyze unknown substances found at
crime scenes, identifying illicit drugs, accelerants in arson cases, or residues from explosives.
Toxicologists focus on the effects of substances on the human body, detecting poisons, drugs,
and alcohol in biological samples to determine their role in deaths or impairments. Their
meticulous analysis provides crucial insights into the cause of death, the presence of
intoxicants, or the nature of explosive devices, directly aiding in establishing motive and

circumstances.

Forensic Ballistics and Toolmark Examination

Forensic ballistics and toolmark examination link weapons and tools to specific crimes through
unique microscopic markings. Ballistics experts analyze firearms, spent bullets, and cartridge
cases to determine the type of weapon used, often identifying the specific firearm based on
unique rifling marks and firing pin impressions. Toolmark examiners analyze marks left by
tools, such as screwdrivers, crowbars, or even teeth, on surfaces to match them back to a
suspect's tool. This discipline provides crucial associative evidence, establishing connections

between perpetrators, victims, and crime scenes through impressed patterns.
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Fingerprint Analysis

Fingerprint analysis remains one of the oldest and most reliable forms of identification in
forensic science. The unique patterns of ridges and valleys on our fingertips, formed even
before birth, provide an unalterable and distinct biometric signature for every individual. Latent
prints, often invisible to the naked eye, are developed using various chemical and physical
methods. These patterns are then compared to known prints from suspects or searched against
national databases like India's Automated Fingerprint Identification System (AFIS). The
enduring power of fingerprints lies in their individuality and permanence, making them an

indispensable tool for linking individuals to crime scenes.

Digital Forensics

In an increasingly digital world, digital forensics is paramount, unlocking critical evidence
hidden within electronic devices. This specialized field involves the recovery, analysis, and
presentation of data from computers, smartphones, tablets, hard drives, and cloud storage.
Experts meticulously extract information such as communications (emails, messages), Browse
history, geo-location data, and even deleted files, often crucial for establishing timelines,
motives, and connections between individuals. With the Bharatiya Sakshya Adhiniyam's
explicit inclusion of electronic records, digital forensics is now a central pillar in evidence

collection and presentation in Indian courts.

Microscopy and Materials Analysis

Microscopy and materials analysis are vital for examining minute pieces of "trace evidence" —
materials transferred between people, places, or objects during a crime. Forensic microscopists
use a range of sophisticated microscopes to analyze hairs, fibers, paint chips, soil, glass
fragments, and even pollen. By comparing the microscopic characteristics, chemical
composition, and optical properties of these materials to known samples, scientists can
establish associative links. This discipline, though dealing with minute samples, can provide
powerful corroborative evidence, placing individuals or objects at a crime scene and building

a comprehensive picture of events.
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4. From Laboratory to Court: The Admissibility and Impact of Forensic

Evidence
Forensic science, at its core, is the application of scientific principles and techniques to matters
of law. The journey of evidence in a forensic investigation is a complex one, beginning at a
crime scene, moving through meticulous laboratory analysis, and culminating in the courtroom.
This chapter focuses into the crucial intersection of scientific rigor and legal scrutiny. It
explores the intricate processes by which physical evidence, once collected and analyzed by
forensic scientists, transforms into admissible testimony and exhibits within the adversarial
legal system. We will examine the foundational legal precedents and rules of evidence that
govern what forensic findings can be presented to a judge or jury, as well as the scientific
standards that ensure the reliability and validity of such evidence. Furthermore, this chapter
will discuss the profound impact that well-presented and legally sound forensic evidence can
have on the outcome of criminal and civil proceedings, highlighting its power to corroborate
or refute narratives, identify perpetrators, exonerate the innocent, and ultimately contribute to

the pursuit of justice.

Legal Frameworks: Daubert, Frye, and the Admissibility of Scientific Evidence

The journey of forensic evidence from lab to court is governed by strict legal frameworks
ensuring its reliability and admissibility. Globally, two prominent standards exist: the Frye
Standard (general acceptance in the relevant scientific community) and the more flexible
Daubert Standard (focusing on scientific methodology, peer review, error rates, and general
acceptance). In India, the Bharatiya Sakshya Adhiniyam (BSA), 2023%, while not explicitly
naming these tests, implicitly emphasizes reliability and scientific validity for "expert opinion™
(Section 39%). This means forensic evidence must demonstrate sound scientific principles and

methodologies to be presented and considered by the courts.

Expert Witness Testimony

Forensic scientists transition into “expert witnesses™ when presenting their findings in court.
Unlike lay witnesses, who testify only to facts, expert witnesses provide opinions based on
their specialized knowledge, training, and experience. They translate complex scientific

concepts into understandable language for judges and juries. Their testimony covers the

% The Bharatiya Sakshya Adhiniyam, 2023 (Act No. 47 of 2023).
% 1bid at sec. 39.
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methods used, the results obtained, and the interpretation of those results in the context of the
case. Effective communication, impartiality, and the ability to withstand rigorous cross-
examination are crucial for an expert witness to effectively convey the weight and significance

of the forensic evidence.

Forensic evidence, while powerful, is not immune to challenge. Defense attorneys employ
various strategies during cross-examination to scrutinize the validity and reliability of the
scientific findings. They might question the chain of custody, the methods used, the calibration
of instruments, the potential for contamination, or the expert's qualifications and biases. The
aim is to create reasonable doubt by highlighting potential flaws, limitations, or alternative
interpretations of the evidence. Forensic scientists must be prepared to defend their
methodologies and conclusions rigorously, ensuring the integrity of their work is maintained

under scrutiny.

The Impact of Forensic Science on Verdicts and Justice Outcomes

Forensic science profoundly impacts verdicts and justice outcomes by providing objective,
scientifically derived evidence. It can establish critical links between suspects and crime scenes
(e.g., DNA, fingerprints), identify victims, reconstruct events, and confirm or refute alibis. Its
ability to provide concrete proof often strengthens prosecution cases, leading to convictions.
Conversely, forensic evidence can also exonerate the innocent, demonstrating their non-
involvement. The scientific weight it brings helps judges and juries make more informed
decisions, moving beyond circumstantial evidence to reach conclusions based on verifiable

facts, thus promoting fairer justice outcomes.

Miscarriages of Justice

Tragically, miscarriages of justice occur, and forensic science has played a pivotal role in
correcting many. Advances in DNA technology, in particular, have been instrumental in
exonerating individuals wrongly convicted, sometimes decades after their original conviction.
Re-examination of old evidence with new, more sophisticated forensic techniques can reveal
discrepancies or provide definitive proof of innocence that was unavailable at the time of trial.
This highlights the ethical imperative for ongoing research, method validation, and the
willingness to revisit past cases, underscoring forensic science's crucial role not just in securing

convictions, but also in upholding the ultimate goal of true justice.
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5. The Future of Forensic Science: Innovation, Integration, and Global Reach
The landscape of forensic science is rapidly evolving, driven by technological advancements
and a growing demand for precise, irrefutable evidence. These future promises not only more

efficient investigations but also a more globally integrated approach to justice.

Emerging Technologies

The future of forensic science will be heavily influenced by Artificial Intelligence (Al) and
Machine Learning (ML). These technologies are poised to revolutionize data analysis, pattern
recognition, and even crime scene reconstruction. Al algorithms can sift through vast amounts
of digital evidence, identify complex patterns in DNA profiles, or even predict bloodstain
trajectories with greater accuracy and speed than human analysts. In India, research is already
exploring Al's potential in fingerprint and facial recognition, cyber forensics, and toxicology,
promising increased efficiency and accuracy. While offering immense potential, the ethical

implications, such as bias in algorithms and data privacy, remain critical areas of focus.

Nanotechnology and Biosensors

Nanotechnology and biosensors represent a new frontier in the ultra-sensitive detection of
evidence. Nanosized materials can be engineered to detect minute traces of substances, such as
explosives, drugs, or even specific DNA sequences, at crime scenes or on suspects, often in
real-time. Biosensors, which convert biological interactions into measurable signals, can offer
rapid, on-site screening for biological fluids or pathogens. In India, research into nanomaterials
for optical biosensors is showing promise for enhancing the detection of trace evidence like
DNA, fibers, and gunshot residue, enabling earlier and more precise identification of crucial

clues.

Cold Case Investigations

The relentless march of forensic innovation provides renewed hope for solving cold cases—
unresolved crimes, sometimes decades old. New techniques, particularly in advanced DNA
analysis like familial DNA searching and next-generation sequencing, can extract profiles from
previously insufficient or degraded samples. Digital evidence, once overlooked, can now be
analyzed with advanced software to uncover hidden data. In India, investigators are
increasingly leveraging 3D scanning, improved lighting, and refined chemical analyses to re-
examine original crime scenes and evidence, offering a powerful chance for justice to prevail

where it was once elusive.
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Crime is increasingly transnational, necessitating greater international cooperation and
harmonization in forensic practice. Sharing best practices, standardized protocols, and
compatible data systems across borders is crucial for combating global criminal networks.
Initiatives focused on mutual operational assistance, information exchange, and consistent
quality standards are gaining traction. For India, active participation in global forensic
networks and adherence to international guidelines, perhaps further spurred by the Bharatiya
Sakshya Adhiniyam's modernizations, will be key to enhancing its role in global criminal

investigations and ensuring seamless cross-border evidence exchange.

5.1 The Continuing Evolution of the Forensic Scientist: Multidisciplinary Skills and
Lifelong Learning

The future forensic scientist will be a highly adaptable professional with an ever-expanding
skill set. Beyond core scientific knowledge, they will need strong analytical and problem-
solving abilities, proficiency in data science, and a deep understanding of cyber technologies.
Continuous lifelong learning will be imperative to keep pace with rapid technological
advancements and evolving legal frameworks like the BSA. In India, the emphasis is on
developing multidisciplinary skills, technical proficiency with advanced instruments, and
ethical judgment, ensuring that forensic professionals remain at the cutting edge, effectively

bridging science and justice in an increasingly complex world.

The Law Commission of India plays a crucial role in reviewing and recommending reforms to
the legal system, including aspects related to forensic science in crime investigation. While
there may not be a single report regarding this, several recent developments and reports by
various bodies, including the Law Commission or those influencing legal reforms, highlight
the growing importance and integration of forensic science in India's criminal justice system.

Some of the of recent trends and relevant initiatives are as follows:

A. Emphasis on Forensic Science in New Criminal Laws:
= Bhartiya Nagarik Suraksha Sanhita, 2023 (BNSS): This new criminal law (replacing
the old CrPC) has made significant strides in mandating the use of forensic science.®’

37 Krishna R, TNDALU, Revolutionizing Criminal Investigations: The Forensic Mandate Under Section 176 Of
BNSS , LLR, (JULY, 10, 2025) , https://www.ijllr.com/post/revolutionizing-criminal-investigations-the-
forensic-mandate-under-section-176-of-bnss?
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= Compulsory Crime Scene Examination: Section 176(3) of the BNSS, 2023, mandates
compulsory examination of crime scenes in offenses where the prescribed punishment
is seven years or more®. This is a major step towards ensuring scientific collection of
evidence.

= Legal Basis for Digital Evidence: The new laws provide a legal basis for audio, video
recordings, videography of forensic evidence, and digital records in interrogation,
enhancing the admissibility of such evidence in court.%

= Time-bound Investigations: The BNSS aims to ensure timely justice by setting time
limits for police, prosecution, and the judicial system, which implicitly requires
efficient forensic support.

B. Government Initiatives and Policy Push:

= National Forensic Sciences University (NFSU): The establishment of NFSU in 2020
demonstrates a strong commitment to producing skilled forensic professionals and
fostering research®®. The government is working towards establishing an NFSU in
every major state.

= Modernization of Forensic Capabilities: The Ministry of Home Affairs has supported
the modernization of forensic infrastructure in states, with plans for a significant
financial outlay (e.g., 22,080 crore plan mentioned in recent reports).*!

= National Forensic Data Centre: A National Forensic Data Centre is planned to
centralize and manage forensic evidence data.*?

= Awareness and Training Campaigns: Campaigns are being launched to educate police
officers, public prosecutors, and courts on the importance and use of forensic science.

C. Existing Challenges and Recommendations:

= Infrastructural and Procedural Limitations: Despite advancements, there are still
disparities in the quality of forensic services, regional accessibility, and scientific rigor

across different forensic institutions.

3 Navigating Through Criminal Law Reforms: Part Il - Review of Bharatiya Nagarik Suraksha Sanhita, 2023,
replacing the Code of Criminal Procedure, 1973, https://www.nishithdesai.com/NewsDetails/14897

3% Dr. C.E. Pratap, Recent Trends in Crime Scene Investigation: Inclusion of Forensic Science under New Criminal
Law, jan. 06, 2025. https://article.isarpublisher.com/viewArticle/Recent-Trends-in-Crime-Scene-Investigation-
Inclusion-of-Forensic-Science-under-New-Criminal-Law?

40 The National Forensic Sciences University (NFSU) , about us, (July ,09, 2025) https://nfsu.mha.gov.in/about?
4L PIB Delhi, Union Home Minister and Minister of Cooperation, Shri Amit Shah, inaugurates new building of
Central Forensic Science Laboratory (CFSL), Kolkata, in West Bengal, june. 01, 2025,
https://www.pib.gov.in/PressReleseDetail.aspx?PRID=2133128&

42 Infra note. 56. https://www.pib.gov.in/PressReleasePage.aspx?PRID=2110804&
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= Shortage of Experts: A dearth of forensic and cyber experts in police departments
across various states remains a challenge.
= Dependence on Oral Evidence: Police often lean towards oral evidence due to a lack
of modern gadgets, scarcity of forensic laboratories, and insufficient experts, rather
than focusing on scientific and circumstantial evidence.
= Need for Collaboration: There is a recognized need for greater collaboration among
academic institutions, practitioners, and industry to foster innovation, research, and
skill development in forensic science.
= Quality Management and Accreditation: Reports emphasize the need for an overhaul
of the regulatory setup for forensic science in India, including accreditation and quality
management systems for laboratories*.
D. Older but Still Relevant Law Commission Reports:
While the more recent focus is on the implementation of the new criminal laws, older
Law Commission reports that touched upon evidence and criminal procedure have laid
the groundwork for these reforms. For example:
= 69th Report on The Indian Evidence Act, 1872 (1977): While old, this
comprehensive report on evidence law is foundational and influences
discussions on the admissibility and weight of scientific evidence.
= 239th Report on Expeditious Investigation and Trial of Criminal Cases
Against Influential Public Personalities: This report, while not solely on
forensics, touches upon the issues of quality of investigation and the need for
modern gadgets and forensic support*4,
The recent trends strongly indicate that forensic science is indeed being recognized as an
"indispensable link™ in modern crime investigation in India. The new criminal laws,
government initiatives, and ongoing discussions reflect a concerted effort to strengthen forensic
infrastructure, expertise, and its integration into the entire criminal justice process to ensure
objectivity, accuracy, and timely justice. While a single, comprehensive Law Commission
report with the exact title you mentioned might not be readily available, the spirit of that title

is reflected in the numerous legal and policy changes being implemented.

43 Joseph, A., Rao, 1., & Singh, N. (2025). Towards standardized forensic DNA practices: Comparative analysis
of forensic DNA quality management systems in India and the UK. Multidisciplinary Science Journal, 7(9),
2025507. https://doi.org/10.31893/multiscience.2025507.

448, Sumiti Ahuja , Need of Scientific Techniques in Criminal Investigations in India: An Overview , nov. 2023,
(July. 07, 2025) ,https://www.socialresearchfoundation.com/new/publish-journal.php?editiD=7717
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5.2 Role of Judiciary

Forensic science is intrinsically linked to legal outcomes, with several landmark cases both in

India and abroad shaping its admissibility and impact. These judgments highlight the

indispensable role of scientific evidence and the rigorous scrutiny it undergoes in the pursuit

of justice.

Selvi & Ors. vs. State of Karnataka & Anr#. (2010) (India)

This landmark Supreme Court of India judgment dealt with the constitutional validity
of narco-analysis, polygraph tests, and brain mapping. The Court held that involuntary
administration of these techniques violates an individual's right against self-
incrimination under Article 20(3)*® of the Indian Constitution. While it acknowledged
the scientific nature of these techniques, it emphasized that any information derived
without consent would be inadmissible as evidence. This case set a vital precedent
regarding human rights in the context of forensic investigations, ensuring that scientific
advancements do not infringe upon fundamental freedoms.

Daubert v. Merrell Dow Pharmaceuticals, Inc*’. (1993) (USA)

This U.S. Supreme Court case revolutionized the standard for admitting expert
scientific testimony in federal courts, replacing the older "Frye standard.” The Daubert
ruling established that trial judges act as "gatekeepers,” evaluating the reliability and
relevance of scientific evidence based on several factors: whether the theory or
technique can be tested, whether it has been subjected to peer review and publication,
its known or potential error rate, the existence and maintenance of standards controlling
its operation, and whether it has achieved general acceptance within the relevant
scientific community. While directly applicable to US federal courts, its principles have
influenced the admissibility of scientific evidence globally, including in India, where
courts consider similar factors when evaluating expert opinions under the Indian
Evidence Act.

Mukesh & Anr. v. State for NCT of Delhi “8(Nirbhaya Case, 2017) (India)

The Nirbhaya gang rape and murder case, a profoundly impactful judgment in India,
heavily relied on forensic DNA profiling and electronic evidence. The Supreme Court
upheld the lower court's conviction, underscoring the vital corroborative role played by
DNA matching the accused with biological samples from the victim and the crime

4 Selvi & Ors. v. State of Karnataka, (2010) 7 SCC 263

46 The Constitution of India, 1950, Art. 20, cl. (3).

47 Daubert v. Merrell Dow Pharmaceuticals, Inc., 509 U.S. 579 (1993).
48 Mukesh & Anr. v. State for NCT of Delhi, (2017) 6 SCC 1
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scene. Additionally, call detail records and other electronic evidence were crucial in
establishing the movements and communication of the accused. This case solidified the
admissibility and significance of modern forensic techniques, particularly DNA and
digital forensics, as powerful tools in proving guilt beyond reasonable doubt.
* R.v. Mohan?*® (1994) (Canada)
While a Canadian case, R. v. Mohan is widely cited internationally for establishing
clear criteria for the admissibility of expert evidence. The Supreme Court of Canada
outlined four prerequisites: (a) relevance; (b) necessity in assisting the trier of fact (i.e.,
the judge or jury needs the expert's specialized knowledge); (c) the absence of any
exclusionary rule (e.g., privilege); and (d) a properly qualified expert. This framework
provides a structured approach for courts to assess whether a particular piece of
scientific evidence and the expert's testimony will genuinely assist in the fact-finding
process, preventing unreliable or unhelpful *junk science™ from entering the courtroom.
* Prakash v. State of Karnataka® (2014) (India)

This Supreme Court of India case highlighted the rigorous standards required for
convicting an individual based heavily on circumstantial evidence, particularly
concerning forensic findings. In this murder case, the conviction rested largely on
fingerprint evidence and bloodstained clothes. However, the Supreme Court
meticulously examined the prosecution’s handling of the evidence and found significant
deficiencies, including the inadequacy of fingerprint comparison and procedural lapses
in evidence collection. The Court ultimately acquitted the accused, emphasizing that
forensic evidence, while powerful, must be meticulously collected, preserved, and
analyzed, and its findings must be unequivocally established and corroborated to stand
up to judicial scrutiny. This case serves as a crucial reminder of the need for

unblemished forensic processes.

6. Findings and recommendations:
Forensic science has undeniably emerged as an indispensable link in modern crime
investigation within Indian society, fundamentally transforming how law enforcement

approaches criminal cases®. Its evolution from rudimentary methods to sophisticated

49 R.v. Mohan, [1994] 2S.C.R. 9

%0 prakash v. State of Karnataka, (2014) 12 SCC 133

51 Maruf Billah, Developing an Explainable Al System for Digital Forensics: Enhancing Trust and Transparency
in  Flagging  Events  for  Legal Evidence, July. 03, 2025, (July. 07,  2025)
https://www.forensicscijournal.com/abstract/jfsr-aid1089#
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techniques has brought a much-needed scientific rigor and objectivity to a system historically
reliant on eyewitness testimony and confessional statements, which are often susceptible to

manipulation or human error.

One of the most significant findings is the growing acceptance and reliance on forensic
evidence by Indian courts®2. Once viewed with skepticism, scientifically derived evidence,
particularly DNA profiling, fingerprint analysis, and ballistic reports, is increasingly
recognized as crucial for establishing guilt or innocence®. This shift has instilled greater public
faith in the justice system, as it moves towards a more evidence-based approach rather than
purely relying on subjective accounts. Landmark judgments and successful convictions,
especially in complex cases like homicides, sexual offenses, and cybercrimes, frequently
highlight the decisive role of forensic findings. For instance, DNA evidence has been
instrumental in identifying perpetrators, solving cold cases, and even exonerating the wrongly
accused, thereby strengthening the principle of "justice for all.” The recent identification of
charred and fragmented bodies in incidents like industrial blasts through DNA analysis by
forensic labs showcases their critical role in situations of mass casualties and disaster victim

identification.>*

Furthermore, forensic science has proved invaluable in overcoming challenges inherent in the
Indian investigative landscape. In a country with a vast population and a diverse social fabric,
traditional investigative methods often face hurdles like uncooperative witnesses, language
barriers, and the sheer scale of crime. Forensic tools provide objective data that can bridge
these gaps, offering leads where none existed, corroborating or contradicting witness
statements, and narrowing down suspect pools®. The ability to reconstruct crime scenes,
analyze digital footprints, and detect illicit substances has empowered investigators to tackle
increasingly sophisticated and organized crimes, including economic frauds and cyberbullying.
The establishment of Central Forensic Science Laboratories (CFSLs) and State Forensic

52 Srishti, The Impact of Forensic Science on the Legal System in India. J Forensic Sci Res. 2025; 9(1): 001-006.
Available from: https://dx.doi.org/10.29328/journal.jfsr.1001072

%3 Ibid.

54 U Sudhakar Reddy, charred and fragmented bodies Telangana forensic science laboratory TGFSL identifies 27
victims  of  sigachi  industries  blast  through ~ DNA  analysis, (JULY, 07, 2025),
https://timesofindia.indiatimes.com/city/hyderabad/charred-and-fragmented-bodies-telangana-forensic-science-
laboratory-tgfsl-identifies-27-victims-of-sigachi-industries-blast-through-dna-
analysis/articleshow/122287230.cms

% Tsion Chudnovsky, The Role of Forensic Evidence in Criminal Cases, may. 14, 2024, (July ,06, 2025) ,
https://toplawyer.law/the-role-of-forensic-evidence-in-criminal-cases
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Science Laboratories (SFSLs) across the country, alongside specialized units like the
Directorate of Forensic Science (DFS), signifies India's commitment to strengthening its
forensic infrastructure®. Initiatives like the National Forensic Science Policy (2019) aim to
standardize practices, improve laboratory facilities, and promote research and development in
the field®’. The historical adoption of fingerprinting in the late 19th century and later DNA
profiling in the 1990s demonstrates a consistent effort to integrate global forensic

advancements into the Indian context.

However, despite these strides, the findings also reveal significant challenges that impede the
full potential of forensic science in India. These include:

> Inadequate Infrastructure and Funding: Many forensic laboratories, particularly at
the state level, suffer from outdated equipment, insufficient funding, and a lack of
modern tools®®. This limits their capacity to conduct thorough and timely investigations,
leading to backlogs and delays in case processing™.

» Human Resource Shortage: There's a persistent shortage of skilled forensic scientists,
technicians, and specialized personnel®. Vacancies in government forensic labs,
coupled with bureaucratic delays in recruitment, often lead to reliance on contractual
staff, impacting service quality and efficiency.®*

» Training and Standardization: While efforts are being made, there's a need for more
comprehensive and standardized training programs for both forensic professionals and
law enforcement personnel on evidence collection, preservation, and interpretation.
Inconsistent practices across labs can affect the admissibility and reliability of evidence

in court.

% PIB Delhi, expansion of forensic science laboratories, (MAR. 12, 2025 4:16p.m.),
https://www.pib.gov.in/PressReleasePage.aspx?PRID=2110804

57 Kapil Kumar Nagwanshi, Cyber Forensic Review of Human Footprint and Gait-based System for Personal
Identification in Crime Scene Investigation,Apr., 2018, (June. 30, 2025),
https://www.researchgate.net/figure/T he-India-was-the-first-country-who-adopt-fingerprint-in-a-legal-capacity-
in-the-year figl 345667712
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US#:~:text=This%20deficiency%20has%20been%20identified,enforcement%20agencies%20t0%20efficiently
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80 Sreehari Palaihat , What Really Is Holding Back Forensic Science in India?, Aug. 22,2023,
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» "CSI Effect” and Public Misconceptions: Popular media portrayals often create
unrealistic expectations among the public and juries about the speed and infallibility of
forensic science®. This "CSI effect" can sometimes lead to undue pressure on forensic
experts or unwarranted skepticism if cases lack "definitive" forensic evidence®.

> Legal Framework and Admissibility: While courts are increasingly accepting
forensic evidence, continuous dialogue and legal reforms are needed to address
emerging forensic techniques and ensure their clear admissibility and weight in trials.

» Evidence Contamination and Handling Issues: Improper crime scene management,
collection, and preservation of evidence by first responders or untrained personnel can
lead to contamination, degradation, or loss of crucial evidence, compromising the entire

investigation®,

Conclusion:
In conclusion, forensic science is no longer a peripheral aid but an indispensable pillar of
modern crime investigation and the justice delivery system in India. Its scientific foundation
provides a critical antidote to the limitations of traditional investigative methods, fostering
greater accuracy, objectivity, and reliability in establishing facts and identifying culprits®. The
increasing reliance on DNA, fingerprints, and other scientific evidence has undoubtedly
enhanced the credibility and fairness of judicial proceedings, moving Indian society closer to

a truly evidence-based justice system.

However, for forensic science to realize its full transformative potential, India must address the
persistent systemic challenges. This necessitates a concerted national effort to significantly
upgrade forensic infrastructure, invest in state-of-the-art technology, and crucially, bridge the
human resource gap through robust training and recruitment programs. Standardizing protocols
across all forensic labs, fostering greater collaboration between forensic experts, law

enforcement, and the judiciary, and educating the public about the realistic capabilities of

2 Buckler, Kevin G., Misconceptions of forensic science fostered by media,(June. 29, 2025) |,
https://www.ebsco.com/research-starters/communication-and-mass-media/misconceptions-forensic-science-
fostered-media
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8 Shaw, Taylor, Cross-contamination of evidence, (July. 07, 2025), https://www.ebsco.com/research-
starters/law/cross-contamination-evidence
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Forensic Sciences: Innovation and Precision" Technologies 12, no. 8: 120.
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forensic science are equally vital®®. By proactively tackling these issues, India can ensure that
forensic science continues to serve as an effective bridge between science and justice, paving
the way for a more efficient, equitable, and accountable criminal justice system for all its
citizens. The journey is ongoing, but the trajectory clearly points towards a future where

forensic science is not just an aid, but the very backbone of modern crime investigation in India.
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