The impact of technology on criminal investigations

Over the last decade, technology has reshaped criminal investigations from the first
emergency call to the moment evidence is presented in court. What once depended on
eyewitness recollection, paper records, and analog forensics now moves through a dense
mesh of data streams, sensors, and algorithms. This transformation is global in scope, yet
uneven in pace: large, well-resourced agencies often run at the frontier while smaller forces
and low-income jurisdictions adapt what they can. Across contexts, three broad currents stand
out—digitization of evidence, analytics at scale, and a deepening negotiation between
investigative power and civil liberties.

Digitization changed the substrate of nearly every case. Ten years ago, “digital evidence” often
meant a seized laptop or a call-detail record. Today, investigators routinely confront entire
personal ecosystems: smartphones and their secure messaging apps, cloud backups scattered
across data centers and jurisdictions, wearable data, vehicle telematics, home cameras and
smart speakers, and a social media trail that can place a suspect in space and time. Even
traditional crimes now have a digital dimension; a street robbery might be reconstructed from
nearby CCTV, a rideshare log, a fitness tracker’s heart-rate spike, and geotagged posts. The
investigative craft has adapted accordingly, with digital forensics labs standardizing triage
protocols, imaging procedures, and chain-of-custody safeguards to preserve integrity while
moving quickly. Hashing, metadata preservation, and comprehensive audit trails have become
routine, reflecting courts’ rising expectations for reproducibility.

Analytics scaled in parallel with this data deluge. Machine learning—once a pilot project in a
handful of cities—is now embedded in everyday tools. Image and video analytics help sift
thousands of hours of CCTV to track a distinctive backpack or vehicle, flagging segments where
a person of interest appears. Automatic license plate recognition creates searchable
movement histories over road networks. Speech-to-text transforms wire intercepts and body-
worn camera audio into searchable transcripts. Natural language processing supports open-
source intelligence, pulling salient leads from online marketplaces, extremist forums, or threat
posts while filtering spam and noise. In cybercrime and financial investigations, blockchain
analysis, anomaly detection, and link analysis map flows of illicit funds through mixers and
exchanges, narrowing investigative targets that would be invisible to manual review. These
tools do not replace detective judgment; rather, they compress time, elevate patterns, and
broaden the aperture of what can be seen.

Forensic science also moved forward in decisive ways. Next-generation DNA sequencing
increased sensitivity and speed, enabling high-confidence results from touch DNA and
degraded samples when handled with rigorous contamination controls. In some countries,
investigative genetic genealogy added a controversial but potent avenue for identifying
suspects or unknown remains by searching consumer genealogy databases via law-governed



processes. Rapid DNA instruments appeared in booking contexts, though their use remains
bounded by policy and concerns about error rates. Outside genetics, microtraces—paint, soil,
pollen, microplastics—are now compared with machine-assisted classifiers, and gunshot
residue or explosive signatures are matched with growing reference libraries. On the digital
side, memory forensics matured: live system acquisition, volatile memory analysis, and
malware reverse engineering became standard for ransomware, espionage, and child
exploitation cases.

The last decade also saw a revolution in how evidence is captured in the field. Body-worn
cameras spread globally, changing fact-finding after uses of force and providing a granular
account of officer-public interactions. Drones extended scene documentation, allowing
orthomosaic crime-scene maps and safe entry into hazardous areas. Three-dimensional laser
scanning became common after major incidents, preserving a scene as a navigable model that
can be measured and revisited virtually by investigators, experts, and jurors. These capture
technologies improved both accuracy and transparency, though they introduced heavy data
management obligations; petabytes of video must be stored, tagged, retained, redacted, and
disclosed on tight deadlines.

Cloud computing and cross-border data access emerged as both an engine and a constraint.
Investigators increasingly depend on evidence held by global service providers—messages,
photos, location histories, and logs—governed by the provider’s policies and the interplay of
national laws. Mutual legal assistance processes, once measured in months or years, were
pressured to accelerate. New legal instruments and bilateral frameworks aimed to streamline
lawful access while maintaining privacy protections, but the practical reality remains complex:
a homicide detective in one country may need a provider’s data stored in another, subject to
a third nation’s privacy regime. That tension has forced agencies to build legal and technical
literacy, establishing specialist units that draft precise requests, verify minimization, and
validate authenticity.

Encryption has defined one of the decade’s most contested frontiers. End-to-end encrypted
messaging and default device encryption are now standard for major platforms, bolstering
global cybersecurity and personal privacy. For investigators, this often means data at rest and
in transit may be inaccessible even with a court order. The response has not been a single
backdoor—widely recognized as risky for everyone—but a diversification of lawful
investigative methods: targeted device exploitation with judicial oversight, cloud artifact
recovery, endpoint forensics from backups and companion devices, and greater reliance on
metadata, network telemetry, and open-source intelligence. The debate continues in
legislatures and courts, but operationally, investigators have adapted by emphasizing lawful,
targeted, and documentable alternatives rather than seeking universal keys.

Artificial intelligence sharpened both capabilities and ethical scrutiny. Facial recognition
moved from lab demos to operational deployments, assisting in time-critical identifications,
but this progress came with documented accuracy disparities and risks of misidentification.



Many jurisdictions responded with safeguards: higher confidence thresholds, human-in-the-
loop review, audit logs, limited watchlists, and prohibitions on real-time mass surveillance.
Similar guardrails are emerging around other biometric analytics such as gait or voice
recognition. More broadly, agencies are developing model risk frameworks—validation, drift
monitoring, bias assessment, and disclosure practices—to ensure algorithmic tools augment
rather than distort justice. Courts, meanwhile, have become more demanding about
explainability; black-box outputs that materially influence decisions face heightened scrutiny,
pushing vendors and agencies toward interpretable models or robust expert testimony.

Global practice still varies widely. Advanced investigative suites—integrated case
management, evidence lifecycle platforms, cross-database search—are common in national
units and metropolitan forces, while rural departments and lower-income countries may rely
on open-source tools, regional labs, and international training programs. This unevenness can
be partially offset by cooperative networks: regional computer emergency response teams,
international child protection task forces, and cyber fusion centers that share indicators,
playbooks, and forensic images. Transnational crimes—human trafficking, wildlife smuggling,
ransomware, online fraud—have, in turn, pushed harmonization of procedures: standard
operating protocols for imaging devices, shared lexicons for classifying abuse material, and
common validation tests for digital tools.

The courtroom has not been left behind. Judges and juries increasingly expect visual, data-
rich narratives: timeline exhibits built from call records, maps stitched from cell site analysis,
3D reconstructions of crash scenes, and dashboards that trace funds across accounts. With
that expectation has come greater emphasis on evidentiary foundations: demonstrable
reliability, peer-reviewed methods, documented error rates, and transparent chain of custody.
In some places, innocence-focused units now re-examine convictions where past forensic
methods were overstated, reflecting a healthier skepticism and a commitment to scientific
rigor.

All of these advances have implications for rights. The same tools that accelerate justice can
chill speech or entrench disparities if used indiscriminately. Bulk data retention, mass scraping,
or poorly governed watchlists can sweep up the innocent alongside the guilty. The last
decade’s response has been an emerging architecture of accountability: clearer statutory
limits, independent oversight bodies, public reporting of surveillance tool use, mandatory
impact assessments, and community engagement when new technologies are proposed.
Training has shifted too, with curricula that pair technical competence with legal and ethical
literacy: proportionality, necessity, minimization, and the practical meaning of due process in
a data-saturated world.

Taken together, the global trajectory has been toward investigations that are faster, more data-
driven, and potentially more accurate, but also more complex and more legally fraught. The
next phase will likely refine rather than revolutionize: better interoperability among systems,
privacy-preserving analytics that allow queries without exposing raw data, stronger



cryptographic proofs of evidence integrity, and international norms that shorten lawful access
times while protecting fundamental rights. The last decade taught agencies that technology is
not a silver bullet; it is an amplifier. When deployed with discipline, transparency, and respect
for liberties, it can uncover truth with unprecedented clarity. When used carelessly, it can
magnify error and erode trust. The global challenge now is to lock in the former while guarding
relentlessly against the latter.

In India, the impact of technology on criminal investigations must be viewed not only in terms
of tools and methods but also through the lens of the country’s social and institutional
construct. Unlike some smaller or more homogenous societies, India’s scale, diversity, and
persistent inequalities create a distinctive environment where technological innovation
interacts with deep-rooted societal realities. Over the last decade, investigative agencies in
India have gradually integrated modern forensic and digital technologies, yet their application
and acceptance are shaped by issues such as resource disparity, judicial oversight, public trust,
and concerns about privacy and rights.

The most visible shift has been the rapid adoption of digital forensics and data-driven
methods. As smartphone penetration rose to more than half the population and internet
connectivity became widespread, crimes ranging from financial frauds to gender-based
harassment acquired a digital dimension. Law enforcement agencies, particularly at the
central level, began building cyber cells and specialized digital forensics labs to handle these
cases. The Central Bureau of Investigation (CBI), National Investigation Agency (NIA), and
state-level police units now depend heavily on call detail records, internet protocol logs, and
data retrieved from cloud platforms. Social media evidence has become especially significant,
often used to reconstruct events during communal tensions, protests, or organized crimes.
However, the sheer scale of India’s digital population means investigators face overwhelming
volumes of data and frequent delays in lawful access, especially when evidence is held by
foreign service providers.

Biometrics represent another area of rapid integration into the investigative process. India’s
Aadhaar program, the world’s largest biometric identity system, though primarily designed for
welfare delivery, has influenced how society perceives state access to personal identifiers.
Police agencies now increasingly use fingerprint and facial recognition systems, drawing from
national and state databases. Delhi Police’s facial recognition system, for instance, has been
deployed during protests and for tracking missing children, raising both efficiency gains and
controversy about surveillance of dissent. This dual perception highlights the Indian societal
construct: while many citizens value swift identification of offenders in cases of violent crime
or trafficking, civil society organizations and rights activists remain concerned about potential
misuse against marginalized communities and political opposition.

Forensic science infrastructure has also grown in India over the past decade. The
establishment of regional forensic laboratories, investment in DNA profiling facilities, and
training in advanced evidence collection techniques are gradually improving investigative



quality. DNA testing has become more common in cases of sexual assault, paternity disputes,
and identification of remains, aided by the passing of the DNA Technology (Use and
Application) Regulation Bill in recent years. Yet resource disparities remain stark: metropolitan
areas benefit from well-equipped labs, while rural police stations may lack even basic kits for
evidence preservation, leading to contamination or delays that undermine cases. This urban-
rural divide reflects India’s broader social inequalities, where access to technological justice
often mirrors economic development levels.

Body-worn cameras, CCTV networks, and surveillance drones have been rolled out across
several states, particularly in urban centers. Cities like Hyderabad and Delhi boast dense CCTV
coverage, which has indeed assisted in solving crimes, including hit-and-run cases and
abductions. Public acceptance of such monitoring is relatively high, often framed in terms of
safety, especially for women and children. However, the absence of a robust data protection
law until recently meant that questions about retention, misuse, or unauthorized access to
this footage persisted. The growing middle class and digital rights activists increasingly press
for stronger safeguards, illustrating a societal tension between security-driven acceptance and
privacy-conscious resistance.

Judicial attitudes in India also shape the investigative landscape. Indian courts have historically
insisted on adherence to constitutional protections, such as Article 21’s guarantee of the right
to life and personal liberty. The Supreme Court’s recognition of privacy as a fundamental right
in 2017 recalibrated the debate about surveillance and data collection. While courts accept
digital and forensic evidence, they demand strict compliance with chain-of-custody
procedures, authenticity, and relevance. This insistence is significant in a societal construct
where public trust in police integrity is not uniformly high; judicial oversight becomes a
counterbalance that ensures technology does not override due process. Nonetheless,
prolonged case backlogs and limited judicial familiarity with emerging technologies
sometimes delay justice, a reminder that adoption of tools must be paired with systemic
capacity-building.

Public perception of technology in investigations reflects India’s social realities. For
marginalized communities—Dalits, Adivasis, religious minorities—there is apprehension that
technology may reinforce existing biases rather than reduce them. Predictive policing
algorithms or automated facial recognition, if not carefully validated, risk replicating historical
patterns of over-policing in certain neighbourhoods. Conversely, for urban middle classes and
professionals, the promise of efficient, technology-driven investigations resonates strongly,
aligning with aspirations for a modern, globally comparable justice system. Thus, Indian
society experiences both hope and skepticism: hope that technology can bypass human
inefficiencies and corruption, skepticism that it might entrench structural inequalities or be
weaponized by the state.

The last decade also saw the rise of public pressure through digital platforms themselves. Viral
videos of crimes, police misconduct, or miscarriages of justice circulate widely, forcing faster



investigative responses. Online petitions and social media campaigns influence political and
administrative priorities, leading to quicker adoption of forensic or surveillance technologies.
The Nirbhaya case in 2012 catalyzed major reforms, including investment in forensic labs and
emergency response systems, showing how societal outrage mediated through digital
technology can reshape investigative practice. Yet this responsiveness to online mobilization
also highlights the unevenness: cases that go viral may receive advanced technological
resources, while others languish unnoticed.

Training and capacity building remain critical challenges. While elite agencies gain access to
advanced tools, the majority of India’s 1.5 million police personnel lack specialized training in
digital evidence handling, cyber forensics, or advanced analytics. This skill gap often results in
underutilization of technology or procedural lapses that weaken prosecutions. Socially, this
disparity manifests as frustration among citizens when high-profile cases see swift
technological intervention, but ordinary crimes are investigated with outdated methods.
Addressing this imbalance requires investment in broad-based training and infrastructure, not
just headline technologies.

Ultimately, the Indian societal construct reflects a paradox. There is broad acceptance that
technology can enhance investigative effectiveness, improve conviction rates, and address
crimes that devastate public confidence, such as sexual violence, terrorism, or financial fraud.
At the same time, India’s democratic ethos and history of social contestation mean that any
expansion of state surveillance or data collection is scrutinized by activists, courts, and media.
The last decade shows a trajectory of incremental adoption, uneven across geography and
social strata, tempered by judicial interventions and public debate. Going forward, the
challenge lies in institutionalizing technological gains within a framework of accountability,
equity, and rights. Only then can technology truly serve justice in India’s vast and complex
societal landscape.

The way forward with the advent of artificial intelligence in law courts lies in balancing
innovation with caution. Al offers tremendous opportunities to make justice more accessible,
efficient, and consistent, but it also raises concerns about transparency, accountability, and
fairness. The task ahead for legal systems is not to resist Al, but to harness it responsibly.

First, Al can be deployed in support functions that reduce the enormous burden on courts.
Case management systems powered by Al can streamline scheduling, flag procedural delays,
and prioritize urgent matters, easing judicial backlogs. Natural language processing can help
sift through thousands of pages of evidence, judgments, and legal precedents, producing
concise briefs for judges and lawyers. This does not mean substituting judicial reasoning, but
ensuring that human decision-makers spend less time on clerical tasks and more on
substantive deliberation.

Second, Al has the potential to democratize access to justice. Chatbots and virtual assistants
can provide citizens with basic legal guidance, draft simple petitions, or explain procedural



rights in plain language, particularly for those who cannot afford lawyers. This could reduce
barriers in societies where legal literacy is low. However, such systems must be carefully
designed to avoid oversimplification and bias, with clear disclaimers that they cannot replace
professional legal advice.

Third, predictive analytics in sentencing or bail decisions—already experimented with in some
jurisdictions—requires the most caution. While Al can highlight risk factors based on historical
data, it risks embedding systemic biases into future decisions if unchecked. Courts must treat
Al-generated risk scores as one input among many, always subject to judicial scrutiny. Clear
rules are needed to ensure that judges understand the limitations of algorithms and are not
over-reliant on them. Transparency in how models are trained and validated is crucial, and
defendants must have the right to challenge algorithmic assessments.

Fourth, the ethical and constitutional dimensions must be carefully addressed. The rule of law
depends on fairness, equality, and accountability—principles that cannot be outsourced to
opaque algorithms. Legislatures and higher courts should establish guidelines for the
permissible scope of Al use in judicial contexts, ensuring compliance with constitutional rights
such as equality before law and due process. Independent oversight bodies could audit Al
tools for accuracy, fairness, and proportionality.

Fifth, training and capacity building are essential. Judges, lawyers, and court staff must be
trained to understand the strengths and limitations of Al tools. Without such literacy, there is
a risk of either blind acceptance or blanket rejection. A culture of “augmented intelligence,”
where Al aids but never replaces human judgment, should guide implementation.

Finally, public trust will be the decisive factor. Justice must not only be done, but also be seen
to be done. If litigants perceive Al as an impersonal or biased black box, confidence in the
judiciary could erode. Transparency, public consultation, and phased adoption are therefore
key. Courts can start with back-office and administrative Al applications before moving
cautiously into decision-support roles.

In sum, the way forward is to view Al as a tool of judicial empowerment rather than judicial
substitution. Its responsible integration can make courts faster, more accessible, and more
consistent, but this must rest on principles of transparency, accountability, and human
oversight. Al should never replace the core human function of judging, which requires
empathy, moral reasoning, and contextual understanding. Instead, it should serve as an aid
that strengthens these human qualities, allowing courts to meet the demands of modern
societies without compromising their legitimacy.



