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Abstract 

Digital traces constitute a fundamental category of forensic evidence in 

contemporary criminal investigations, yet their conceptualization remains fragmented 

across jurisdictions. This study examines the theoretical foundations of digital traces 

as objects of forensic research, proposing a systematic classification framework and 

analyzing evidentiary challenges in criminal proceedings. Through comparative 

analysis of international legal frameworks, including the Budapest Convention on 

Cybercrime, EU Digital Evidence Regulation, and national legislation across multiple 

jurisdictions, this research identifies critical gaps in the legal treatment of digital 

traces. The study reveals significant inconsistencies in authenticity verification 

standards, chain of custody requirements, and admissibility criteria for digital 

evidence. Results demonstrate the necessity for harmonized international standards 

governing digital trace collection, preservation, and presentation in criminal 

proceedings, while recognizing jurisdictional variations in procedural safeguards and 

constitutional protections. 

Keywords: Digital Traces, Forensic Research, Digital Evidence, Chain of Custody, 

Evidentiary Challenges, Cybercrime Investigation, Admissibility Standards 

 

 

 

 

 

 

 

 

 

 

 

APA Citation: 

Kurmichkina, A. (2025). Digital Traces as an Object of Forensic Research: Concept, 
Classification and Evidentiary Challenges. Uzbek Journal of Law and Digital Policy, 3(6), 
73–93. https://doi.org/10.59022/ujldp.470 

 



 

ISSN: 3060-4575 
 

2025 

Uzbek Journal of Law and Digital Policy | 

Volume: 3, Issue: 6 

74 

I. Introduction 

The exponential growth of digital technologies has fundamentally transformed 

the landscape of criminal activity and forensic investigation, creating unprecedented 

challenges for legal systems worldwide (Casey, 2011). Digital traces, as manifestations 

of human activity in cyberspace, have emerged as primary sources of evidence in 

criminal proceedings, yet their conceptualization, classification, and evidentiary 

treatment remain subjects of ongoing scholarly debate and jurisdictional divergence 

(Carrier & Spafford, 2003). The transnational nature of digital crime, combined with 

the volatility and complexity of digital evidence, necessitates comprehensive 

theoretical frameworks capable of addressing both technical and legal dimensions of 

digital forensics (Brenner & Frederiksen, 2002). Contemporary criminal investigations 

increasingly depend upon the identification, collection, preservation, and analysis of 

digital traces, which differ fundamentally from traditional physical evidence in terms 

of their creation mechanisms, storage characteristics, and susceptibility to alteration or 

destruction (Garfinkel, 2010). 

The problem of digital trace evidence extends beyond mere technical 

considerations to encompass fundamental questions of legal epistemology, procedural 

fairness, and constitutional protection. Courts across jurisdictions struggle with 

determining appropriate standards for authenticating digital evidence, establishing 

chain of custody in distributed computing environments, and balancing law 

enforcement needs against privacy rights and due process protections (Kerr, 2005). 

The Budapest Convention on Cybercrime, adopted in 2001, established foundational 

principles for international cooperation in cybercrime investigation but left significant 

questions regarding evidentiary standards unresolved. Article 15 of the Budapest 

Convention addresses conditions and safeguards for data preservation, yet provides 

minimal guidance on authentication methodologies or admissibility criteria, creating 

inconsistent implementation across signatory states. The European Union's Regulation 

on European Production and Preservation Orders for Electronic Evidence attempts to 

harmonize cross-border evidence gathering procedures, yet faces criticism for 

potentially undermining fundamental rights protections enshrined in the Charter of 

Fundamental Rights (Koops & Leenes, 2014). 

Scholarly literature on digital forensics has evolved considerably since the 

emergence of computer crime as a distinct criminal phenomenon in the 1980s 

(McKemmish, 1999). Early works established foundational concepts of digital 

evidence examination, emphasizing the importance of scientific methodology in 

forensic analysis and the need for standardized procedures ensuring evidence integrity 

(Casey, 2011). The Integrated Digital Investigation Process model, providing 

structured frameworks for digital forensic investigations that remain influential in 

contemporary practice (Carrier and Spafford, 2003). Recent scholarship explores 

epistemological foundations of digital forensics, questioning the reliability of digital 

evidence and proposing enhanced validation methodologies (Pollitt, 2010). 
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Comprehensive taxonomies of digital evidence have been developed and refined by 

subsequent researchers, yet significant disagreement persists regarding optimal 

classification schemes and their practical utility (Palmer, 2001). The forensic tool 

validation highlights persistent challenges in ensuring reliability of digital forensic 

methodologies (Cohen, 2010), while scalability problems in analyzing increasingly 

large datasets (Garfinkel, 2010).  

The research gap addressed by this study emerges at the intersection of forensic 

science, criminal procedure, and comparative law. While existing literature provides 

extensive technical guidance on digital forensic methodologies and jurisdictional 

analyses of specific evidentiary rules, comprehensive theoretical frameworks that 

systematically conceptualize digital traces as legal-forensic objects remain 

underdeveloped (Gercke, 2009). Particularly absent are comparative analyses 

examining how different legal systems address fundamental challenges of digital trace 

authentication, preservation, and admissibility while maintaining procedural 

safeguards and constitutional protections (Kerr, 2003). The proliferation of cloud 

computing, encryption technologies, and transnational data flows has outpaced legal 

adaptation, creating situations where investigative capabilities exceed legal authority 

or procedural frameworks inadequately address technical realities (Arquilla & 

Ronfeldt, 2001). Furthermore, emerging technologies including artificial intelligence, 

blockchain, and Internet of Things devices generate novel forms of digital traces that 

existing classification schemes inadequately capture, necessitating theoretical 

frameworks capable of accommodating technological evolution (Hildebrandt, 2015).  

The aim of this study is to develop a comprehensive theoretical framework for 

understanding digital traces as objects of forensic research, examining their conceptual 

foundations, classification systems, and evidentiary treatment across international and 

national legal frameworks. The specific objectives include: first, to analyze existing 

conceptualizations of digital traces in forensic science and legal scholarship, 

identifying core characteristics that distinguish digital evidence from traditional 

physical evidence; second, to propose a systematic classification framework for digital 

traces that accommodates diverse technical forms while aligning with legal 

evidentiary requirements; third, to examine authentication challenges inherent in 

digital evidence through comparative analysis of standards articulated in case law and 

statutory provisions across multiple jurisdictions; fourth, to analyze chain of custody 

requirements for digital traces, identifying best practices and persistent challenges in 

maintaining evidence integrity throughout investigation and prosecution; and fifth, to 

evaluate admissibility criteria applied to digital evidence in criminal proceedings, 

examining how courts balance reliability concerns against practical investigative 

necessities.  

The research questions guiding this inquiry are: What are the essential 

characteristics that define digital traces as distinct objects of forensic investigation, 

and how do these characteristics impact evidentiary treatment in criminal 
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proceedings? How can digital traces be systematically classified in ways that facilitate 

both forensic analysis and legal application across diverse technological contexts? 

What standards and methodologies do different jurisdictions employ for authenticating 

digital evidence, and what factors account for observed variations in judicial 

approaches? How effectively does existing chain of custody frameworks address the 

unique challenges posed by digital evidence, particularly in contexts involving cloud 

storage, encryption, and transnational data flows? What admissibility criteria do courts 

apply when evaluating digital evidence, and how do these criteria balance concerns 

regarding reliability, relevance, and procedural fairness? How can international legal 

frameworks be strengthened to ensure effective investigation and prosecution of 

cybercrime while maintaining appropriate procedural safeguards and human rights 

protections?  

The significance of this study extends across multiple dimensions. From a 

theoretical perspective, it contributes to forensic science literature by developing 

comprehensive conceptual frameworks for digital traces that integrate technical and 

legal considerations, addressing gaps in existing classification schemes and 

evidentiary theories (Losavio et al., 2006). For legal practitioners and judiciaries, the 

research provides comparative insights into how different jurisdictions address 

authentication and admissibility challenges, potentially informing best practices and 

legal reform efforts (Sommer, 2008). Policymakers benefit from systematic analysis of 

gaps and inconsistencies in existing legal frameworks, supporting development of 

harmonized international standards and domestic legislation better aligned with 

technological realities (Goodison et al., 2015). Law enforcement agencies and forensic 

investigators gain enhanced understanding of evidentiary requirements across 

jurisdictions, facilitating more effective international cooperation in cybercrime 

investigations while ensuring procedural compliance (UNODC, 2013). From a human 

rights perspective, the study examines how evidentiary standards can be structured to 

protect fundamental rights including privacy, due process, and fair trial guarantees 

while enabling effective criminal justice responses to digital crime (Breyer, 2005).  

II. Methodology 

This study employs qualitative legal research methodology combining doctrinal 

analysis, comparative legal analysis, and systematic literature review to examine 

digital traces as objects of forensic research. The methodological approach integrates 

inductive reasoning, deriving general principles from specific instances of digital 

evidence treatment across jurisdictions. This combination enables both theoretical 

development and practical assessment of how legal systems address digital trace 

evidence challenges. The research design emphasizes theoretical methods appropriate 

for analyzing legal concepts, doctrines, and frameworks. The study does not involve 

human subjects research, obviating requirements for ethical approval from 

institutional review boards while maintaining high standards of academic integrity and 
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scholarly rigor throughout the analytical process. 

The literature analysis component encompasses systematic review of scholarly 

publications, legal documents, and technical standards relevant to digital forensics and 

evidence law. Primary sources include international legal instruments such as the 

Budapest Convention on Cybercrime (2001), which establishes foundational principles 

for international cooperation in investigating technology-facilitated crimes, with 

particular attention to Articles 14-21 governing procedural powers and safeguards for 

computer data (Council of Europe, 2001). The European Union's General Data 

Protection Regulation (GDPR), particularly Articles 6 and 9 addressing lawful 

processing of personal data and special categories thereof, provides essential context 

for understanding tensions between investigative access and privacy protection 

(European Union, 2016). T 

he EU Regulation on European Production and Preservation Orders for 

Electronic Evidence (E-Evidence Regulation) represents emerging frameworks for 

cross-border evidence gathering, with Articles 4-6 establishing procedures for 

production orders and preservation requests that significantly impact digital forensic 

practices (European Commission, 2018). National legislation examined includes the 

United States' Federal Rules of Evidence, particularly Rule 901 governing 

authentication requirements and Rule 902 addressing self-authenticating evidence, 

which have been applied extensively in digital evidence contexts through evolving 

case law (Federal Rules of Evidence, as amended). The United Kingdom's Police and 

Criminal Evidence Act 1984 (PACE), specifically sections 64-78 and associated codes 

of practice, establishes comprehensive frameworks for evidence admissibility that 

courts have adapted to digital contexts (United Kingdom, 1984).  

III. Results 

A. Conceptual Framework of Digital Traces 

Digital traces constitute a distinct category of forensic evidence characterized 

by their intangible nature, technical complexity, and unique susceptibility to alteration 

or destruction, requiring specialized conceptual frameworks beyond traditional 

physical evidence paradigms. The foundational concept of digital traces encompasses 

any data generated, modified, transmitted, or stored through electronic devices or 

computer systems that possess potential evidentiary value in criminal proceedings. 

This conceptualization distinguishes digital traces from mere digital data through their 

connection to human activity and criminal conduct, establishing forensic relevance as 

a definitional criterion rather than an inherent characteristic of all digital information. 

Article 1 of the Budapest Convention on Cybercrime defines computer data as “any 

representation of facts, information or concepts in a form suitable for processing in a 

computer system,” establishing broad parameters that encompass diverse 

manifestations of digital traces.  

However, this definition requires refinement to distinguish forensically 
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significant traces from the vast quantities of digital data generated through routine 

system operations lacking evidentiary value. Scholarly consensus recognizes that 

digital traces possess distinctive characteristics including their binary encoding, 

dependency upon technological infrastructure for human interpretation, ease of 

duplication without degradation, and potential for manipulation without visible 

indicators distinguishing authentic from altered data. These characteristics 

fundamentally differentiate digital traces from physical evidence, necessitating 

specialized forensic methodologies and modified legal frameworks addressing their 

unique properties. 

The theoretical foundation for conceptualizing digital traces draws upon 

Lockard’s Exchange Principle, traditionally articulated as “every contact leaves a 

trace,” adapted to digital environments where interactions between users and computer 

systems generate persistent data records. Digital adaptations of Lockard’s principle 

recognize that activities in cyberspace create various forms of traces across multiple 

system components, including log files recording user actions, metadata documenting 

file creation and modification, network traffic data capturing communication patterns, 

and cached data preserving temporary information that may survive beyond users' 

awareness. The forensic significance of digital traces derives from their capacity to 

establish crucial elements in criminal investigations, including identifying perpetrators 

through analysis of user accounts and access patterns, establishing timelines through 

timestamp analysis and sequential data examination, proving intent through 

communication records and search history, and reconstructing criminal activities 

through aggregation of disparate data fragments (Carrier & Spafford, 2003).  

Legal recognition of digital traces as distinct evidentiary objects remains 

inconsistent across jurisdictions, reflecting varying approaches to accommodating 

technological innovation within established procedural frameworks (Sommer, 2008). 

The United States Federal Rules of Evidence do not explicitly address digital 

evidence, requiring courts to apply traditional evidentiary principles developed for 

physical evidence to digital contexts through analogical reasoning and case-by-case 

adjudication. Rule 901(a) of the Federal Rules of Evidence establishes general 

authentication requirements mandating that proponents demonstrate evidence is "what 

the proponent claims it to be," a standard applied to digital evidence through various 

methodologies including testimony regarding computer system reliability, hash value 

verification, and metadata analysis.  

The Advisory Committee Notes to the 2017 amendment of Rule 902(13)-(14) 

acknowledge unique challenges of authenticating electronic evidence, establishing 

pathways for self-authentication of data copied from electronic devices and generated 

by electronic processes when accompanied by certifications meeting specified 

requirements. European jurisdictions generally adopt more explicit statutory 

recognition of digital evidence within criminal procedure codes. Germany's Criminal 

Procedure Code Section 94 addresses seizure of objects, interpreted by German courts 
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to encompass digital data stored on physical media, while Section 100a governing 

telecommunications surveillance explicitly addresses interception of digital 

communications. The United Kingdom's Police and Criminal Evidence Act 1984 

Section 69, subsequently repealed, originally established specific admissibility 

requirements for computer-generated evidence, reflecting early legislative recognition 

of digital evidence's distinctive characteristics.  

Emerging technologies generate novel forms of digital traces challenging 

existing conceptual frameworks and necessitating theoretical expansion to 

accommodate technological evolution. Internet of Things (IoT) devices create 

continuous streams of sensor data recording environmental conditions, user behaviors, 

and device interactions, constituting potential forensic evidence in contexts ranging 

from smart home devices in domestic violence investigations to vehicle telematics in 

traffic accident reconstruction (Stoyanova et al., 2020). Cloud computing architectures 

distribute data across multiple physical locations and organizational entities, 

complicating traditional notions of evidence location and custody while raising 

questions regarding jurisdictional authority and investigative access (Ruan et al., 

2011). 

Blockchain technologies create immutable distributed ledgers recording 

transactions across decentralized networks, generating digital traces that resist 

alteration but raise authentication questions regarding identity verification and 

attribution of blockchain activities to specific individuals (Tziakouris, 2018). Artificial 

intelligence systems produce decision outputs and maintain training data that may 

constitute relevant evidence, yet the "black box" nature of neural network decision-

making processes creates challenges for establishing reliability and explaining 

evidentiary significance to fact-finders (Kroll et al., 2017). Encrypted communications 

and anonymization technologies intentionally obscure digital traces, creating tensions 

between privacy protection and investigative access that legal frameworks address 

through varying approaches to encryption key disclosure requirements and lawful 

access mechanisms (Kerr, 2017).  

B. Classification Framework for Digital Traces 

Systematic classification of digital traces serves essential functions in forensic 

practice and legal application, enabling standardized investigative approaches, 

facilitating communication among specialists, supporting quality assurance in forensic 

methodologies, and providing frameworks for developing targeted legal standards 

addressing specific evidence categories (Palmer, 2001). Existing classification 

schemes in forensic literature reflect diverse organizing principles including technical 

characteristics, storage locations, creation mechanisms, and potential evidentiary value 

(Reith et al., 2002). Palmer's taxonomy (2001) organized digital evidence by physical 

device types, distinguishing between evidence stored on computers, networks, and 

portable devices, an approach reflecting technological configurations prevalent during 

that era but increasingly inadequate for contemporary distributed computing 
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environments (Palmer, 2001).  

The classification framework proposed in this study integrates technical, 

temporal, and legal dimensions, organizing digital traces into five primary categories 

addressing both forensic and evidentiary considerations. Category One encompasses 

persistent stored data, including files stored on hard drives, solid-state storage, or 

removable media that exist independent of system operations and survive power 

cycles. This category includes documents, images, videos, databases, and application 

data files created or modified by users through intentional actions. Legal significance 

of persistent stored data derives from its relative stability and the applicability of 

traditional search and seizure principles, with warrant requirements typically applying 

when law enforcement seeks access to stored content (Riley v. California, 2014).  

Article 19 of the Budapest Convention addresses stored computer data searches, 

authorizing competent authorities to search computer systems and storage media 

within their territory when conducting criminal investigations, establishing 

international consensus regarding legal authority to access persistent stored data under 

appropriate procedural safeguards. Category Two comprises volatile system data, 

including contents of random-access memory (RAM), processor registers, cache 

memory, and running processes that exist only while systems operate and disappear 

upon shutdown (Sutherland et al., 2008). Volatile data possesses significant forensic 

value by capturing system states, active network connections, encryption keys in 

memory, and malware artifacts that may not persist in stored data (Ligh et al., 2014). 

However, its ephemeral nature creates urgent imperatives for timely collection before 

evidence destruction and raises legal questions regarding whether accessing volatile 

memory constitutes a "search" requiring warrants or falls within exception doctrines 

permitting warrantless evidence collection (Kerr, 2011). 

Category Three encompasses network and transmission data, including email 

communications, instant messaging records, voice over IP (VoIP) conversations, and 

data packets transmitted across networks (Bosworth et al., 2009). This category 

presents complex legal challenges because transmission data may exist temporarily in 

multiple locations across network infrastructure, raising questions regarding evidence 

location, jurisdictional authority, and appropriate legal standards for interception 

versus post-transmission storage access (Brenner, 2004). The European Union's E-

Evidence Regulation attempts to address these challenges through Articles 4-6 

establishing production orders and preservation requests applicable to electronic 

evidence held by service providers regardless of provider location, subject to specified 

conditions and safeguards (European Commission, 2018). However, these provisions 

generate controversy regarding tensions between law enforcement efficiency and 

territorial sovereignty principles, data protection requirements under GDPR, and 

fundamental rights protections including privacy and correspondence confidentiality 

(Bradford, 2020).  

Category Four includes metadata and system logs, comprising information 
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about data rather than data content itself, such as file creation dates, modification 

timestamps, access logs, and system event records (Garfinkel, 2010). Metadata 

possesses substantial evidentiary value by establishing timelines, documenting user 

activities, and corroborating or contradicting other evidence, yet may be less legally 

protected than content data, with some jurisdictions permitting metadata collection 

under lower legal standards than those required for content access (Kerr & Schneier, 

2017). The distinction between metadata and content proves increasingly difficult to 

maintain in contexts where metadata aggregation enables reconstruction of detailed 

user profiles and behavioral patterns comparable to direct content surveillance (Ohm, 

2010). 

Category Five encompasses artifacts and traces generated through user activities 

or system operations that were not intentionally created as data files but emerge as 

byproducts of system functionality (Sammes & Jenkinson, 2007). This category 

includes deleted file remnants recoverable through forensic tools, browser history and 

cache files, thumbnail images, swap file contents, and printer spool files retaining 

copies of printed documents (Jones et al., 2006). These artifacts frequently possess 

significant evidentiary value because users may be unaware of their creation or 

persistence, reducing likelihood of deliberate concealment or destruction (Garfinkel, 

2007). However, artifact evidence raises authentication challenges because 

reconstructing data from system artifacts requires interpretation of binary data without 

accompanying metadata or contextual information clearly indicating origin and 

meaning (Carrier, 2005). Legal treatment of artifacts varies across jurisdictions, with 

some courts requiring enhanced authentication for reconstructed data while others 

apply standard evidence rules when expert testimony establishes reliability of forensic 

recovery methodologies.  

C. Authentication Challenges in Digital Evidence 

Authentication constitutes a threshold admissibility requirement for all 

evidence, including digital traces, mandating that proponents demonstrate sufficient 

evidence that challenged evidence is what proponents claim it to be. Digital evidence 

authentication presents unique challenges compared to physical evidence because 

digital data's intangible nature, ease of alteration, and dependency upon technological 

processes for creation and interpretation create multiple opportunities for error, 

manipulation, or misattribution throughout evidence lifecycle (Kerr, 2005). Traditional 

authentication methodologies developed for physical evidence, including chain of 

custody documentation and witness testimony regarding evidence recognition, prove 

insufficient when applied to digital traces without substantial modification addressing 

technical realities of digital evidence collection, transmission, and storage 

Courts confronting digital evidence authentication questions have articulated 

varying standards reflecting jurisdictional differences and evolving understanding of 

digital forensic capabilities and limitations (Losavio et al., 2006). The fundamental 

authentication question in digital evidence contexts encompasses multiple distinct but 
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related inquiries: whether data presented to fact-finder’s accurately represents data as 

it originally existed on investigated systems, whether data can be reliably attributed to 

specific individuals or devices, whether data has been altered through intentional 

manipulation or unintentional corruption, and whether forensic methodologies 

employed in collecting and analyzing data were sufficiently reliable to ensure 

evidence integrity (Brenner & Frederiksen, 2002). 

The United States approach to digital evidence authentication, governed by 

Federal Rule of Evidence 901, requires proponents to produce evidence sufficient to 

support a finding that the matter in question is what the proponent claims. Courts have 

identified multiple acceptable authentication methodologies for digital evidence, 

including testimony from witnesses with knowledge regarding evidence creation or 

transmission, expert testimony regarding computer system operations and forensic 

analysis procedures, distinctive characteristics of evidence including metadata or 

content indicative of authenticity, and hash value verification demonstrating that data 

remains unchanged from collection through presentation.  

Lorraine v. Markel American Insurance Co. established influential framework 

for electronic evidence authentication, emphasizing that authentication requirements 

constitute relatively low thresholds focused on demonstrating prima facie evidence 

genuineness rather than proving conclusively that evidence is authentic. The court 

articulated that authentication may be satisfied through circumstantial evidence 

including contextual information surrounding evidence creation, correspondence 

between evidence content and other established facts, and consistency of evidence 

with known patterns or practices. However, subsequent decisions reveal ongoing 

uncertainty regarding appropriate authentication standards for specific digital evidence 

types, particularly evidence generated autonomously by computer systems without 

direct human authorship or evidence obtained through forensic reconstruction of 

deleted or damaged data. 

European jurisdictions generally address digital evidence authentication through 

criminal procedure codes establishing comprehensive evidentiary frameworks rather 

than through standalone authentication rules comparable to U.S. Federal Rule of 

Evidence 901 (Thaman, 2008). Germany's approach emphasizes free evaluation of 

evidence principles enshrined in Section 261 of the Criminal Procedure Code, granting 

judges broad discretion in assessing evidence reliability while requiring reasoned 

judgments explaining evidentiary assessments. German courts addressing digital 

evidence have developed requirements for expert testimony regarding computer 

system reliability and forensic methodology adequacy, effectively incorporating 

authentication considerations within broader reliability assessments conducted during 

evidence evaluation rather than as threshold admissibility determinations 

(Bundesgerichtshof, 2012). 

The United Kingdom's approach, following repeal of Police and Criminal 

Evidence Act 1984 Section 69, relies upon general admissibility principles and judicial 
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discretion to exclude unreliable evidence under Section 78 PACE, which permits 

exclusion when admission would adversely affect proceedings fairness. British courts 

have articulated various authentication considerations including requirements for 

demonstrating proper operation of computer systems, adequate training of personnel 

conducting forensic examinations, use of validated forensic tools, and maintenance of 

adequate documentation throughout evidence collection and analysis processes. The 

European Court of Human Rights has addressed digital evidence indirectly through 

cases examining Article 8 (privacy) and Article 6 (fair trial) rights, establishing that 

evidence obtained through privacy violations may be inadmissible when violations 

constitute arbitrary interference with rights protection. 

Emerging authentication challenges arise from encryption technologies, cloud 

computing architectures, and artificial intelligence systems that complicate traditional 

authentication methodologies and necessitate novel approaches addressing 

technological complexities. Encrypted data presents authentication challenges when 

decryption processes potentially alter data or when uncertainty exists regarding 

whether decrypted data accurately represents encrypted content (Kerr, 2017). Courts 

have divided regarding whether law enforcement may compel suspects to provide 

encryption keys or passwords, with U.S. courts applying Fifth Amendment self-

incrimination analysis and European courts examining compulsion under Article 6 

European Convention on Human Rights  held that border search exception permitted 

compelling defendant to enter password enabling agents to access laptop contents, 

while United States v. Kirschner (E.D. Mich. 2010) found that compelling password 

production violated Fifth Amendment protection against compelled self-incrimination.  

Cloud computing authentication challenges include establishing that data 

presented as evidence originated from defendant-controlled accounts rather than 

unauthorized access by third parties, verifying temporal consistency when cloud 

providers may modify or update stored data without user knowledge, and addressing 

jurisdictional questions when data storage locations remain unknown or distributed 

across multiple countries (Ruan et al., 2013). Artificial intelligence-generated 

evidence, including algorithmic assessments of digital images or pattern recognition in 

large datasets, raises questions regarding whether AI outputs constitute computer-

generated evidence requiring authentication of AI system reliability or machine-

assisted evidence requiring only authentication that human analysts properly utilized 

AI tools (Selbst & Barocas, 2018).  

D. Chain of Custody Requirements and Integrity Preservation 

Chain of custody documentation serves essential functions in establishing 

evidence reliability by demonstrating continuous control over evidence from 

collection through presentation, identifying all individuals who accessed evidence and 

purposes for such access, and establishing that evidence presented at trial remains 

substantially unchanged from its condition when initially collected. Digital evidence 

chain of custody presents unique challenges because digital data's intangible nature, 



 

ISSN: 3060-4575 
 

2025 

Uzbek Journal of Law and Digital Policy | 

Volume: 3, Issue: 6 

84 

ease of duplication, and susceptibility to alteration necessitate specialized procedures 

beyond those developed for physical evidence. Traditional chain of custody 

documentation for physical evidence focuses on preventing substitution, 

contamination, or tampering through maintaining continuous physical control and 

documenting all transfers between custodians.  

However, these concerns apply differently to digital evidence because exact bit-

for-bit copies of digital data are functionally equivalent to originals, multiple copies 

may be created for analysis without affecting evidentiary value, and alterations may 

occur through unintentional processes including metadata updates during file access or 

data corruption resulting from storage media degradation. Forensic best practices 

address these challenges through technical methodologies including write-blocking 

technology preventing any modifications to original storage media during data 

acquisition, cryptographic hashing generating unique digital fingerprints enabling 

verification that data remains unchanged, and creating forensic images (exact copies) 

of original media for analysis while preserving original media in secure storage. 

International standards for digital evidence handling provide guidance for 

maintaining chain of custody and ensuring evidence integrity throughout forensic 

processes. ISO/IEC 27037:2012 establishes guidelines for identification, collection, 

acquisition, and preservation of digital evidence, emphasizing principles of relevance, 

reliability, sufficiency, and strict handling procedures minimizing contamination or 

alteration risks. The standard articulates specialized roles including Digital Evidence 

First Responders responsible for initial evidence identification and preservation, 

Digital Evidence Specialists conducting detailed forensic analysis, and Incident 

Response Specialists addressing security incidents with forensic implications. Each 

role entails specific competency requirements and procedural obligations ensuring 

appropriate evidence handling throughout investigation lifecycle.  

NIST Special Publication 800-86 provides comprehensive guidance on 

integrating forensic techniques into incident response, establishing collection 

procedures, analysis methodologies, and reporting standards applicable across diverse 

organizational and technological contexts. These technical standards establish 

professional consensus regarding appropriate forensic methodologies, yet legal 

systems vary in whether and how they incorporate technical standards into legal 

requirements for admissibility (Meyers & Rogers, 2004). Some jurisdictions explicitly 

reference technical standards in statutory provisions or judicial decisions, effectively 

making compliance with standards legally mandatory for evidence admissibility, while 

others treat standards as persuasive guidance informing expert testimony regarding 

adequacy of forensic procedures but not constituting binding legal requirements 

(Sommer, 2008). 

Legal frameworks governing digital evidence chain of custody vary 

significantly across jurisdictions, reflecting different approaches to balancing 

reliability assurance against practical investigative constraints. United States courts 
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generally apply flexible approaches to chain of custody deficiencies, treating minor 

gaps in documentation as affecting evidence weight rather than admissibility absent 

showing that deficiencies create substantial likelihood of evidence alteration. United 

States v. Whitaker (E.D. Ark. 1995) established that chain of custody for computer 

evidence could be satisfied through testimony that defendant owned computer, files 

were created during relevant time period, and forensic examination followed proper 

procedures, without requiring detailed documentation of every access to evidence. 

However, subsequent decisions reveal greater judicial scrutiny of chain of custody 

when evidence authenticity is contested or forensic procedures appear inadequate.  

European approaches generally impose more stringent chain of custody 

requirements grounded in criminal procedure code provisions governing evidence 

collection and preservation. Germany's Criminal Procedure Code Section 81b 

addresses preservation of evidence through technical examination, requiring detailed 

documentation of examination procedures and maintaining evidence in unaltered 

condition when technically feasible. The European Court of Human Rights has 

addressed chain of custody indirectly through fair trial analyses under Article 6 ECHR, 

establishing that significant chain of custody deficiencies may violate defense rights to 

challenge evidence and adversarial proceedings requirements. 

Practical challenges in maintaining chain of custody for digital evidence arise 

from cloud computing architectures, distributed data storage, and remote evidence 

collection techniques that complicate traditional custody concepts. When evidence 

resides on cloud servers operated by third-party service providers, determining 

appropriate custodial relationships becomes unclear because physical media 

containing evidence may be unknown to investigators, controlled by entities outside 

law enforcement, or distributed across multiple jurisdictions (Ruan et al., 2011). 

Remote evidence collection using network-based forensic tools enables investigators 

to acquire digital data without physically seizing storage media, creating chain of 

custody questions regarding evidence transmission security and verification that data 

received matches data transmitted from target systems (Reyes et al., 2007).  

The Budapest Convention addresses these challenges through Article 19 

provisions for transborder access to stored computer data, authorizing access in 

specific circumstances including when data is publicly available or when investigators 

obtain lawful voluntary consent from authorized data controllers. However, significant 

uncertainty persists regarding scope of these provisions and their compatibility with 

territorial sovereignty principles and national data protection laws. The EU E-

Evidence Regulation proposes streamlined procedures for cross-border evidence 

access through production orders served directly on service providers, but 

controversial provisions regarding provider obligations to respond regardless of data 

location generate concerns about extraterritorial jurisdiction and conflicts of law.  

E. Admissibility Standards and Judicial Evaluation 

Admissibility determinations for digital evidence require courts to assess 
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multiple interrelated considerations including authentication (whether evidence is 

what proponent claims), relevance (whether evidence makes facts of consequence 

more or less probable), reliability (whether evidence is sufficiently trustworthy to 

warrant consideration), and procedural compliance (whether evidence was obtained 

through lawful means respecting procedural requirements and constitutional 

protections). Traditional admissibility frameworks developed for physical and 

testimonial evidence provide foundational principles but require adaptation to address 

distinctive characteristics of digital evidence including its technical complexity, 

dependency upon specialized expertise for interpretation, and vulnerability to 

manipulation or corruption. Jurisdictions employ varying approaches to structuring 

admissibility determinations, with common law systems typically addressing 

admissibility through preliminary judicial determinations conducted outside jury 

presence, while civil law systems integrate admissibility considerations within holistic 

evidence evaluation conducted throughout trial proceedings (Damaska, 1997).  

The United States federal approach to expert testimony admissibility, articulated 

in Daubert v. Merrell Dow Pharmaceuticals (1993) and subsequently incorporated 

into Federal Rule of Evidence 702, establishes multi-factor framework for assessing 

scientific evidence reliability including whether methodology can be or has been 

tested, whether methodology has been subjected to peer review and publication, 

known or potential error rates, and general acceptance within relevant scientific 

community. Digital forensic evidence frequently requires expert testimony explaining 

technical processes, interpreting forensic analysis results, and establishing reliability 

of methodologies employed, making Daubert analysis particularly relevant to digital 

evidence admissibility (Carrier & Spafford, 2006). Courts have applied Daubert 

framework to various digital forensic methodologies with mixed results.  

European approaches to expert evidence admissibility differ substantially from 

United States Daubert framework, generally providing broader judicial discretion in 

admitting and evaluating expert testimony while imposing fewer formal reliability 

requirements as threshold admissibility criteria (Thaman, 2008). Germany's Criminal 

Procedure Code Sections 72-85 governs appointment of expert witnesses, granting 

courts discretion to obtain expert assistance when specialized knowledge is required 

for fact-finding, without establishing detailed reliability requirements as admissibility 

prerequisites. German courts evaluate expert testimony through free evidence 

evaluation principles, considering expert qualifications, methodology adequacy, 

reasoning transparency, and consistency with other evidence, but rarely exclude expert 

testimony as inadmissible based on methodology concerns.  

Instead, German judges may appoint additional court-appointed experts to 

address concerns regarding defense or prosecution experts' testimony, ensuring fact-

finder’s receive comprehensive expert assistance without excluding evidence based on 

reliability determinations. The European Court of Human Rights has addressed expert 

evidence indirectly through fair trial analysis, establishing that defendants possess 
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rights to challenge expert evidence and present their own expert testimony under 

Article 6(3)(d) ECHR guarantees regarding examination of witnesses. Brandstetter v. 

Austria (1991) established that while defendants need not be afforded identical expert 

access as prosecution, significant disparities in expert resources violating equality of 

arms principles may constitute fair trial violations requiring evidence exclusion or 

other remedies. 

Admissibility challenges specific to particular categories of digital evidence 

reveal ongoing uncertainties and jurisdictional variations in judicial approaches. Social 

media evidence, including posts, messages, and profile information, presents 

authentication challenges requiring demonstration that content genuinely originated 

from attributed authors rather than imposters or unauthorized access. Griffin v. State, 

419 Md. 343, 19 A.3d 415 (Md. 2011) addressed MySpace profile authentication in a 

case where the prosecution sought to introduce threatening messages allegedly posted 

by the defendant's girlfriend. The Maryland Court of Appeals reversed the conviction, 

holding that distinctive characteristics including personal information, photographs, 

and location were insufficient to authenticate that the potential for manipulation of 

social networking sites by someone other than the purported creator required a greater 

degree of authentication than circumstantial evidence alone.  

The court suggested that proper authentication could be established through 

direct testimony from the profile creator, forensic examination of the creator's 

computer, or information obtained directly from the social networking website linking 

the profile and postings to specific individuals. However, State v. Hannah, 229 N.C. 

App. 163, 747 S.E.2d 189 (N.C. Ct. App. 2013) found insufficient authentication for 

Facebook messages absent evidence excluding possibility that someone other than 

defendant accessed account and sent messages. These conflicting decisions 

demonstrate judicial disagreement regarding appropriate authentication standards for 

social media evidence, with Griffin establishing a heightened authentication standard 

while other jurisdictions apply traditional authentication principles, creating tensions 

between practical realities that direct authentication testimony may be unavailable and 

concerns that circumstantial authentication may inadequately ensure evidence 

reliability. 

Internet of Things device data, including smart home assistant recordings and 

fitness tracker information, raises novel admissibility questions regarding reliability of 

device sensors, accuracy of data recording and transmission, and appropriate standards 

for authenticating automated device-generated evidence (Oriwoh et al., 2013). Courts 

have admitted IoT evidence in various contexts, but comprehensive admissibility 

frameworks addressing IoT-specific challenges remain underdeveloped, creating 

uncertainty for investigators and litigants (MacDermott et al., 2018). Artificial 

intelligence-generated evidence presents fundamental admissibility challenges because 

opacity of neural network decision-making processes may prevent explanation of how 

AI systems reached conclusions, potentially violating confrontation rights or failing 



 

ISSN: 3060-4575 
 

2025 

Uzbek Journal of Law and Digital Policy | 

Volume: 3, Issue: 6 

88 

reliability requirements when proponents cannot articulate testable hypotheses 

regarding AI methodology (Selbst & Barocas, 2018).  

IV. Discussion 

The conceptualization of digital traces as distinct forensic objects, while 

theoretically straightforward, proves complex in practice because digital data exists 

simultaneously as abstract information and physical phenomena (magnetic patterns, 

electrical charges), creating ambiguities regarding appropriate analogies to traditional 

evidence categories. Courts have variously treated digital evidence as documents, 

records, objects, or sui generis evidence requiring specialized frameworks, with 

significant implications for applicable legal standards and procedural requirements 

(Brenner, 2004). The classification framework proposed in this study addresses these 

challenges by organizing digital traces according to both technical characteristics and 

legal implications, facilitating systematic analysis while acknowledging that boundary 

lines between categories may blur in complex technological contexts. 

Authentication challenges identified in this research demonstrate persistent 

difficulties in establishing digital evidence genuineness despite availability of 

technical methodologies including cryptographic hashing and forensic imaging. The 

relatively low authentication threshold articulated in Lorraine v. Markel reflects 

judicial pragmatism recognizing that evidence authenticity ultimately remains 

question for fact-finder’s rather than threshold admissibility determination. The 

contrasting European approach, integrating authentication within comprehensive 

evidence evaluation and employing court-appointed experts to assist fact-finders, 

potentially provides more robust reliability assurance but may prove less efficient in 

adversarial systems were parties control evidence presentation. Comparative analysis 

reveals no clearly superior approach to authentication, suggesting that optimal 

frameworks may vary depending upon broader procedural system characteristics 

including adversarial versus inquisitorial structures, jury versus bench trials, and the 

availability and role of court-appointed versus party-retained experts (Damaska, 

1997).  

Chain of custody findings highlight disconnects between forensic best practices 

embodied in technical standards and legal requirements actually enforced by courts in 

admissibility determinations. While ISO/IEC 27037 and NIST guidelines establish 

comprehensive procedures for evidence handling, courts frequently admit digital 

evidence despite significant deviations from technical standards when prosecution 

establishes that evidence appears reliable and defense fails to demonstrate prejudice 

from procedural deficiencies. This flexible judicial approach reflects practical 

recognition that rigid technical requirements may prove unrealistic in fast-moving 

investigations or resource-constrained environments, yet creates risks that inadequate 

evidence handling may go undetected, particularly when defense counsel lack 

technical expertise necessary to identify and challenge forensic deficiencies (Losavio 
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et al., 2006).  

Cloud computing and remote evidence collection present particularly acute 

challenges because traditional chain of custody concepts premised on physical control 

prove difficult to apply when evidence exists across distributed systems operated by 

third parties (Ruan et al., 2011). The EU E-Evidence Regulation attempts to address 

these challenges through production order mechanisms, but provisions authorizing 

direct service on providers regardless of data location generate concerns about 

territorial sovereignty and conflicts between investigative access and data protection 

obligations. Resolution of these tensions likely requires multilateral treaty frameworks 

establishing harmonized standards for evidence access, provider obligations, and 

procedural safeguards, building upon Budapest Convention foundations while 

addressing technological developments that have emerged since its adoption. 

The United States Daubert framework emphasizes scientific methodology 

validation and error rate quantification, potentially excluding expert testimony 

regarding emerging forensic techniques lacking extensive validation studies or 

established error rates. However, strict application of Daubert to digital forensics 

proves challenging because rapidly evolving technologies generate novel investigative 

questions faster than formal validation studies can be conducted, creating tensions 

between ensuring evidence reliability and enabling effective investigation of 

contemporary crimes (Cohen, 2010). European free evaluation approaches provide 

greater judicial flexibility in admitting expert testimony while relying upon 

comprehensive evidence assessment rather than threshold exclusion to address 

reliability concerns. This approach potentially admits broader range of evidence but 

places substantial burdens on fact-finders to assess technical reliability without 

formalized gatekeeping mechanisms excluding demonstrably unreliable 

methodologies (Edmond et al., 2015). 

The emerging challenges identified in this research, including IoT evidence, AI-

generated evidence, and encrypted data, demonstrate that current legal frameworks 

remain incomplete and require ongoing evolution to address technological innovation. 

IoT devices generate continuous data streams that may possess forensic value but raise 

questions regarding sensor reliability, data accuracy, and appropriate authentication 

standards for automated device-generated evidence lacking human authorship (Oriwoh 

& Williams, 2015). Courts have admitted IoT evidence in various cases, but 

comprehensive legal frameworks specifically addressing IoT characteristics remain 

underdeveloped, creating uncertainty and potentially inconsistent application across 

cases (MacDermott et al., 2018).  

Artificial intelligence evidence presents particularly profound challenges 

because neural network opacity may prevent explanation of AI decision-making 

processes sufficient to satisfy confrontation rights, reliability requirements, or expert 

testimony standards mandating that experts explain methodology and reasoning 

underlying opinions (Kroll et al., 2017). Some scholars propose that AI evidence 



 

ISSN: 3060-4575 
 

2025 

Uzbek Journal of Law and Digital Policy | 

Volume: 3, Issue: 6 

90 

should be subject to heightened scrutiny analogous to novel scientific evidence under 

Daubert, while others suggest that AI tools properly validated may be used by experts 

without requiring explanation of internal AI processes provided overall methodology 

remains scientifically sound (Selbst & Barocas, 2018). Resolution of these questions 

requires careful consideration of fairness concerns, reliability requirements, and 

practical investigative necessities, likely necessitating legislative intervention 

establishing frameworks specifically addressing AI evidence rather than relying upon 

analogical application of doctrines developed for fundamentally different evidence 

types (Wachter et al., 2017). 

The comparative legal analysis conducted in this study reveals that 

harmonization of digital evidence standards across jurisdictions remains elusive 

despite broad recognition of its necessity for effective international cooperation in 

cybercrime investigation. The Budapest Convention established important foundations 

but left significant questions regarding authentication, admissibility, and procedural 

safeguards to national implementation, resulting in substantial variation in how 

signatory states address digital evidence challenges. The EU E-Evidence Regulation 

represents more ambitious harmonization effort but faces criticism for potentially 

prioritizing law enforcement efficiency over fundamental rights protection and 

territorial sovereignty principles (Bradford, 2020).  

Future developments may require multilateral treaty negotiations addressing 

digital evidence specifically, building upon Budapest Convention while incorporating 

lessons learned from two decades of experience with international cybercrime 

cooperation (Koops, 2011). Such frameworks should address authentication standards, 

chain of custody requirements for transnational evidence, admissibility criteria 

ensuring reliability while accommodating legitimate jurisdictional variations, and 

robust procedural safeguards protecting privacy, due process, and fair trial rights. 

Additionally, harmonization efforts should incorporate provisions addressing emerging 

technologies including cloud computing, encryption, artificial intelligence, and 

whatever innovations may follow, requiring frameworks capable of flexible evolution 

without necessitating formal treaty amendment for every technological development 

(Reed, 2012). 

The human rights implications of digital evidence practices deserve greater 

attention than existing frameworks provide, particularly regarding tensions between 

investigative access and privacy protection, between evidence admissibility and fair 

trial guarantees, and between law enforcement efficiency and procedural fairness 

(Breyer, 2005). The European Court of Human Rights has addressed these issues 

primarily through privacy analysis under Article 8 ECHR and fair trial analysis under 

Article 6 ECHR, but comprehensive framework integrating human rights protection 

with digital evidence standards remains underdeveloped. Digital forensics necessarily 

involves intrusive access to personal data including communications, location 

information, and behavioral patterns, raising substantial privacy concerns that require 
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robust safeguards including judicial authorization requirements, purpose limitations on 

evidence use, and proportionality assessments balancing investigative needs against 

privacy intrusions. Fair trial considerations require that defendants receive adequate 

opportunities to challenge digital evidence, access to technical expertise necessary for 

effective challenge, and equality of arms ensuring prosecution advantages in technical 

resources do not create insurmountable defense disadvantages.  

Conclusion 

This study has developed comprehensive conceptual and classificatory 

frameworks for digital traces as objects of forensic research, while analyzing 

persistent evidentiary challenges across authentication, chain of custody, and 

admissibility dimensions. Digital traces constitute distinct forensic evidence category 

characterized by intangibility, technical complexity, and unique susceptibility to 

alteration, necessitating specialized frameworks beyond traditional physical evidence 

paradigms. The five-category classification framework proposed in this research 

encompassing persistent stored data, volatile system data, network and transmission 

data, metadata and system logs, and artifacts and traces facilitates systematic forensic 

investigation while aligning with legal evidentiary requirements across diverse 

technological contexts. Comparative legal analysis reveals significant jurisdictional 

variations in authentication standards, chain of custody requirements, and 

admissibility criteria, reflecting different philosophical approaches to balancing 

reliability concerns against practical investigative necessities.  

Chain of custody requirements for digital evidence require specialized 

approaches addressing distributed computing realities, cloud storage architectures, and 

remote evidence collection techniques that complicate traditional custody concepts 

premised on continuous physical control. Technical standards including ISO/IEC 

27037 and NIST SP 800-86 establish forensic best practices, yet legal systems vary in 

whether and how they incorporate these standards into admissibility requirements, 

creating potential gaps between technical capabilities and legal enforcement. 

Admissibility standards across jurisdictions reflect tensions between Daubert-style 

formal reliability assessment and free evidence evaluation approaches relying upon 

judicial discretion, with neither framework proving optimal across all contexts. 

Emerging technologies including IoT devices, artificial intelligence systems, and 

encryption technologies generate novel evidentiary challenges that existing legal 

frameworks inadequately address, necessitating continued legal evolution and 

potentially legislative intervention establishing comprehensive digital evidence 

frameworks. 
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