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Abstract 

In the era of digital transformation, organizations increasingly rely on cloud-based solutions for 

their auditing processes to enhance efficiency, accessibility, and scalability. This research paper 

explores the pivotal role of audit trails and transparency in cloud-based auditing, addressing the 

challenges, benefits, and implications for ensuring robust security and accountability in the ever-

evolving landscape of cloud computing. The paper begins by delving into the fundamental 

concepts of audit trails and transparency in the context of cloud-based auditing. Audit trails serve 

as chronological records of activities, providing a comprehensive view of actions performed within 

the auditing system. Transparency, on the other hand, emphasizes openness and visibility in the 

auditing process, fostering trust among stakeholders. Together, these elements contribute to the 

establishment of a secure and accountable auditing environment. One of the primary challenges in 

cloud-based auditing is the dynamic nature of cloud computing environments. The paper examines 

how the inherent complexities of cloud architectures, such as multi-tenancy and virtualization, can 

pose challenges to maintaining an effective audit trail. Furthermore, the dynamic allocation of 

resources and the use of third-party services demand innovative solutions to ensure the integrity 

and completeness of audit records. To address these challenges, the paper proposes a framework 

that combines advanced cryptographic techniques, secure logging mechanisms, and real-time 

monitoring to strengthen the audit trail in cloud-based environments. Emphasizing the importance 

of encryption and hashing algorithms, the framework aims to safeguard sensitive information 

while maintaining the transparency required for auditing purposes. Additionally, the integration of 

machine learning algorithms for anomaly detection enhances the system's ability to identify and 

respond to irregularities promptly. 
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The research also investigates the benefits of implementing a transparent auditing process in cloud 

environments. Transparency not only enhances trust among stakeholders but also facilitates 

compliance with regulatory requirements. The paper highlights how a well-designed audit trail, 

coupled with transparent auditing practices, can assist organizations in demonstrating compliance 

with industry standards and regulations.  

Furthermore, the implications of audit trail and transparency on the overall security posture of 

cloud-based auditing explored. The research emphasizes the need for collaboration between cloud 

service providers and organizations to establish standardized practices for audit trail generation 

and sharing. This collaborative approach ensures a consistent and interoperable auditing 

framework across diverse cloud environments. 

In conclusion, the research paper underscores the critical role of audit trail and transparency in 

cloud-based auditing. By addressing challenges through innovative frameworks and technologies, 

organizations can harness the benefits of cloud computing without compromising security and 

accountability. As the digital landscape continues to evolve, this research provides valuable 

insights for practitioners, researchers, and policymakers aiming to enhance the integrity of auditing 

processes in the cloud. 

 

Keywords:  Audit Trails, Transparency, Cloud Environments, Cryptographic Techniques, 

Encryption, Hashing Algorithms, Machine Learning (ML) Algorithms, Anomaly Detection. 

 

INTRODUCTION 

Cloud computing refers to the delivery of computing services, including storage, processing 

power, networking, databases, analytics, and software applications, over the internet. Instead of 

relying on local servers or personal devices to handle these functions, cloud computing allows 

users to access and utilize resources. 
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Audit Trail:   

An audit trail is a chronological record of activities or events that provides documentary evidence 

of the sequence of activities that have affected a specific operation, procedure, or event. It applies 

in the context of information systems, databases, and applications to track and document changes 

and interactions. 

Transparency: 

Transparency refers to the openness and visibility in the auditing process, fostering trust among 

stakeholders. In various contexts, transparency implies that information is clear, easily 

understandable, and available to those who have a legitimate interest or right to access it. 

Transparency is a fundamental principle in governance, business practices, and communication. 
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Together, these elements contribute to the establishment of a secure and accountable auditing 

environment. 

I. RESEARCH QUESTION 

What are the challenges and benefits of implementing audit trails and transparency in cloud-based 

auditing?  

 

II. TARGETED AUDIENCE 

IT auditors, Cloud Service Providers, Researchers and Academics, Regulatory bodies and Policy 

makers, Industry Professionals and Practitioners and those who are interested in Cloud-based 

Auditing. 

III. OBJECTIVIES OF THE STUDY 

1. To understand about the fundamental’s concepts of audit trails and transparency in the context of 

cloud-based auditing 

2. To explore the benefits of cloud-based auditing in case of audit trail and transparency 

3. To investigate the challenges and limitations of cloud-based auditing associated with audit trail 

and transparency 

4. To examine how the inherent complexities of cloud architectures, such as multi-tenancy and 

virtualization can pose challenges to maintaining an effective audit trail 

 

IV. RESEARCH METHODOLOGY 

Conceptual Analysis Research Method is used. It involves critically examining and clarifying 

the concepts and ideas underlying a particular phenomenon or topic. 

 

V. DATA COLLECTION METHOD 

Secondary Data collected from published sources, Government Publications, Research Reports, 

Online Databases, Historical records, E-Magazines, E-Journal and websites of Auditing and Cloud 

Computing domains. 

VI. REVIEW OF LITERATURE 
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No Author’s 

Name 

Year          Study Focus of Study Tools Used            

Findings 

1 M. Jensen et 

al. 

2009 On Technical 

Security Issues 

in Cloud 

Computing 

Examined 

security issues 

in cloud 

computing 

including audit 

trail and 

transparency 

Not Specified Identified the 

need for 

improved audit 

trail and 

transparency 

in cloud 

computing to 

enhance 

security. 

2 M.Armburst 

et al, 

2010 A view of cloud 

computing 

Explored the 

challenges and 

opportunities of 

cloud 

computing 

including audit 

trail and 

transparency 

Not Specified Highlighted 

the importance 

of 

transparency 

and 

auditability in 

cloud 

computing to 

ensure trust 

and security 

3 C.Wang et 

al, 

2010 Privacy-

Preserving 

Public 

Auditing for 

Data Storage in 

cloud 

computing 

Data storage 

security in 

cloud 

computing 

Not Specified The study 

addressed the 

Privacy-

Preserving 

Public 

Auditing for 

data storage 
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security in 

cloud 

computing. 

4 M. Zissis 

and 

D.Lekkas 

2012 Addressing 

cloud 

computing 

security issues 

Investigated 

security issues 

in cloud 

computing, 

including the 

role of audit 

trail and 

transparency 

Not Specified Proposed the 

use of 

encryption and 

access control 

mechanisms to 

enhance audit 

trail and 

transparency 

in cloud 

computing 

5 R. Gellman 2013 Privacy in 

Clouds: Risks 

to privacy and 

confidentiality 

from cloud 

computing 

Analyzed 

privacy and 

confidentiality 

risks in cloud 

computing, 

including the 

need for audit 

trail and 

transparency 

Not Specified Emphasized 

the importance 

of audit trail 

and 

transparency 

in cloud 

computing to 

address 

privacy and 

confidentiality 

concerns. 

6 Al-Riabi, 

W., & 

Bouguettaia, 

M 

2018 Towards a 

Comprehensive 

Security and 

Privacy 

Development 

of a framework 

for secure and 

privacy-

Cloud Access 

Control 

Models, 

Privacy 

Proposed a 

framework to 

balance audit 

needs with 
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Framework for 

Cloud Auditing 

preserving 

cloud auditing  

Analysis 

Tools 

data privacy in 

cloud 

environments. 

- Emphasized 

the importance 

of granular 

access control 

and user 

accountability. 

7 Chen and 

Wang 

2018 Cloud-based 

Audit Trails for 

Compliance 

Compliance 

requirements in 

the cloud 

CloudTrail, 

Azure 

Activity Log 

Demonstrated 

Compliance 

with 

Regulatory 

Standards. 

8 Zhu, X., 

Zhu, L., & 

Xu, L.  

2019 

A Generic 

Approach for 

the Automated 

Notarization of 

Cloud Logs for 

Trustworthy 

Auditing 

Design of 

automated log 

notarization 

system for 

trusted cloud 

auditing  

Cloud log 

analysis 

tools, 

Cryptography 

Enabled secure 

and tamper-

proof log 

notarization 

for enhanced 

audit trail trust. 

- Improved 

accountability 

and 

transparency 

in cloud data 

management. 
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9 Johnson and 

Lee 

2019 

Security and 

Transparency 

in Cloud Audits 

Security 

measures for 

cloud auditing 

Custom 

Auditing 

Tool, Azure 

Monitor 

Identified 

vulnerabilities, 

emphasized 

need for 

security. 

10 

Sun, J., 

Dong, X., & 

Yu, J. 

2020 CloudOpSy: 

An Autopsy of 

Data Flows in 

the Cloud  

Visualization 

and analysis of 

data flows in 

cloud systems 

for audit 

purposes 

Data flow 

visualization 

tool, Cloud 

API analysis  

Revealed the 

complexity of 

data 

movement in 

cloud 

environments, 

hindering 

auditability. - 

Proposed tools 

for automated 

data flow 

analysis and 

transparency 

improvement. 

11 

Smith et al. 

2020 Enhancing 

Cloud Auditing 

through 

Blockchain 

Blockchain-

based audit trail 

in clouds  

Blockchain, 

AWS 

(Amazon 

Web Service) 

Cloud Trail 

Improved 

transparency 

and tamper-

proof audit 

logs 

12  Krishnan, 

M., & Ray, 

I.  

2021 Enhancing 

Auditability 

and 

Transparency 

Implementation 

of continuous 

assurance 

framework for 

Continuous 

monitoring 

tools, Cloud 

Service 

- 

Demonstrated 

the feasibility 

of continuous 
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in Cloud-based 

Systems using 

Continuous 

Assurance. 

improved 

auditability and 

transparency in 

cloud  

Provider 

(CSP) logs  

assurance in 

cloud 

environments. 

- Highlighted 

the importance 

of clear data 

ownership and 

access control 

for 

transparency.  

13 Zaidan, A. 

A., Khayyat, 

K., & 

Grieco, N. 

2022 Toward 

Trustworthy 

Cloud 

Computing: A 

Survey on 

Traceability 

Mechanisms 

for Audit Logs  

Analysis of 

traceability 

mechanisms for 

cloud audit logs  

Survey of 

existing log 

traceability 

mechanisms  

- Identified 

limitations of 

current 

traceability 

mechanisms 

(e.g., 

centralization, 

tampering). - 

Emphasized 

the need for 

distributed and 

tamper-proof 

traceability 

solutions.  

14 Xu, L., Sun, 

L., & Zhu, 

W  

2023 A Continuous 

Auditing 

Framework for 

the Cloud 

Design of 

continuous 

auditing 

framework in 

Blockchain, 

Smart 

Contracts  

- Enhanced 

audit 

confidence 

through 
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based on 

Blockchain and 

Smart 

Contracts  

cloud with 

audit trail 

immutability 

and 

transparency  

tamper-proof 

audit trails. - 

Increased 

transparency 

and efficiency 

in cloud 

auditing.  

 

VII. CLOUD-BASED AUDITING 

Cloud-based auditing refers to the process of conducting audits, which are examinations and 

evaluations of financial information, systems, processes, or compliance, using cloud computing 

technologies and services. Traditional auditing involves on-premises systems and manual 

processes, but cloud-based auditing advantages the benefits of cloud infrastructure, software, and 

resources to streamline and enhance the audit process.  

Key aspects of cloud-based auditing include: 

➢ Accessibility: Auditors can access relevant data and applications from anywhere with an internet 

connection. This flexibility is especially useful for global organizations when audit teams are 

distributed. 

➢ Scalability: Cloud platforms offer scalability, allowing auditors to scale resources up or down 

based on the requirements of the audit. This is beneficial for handling large datasets or fluctuating 

workloads. 

➢ Collaboration: Cloud-based auditing facilitates collaboration among audit teams, enabling real-

time sharing of documents, findings, and insights. Multiple auditors can work on the same audit 

concurrently. 

➢ Data Integration: Cloud-based audit tools can integrate with various data sources and systems, 

making it easier to collect and analyse diverse sets of data. This integration enhances the efficiency 

and accuracy of the auditing process. 
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➢ Automation: Cloud-based auditing tools often include automation features, helping auditors 

automate repetitive tasks, such as data collection, validation, and reporting. This can save time and 

reduce the likelihood of human errors. 

➢ Security: Cloud service providers typically invest heavily in security measures to protect data. 

Cloud-based auditing solutions often benefit from the robust security features provided by these 

platforms. 

➢ Cost Efficiency: Cloud-based auditing can offer cost savings compared to traditional on-premises 

solutions. Organizations can leverage pay-as-you-go models, paying only for the resources and 

services they use during the audit. 

➢ Real-time Monitoring: Cloud-based auditing enables real-time monitoring of transactions and 

processes, allowing auditors to identify issues promptly and address them before they escalate. 

Overall, cloud-based auditing enhances the agility, efficiency, and collaboration within the audit 

process while leveraging the capabilities of cloud computing infrastructure. It is particularly 

valuable in today's digital and interconnected business environment where data often distributed 

across various locations and systems.  

In the context of cloud-based auditing, an audit trail and transparency refer to the ability to trace 

and monitor activities, changes, and transactions within a cloud environment. These concepts are 

crucial for ensuring accountability, compliance, and security.  

❖ Audit Trail: 

   - An audit trail is a chronological record of events, actions, or changes that occur in a system, 

application, or network. 

   - In the context of cloud-based auditing, an audit trail captures and logs various activities related 

to data access, modifications, configurations, and user interactions within the cloud infrastructure. 

   - It provides a detailed history of events, enabling auditors to reconstruct the sequence of actions 

that led to a specific state or outcome. 

   - Cloud service providers often implement robust audit trail features to help organizations track 

and monitor activities within their cloud environments.  

❖ Transparency: 
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   - Transparency in cloud-based auditing refers to the openness and clarity of the processes, 

policies, and actions taking place within the cloud infrastructure. 

   - It involves providing visibility into the operations and controls of the cloud environment, 

allowing stakeholders, including auditors, to understand management, assessment and protection 

of data 

   - Transparent cloud services enable organizations and auditors to have a clear understanding of 

the security measures, compliance standards, and data handling practices implemented by the 

cloud service provider. 

   - Transparency is essential for building trust among users, customers, and regulatory authorities. 

It also facilitates effective auditing by providing the necessary information for assessments and 

validations. 

In summary, an audit trail ensures a detailed and traceable record of events within the cloud 

environment, while transparency ensures openness and clarity in the processes and controls 

applied. Both concepts contribute to the overall accountability, security, and compliance of cloud-

based systems, making it easier for auditors to assess and validate the effectiveness of the controls 

in place.  

 

Cloud logging, in the context of cloud computing, refers to the process of collecting, storing, and 

analysing log data generated by applications, services, and infrastructure within a cloud 

environment. Logs are records of events, activities, and system behaviours, and they are crucial 

for monitoring, troubleshooting, security, and compliance. 

Audit logging, also known as audit trail logging, is a practice of recording and storing 

comprehensive records of events and activities within a system, application, or network. The 

primary purpose of audit logging is to create a detailed and chronological trail of actions taken by 

users, applications, or systems. This trail is crucial for various purposes, including security, 

compliance, troubleshooting, and accountability.  
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VIII. BENEFITS OF AUDIT TRAIL AND TRANSPARENCY IN CLOUD-BASED AUDITING 

❖ Real-time Monitoring and Logging: 

  Cloud-based auditing allows for real-time monitoring and logging of activities. This means that 

every transaction, access, or change within the system recorded instantly, providing auditors with 

up-to-the-minute information. This real-time capability enhances the accuracy and reliability of 

audit trails. 

 

❖ Centralized and Scalable Storage: 

 Cloud platforms offer centralized and scalable storage solutions. Auditing data can be stored in a 

centralized location, making it easier for auditors to access and analyse information. The scalability 

of cloud storage ensures that organizations can handle increasing volumes of data without 

worrying about infrastructure limitations. 

❖ Accessibility and Collaboration: 

 Cloud-based audit trails can be accessed from anywhere with an internet connection. This 

accessibility is beneficial for auditors who may need to work remotely or collaborate with team 
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members located in different geographical locations. It facilitates efficient collaboration and 

ensures that audit processes not hindered by physical constraints. 

❖ Automation of Audit Processes: 

 Cloud-based auditing systems often come with automation capabilities. Automated processes help 

in the generation of audit logs, analysis of patterns, and the detection of anomalies. This not only 

saves time but also reduces the likelihood of human errors in the auditing process. 

❖ Enhanced Security Measures: 

  Cloud providers typically implement robust security measures, including encryption, identity and 

access management, and compliance certifications. These security features contribute to the 

protection of audit trail data, ensuring that it remains tamper-proof and only accessible to 

authorized personnel. 

❖ Cost Efficiency: 

 Cloud-based solutions eliminate the need for organizations to invest in and maintain their own 

infrastructure for audit trail storage. This results in cost savings as cloud services operate on a pay-

as-you-go model, where organizations only pay for the resources, they consume. 

❖ Audit Trail Integrity and Immutability: 

 Cloud platforms often provide features like write-once-read-many (WORM) storage and 

cryptographic hashing to ensure the integrity and immutability of audit trail data. These features 

make it difficult for unauthorized parties to alter or delete audit logs, thereby enhancing the 

credibility of the audit trail. 

 

❖ Comprehensive Reporting: 

  Cloud-based auditing systems often offer advanced reporting capabilities. Auditors can generate 

comprehensive reports with ease, combining data from various sources for a holistic view of the 

organization's activities. This aids in compliance reporting and decision-making processes. 

❖ Regulatory Compliance: 

 Many industries have strict regulatory requirements regarding data security and auditing. Cloud 

providers often invest heavily in meeting and maintaining compliance certifications. By leveraging 



  

Edumania-An International Multidisciplinary Journal    
 

@2024 International Council for Education Research and Training 2024, Vol. 02, Issue 02, 118-145 
ISSN: 2960-0006  DOI: https: https://doi.org/10.59231/edumania/9042 
 

Ganapathy, V.  132 

 

cloud-based auditing, organizations can align with these standards more easily and demonstrate 

their commitment to compliance. 

❖ Disaster Recovery and Redundancy: 

 Cloud platforms offer robust disaster recovery and redundancy options. In case of unexpected 

events, such as hardware failures or natural disasters, audit trail data securely backed up and 

quickly restored. This ensures continuity in audit processes and helps maintain transparency even 

in challenging circumstances. 

In conclusion, cloud-based auditing significantly enhances the efficiency, security, and 

transparency of audit trail processes, offering a range of benefits for organizations seeking to 

maintain robust governance and compliance standards.  

X. LIMITATION OF DYNAMIC NATURE OF CLOUD COMPUTING ENVIRONMENTS 

IN AUDIT TRAIL AND TRANSPARENCY 

Cloud computing environments are inherently dynamic, meaning that they constantly evolve and 

change based on various factors such as user demands, resource availability, and system 

configurations. This dynamic nature poses several challenges to auditing processes in cloud-based 

environments: 

➢ Resource Provisioning and De-provisioning: In cloud computing, resources are provisioned and 

de-provisioned dynamically based on demand. Virtual machines (VMs), containers, and other 

resources spun up or shut down rapidly. This dynamic provisioning makes it challenging auditors 

to keep track of the resources in use at any given time, leading to potential discrepancies between 

the resources audited and the actual resources in use. 

➢ Elasticity and Scalability: Cloud environments designed to be elastic and scalable, allowing 

resources automatically adjust to workload fluctuations. While this flexibility is beneficial for 

meeting performance requirements, it complicates auditing processes. Auditors need to ensure that 

the audit scope accommodates these changes in resource usage and capacity. 

➢ Multi-tenancy: Cloud computing often involves multi-tenancy, where multiple users or tenants 

share the same physical infrastructure. This shared environment introduces complexities in 
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auditing, as auditors need to ensure that proper isolation mechanisms are in place to prevent 

unauthorized access to sensitive data or resources. 

➢ Service Models and Configurations: Cloud services can be deployed using various service 

models such as Infrastructure as a Service (IaaS), Platform as a Service (PaaS), or Software as a 

Service (SaaS). Each service model has its own configuration settings and security controls, 

making it challenging auditors to maintain consistency and verify compliance across different 

service models. 

➢ Dynamic Network Configurations: Cloud environments often employ dynamic network 

configurations such as virtual networks and load balancers to optimize performance and reliability. 

Auditors must ensure that network configurations comply with security policies and do not 

introduce vulnerabilities or misconfigurations that could compromise the integrity of the system. 

➢ Data Movement and Storage: Data in cloud environments distributed across multiple geographic 

locations and storage services. Auditors need to track data movement and storage to ensure 

compliance with data protection regulations and security policies, which can be challenging in 

dynamic environments where data replicated or moved frequently. 

➢ Continuous Updates and Changes: Cloud service providers regularly update their platforms with 

new features, security patches, and performance improvements. Auditors must continuously 

monitor these updates to ensure that they do not introduce vulnerabilities or compliance issues into 

the environment. 

To address these challenges, auditors can adopt various strategies and technologies: 

❖ Continuous Monitoring: Implementing continuous monitoring tools and processes to track 

changes in the cloud environment in real-time. 

❖ Automated Auditing Tools: Leveraging automated auditing tools that can adapt to the dynamic 

nature of cloud environments and provide timely insights into compliance and security posture. 

❖ Risk-based Approach: Prioritizing auditing efforts based on risk assessments and focusing on 

critical areas that are most susceptible to security threats or compliance violations. 

❖ Cloud-native Security Controls: Implementing cloud-native security controls and best practices 

to ensure compliance and mitigate security risks in dynamic environments. 
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❖ Regular Audits and Reviews: Conducting regular audits and reviews of cloud configurations, 

policies, and procedures to identify and address any discrepancies or non-compliance issues 

proactively. 

By addressing these challenges and implementing appropriate auditing practices, organizations 

can effectively manage the dynamic nature of cloud computing environments while maintaining 

compliance and security.   

Advanced Cryptographic Techniques and Secure Logging Mechanisms: 

Advanced cryptographic techniques and secure logging mechanisms play crucial roles in 

addressing the challenges posed by the dynamic nature of cloud computing environments by 

providing robust security and accountability measures.  

▪ Data Confidentiality and Integrity: Cryptographic techniques such as encryption help ensure the 

confidentiality and integrity of data in transit and at rest within the cloud environment. By 

encrypting sensitive data, even if resources dynamically provisioned or de-provisioned the data 

remains protected from unauthorized access or tampering. 

▪ Key Management: Advanced cryptographic systems also include robust key management 

mechanisms. These mechanisms ensure that encryption keys are securely generated, stored, and 

rotated. In dynamic cloud environments, where resources come and go, proper key management 

ensures that access to encrypted data remains controlled, even as the environment changes. 

▪ Secure Authentication and Access Control: Cryptographic techniques, including digital 

signatures and authentication protocols, help establish secure identity verification mechanisms. By 

ensuring that only authorized users and services can access cloud resources, these techniques 

mitigate the risk of unauthorized access in dynamic environments? 

▪ Secure Logging and Auditing: Secure logging mechanisms play a critical role in providing 

accountability and traceability in cloud environments. By logging important events, actions, and 

access attempts, secure logging mechanisms enable auditors to track changes and activities even 

in dynamic environments. These logs can provide insights into resource provisioning, access 

patterns, and security incidents. 
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▪ Immutable Audit Trails: Advanced cryptographic techniques used to create immutable audit 

trails by applying cryptographic hashing and digital signatures to log entries. This ensures that 

once a log entry recorded modification not possible or tampered with retroactively. Immutable 

audit trails provide assurance that audit records remain trustworthy and tamper-evident, even in 

dynamic cloud environments. 

▪ Real-time Monitoring and Analysis: Secure logging mechanisms often include real-time 

monitoring and analysis capabilities. By continuously monitoring log data for suspicious activities 

or anomalies, organizations can detect security incidents and compliance violations promptly, even 

in highly dynamic cloud environments. 

▪ Compliance and Regulatory Requirements: Advanced cryptographic techniques and secure 

logging mechanisms help organizations meet compliance and regulatory requirements related to 

data protection, privacy, and security. By providing strong security controls and audit trails, these 

mechanisms facilitate compliance audits and demonstrate adherence to regulatory standards. 

 

XI. LIMITATIONS OF AUDIT TRAIL AND TRANSPARENCY IN CLOUD-BASED 

AUDITING 

Cloud-based auditing offers many benefits, including scalability, accessibility, and cost-

effectiveness. However, it also presents several limitations regarding audit trail and transparency, 

which are crucial aspects of any auditing process.  

➢ Limited Visibility and Control: One of the primary challenges in cloud-based auditing is the 

limited visibility and control organizations have over the underlying infrastructure. In traditional 

on-premises environments, organizations have direct control over their hardware, software, and 

network configurations, allowing them to implement comprehensive auditing mechanisms. 

However, in cloud environments, the cloud service provider (CSP) manages the infrastructure, and 

organizations may not have the same level of visibility into the underlying systems. This lack of 

control can make it challenging to implement and maintain robust audit trails. 

➢ Dependency on CSP's Tools and Logs: Cloud service providers typically offer their own auditing 

tools and logs, which may not always meet the specific needs of organizations. While CSPs often 
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provide logs for activities such as user access, resource provisioning, and network traffic, the 

format and granularity of these logs may not be customizable to the extent required by 

organizations. Additionally, organizations may face challenges in integrating CSP-provided logs 

with their existing auditing systems or third-party tools, leading to gaps or inconsistencies in the 

audit trail. 

➢ Data Sovereignty and Compliance Concerns: Cloud-based auditing may involve storing audit 

logs and sensitive data in geographically distributed data centres, which can raise concerns about 

data sovereignty and compliance with regulations such as GDPR (General Data Protection 

Regulation) or HIPAA (Health Insurance Portability and Accountability Act). Organizations 

need to ensure that their audit trails comply with relevant data protection and privacy regulations, 

which may require implementing additional encryption, access controls, or data residency 

measures. However, achieving compliance across multiple jurisdictions with varying legal 

requirements can be complex and resource-intensive. 

➢ Insider Threats and Malicious Activities: Insider threats, where authorized users misuse their 

privileges to access or tamper with audit logs, pose a significant risk in cloud-based auditing. Cloud 

environments involve multiple parties, including the CSP, third-party vendors, and internal users, 

increasing the attack surface and the potential for insider threats. Organizations need to implement 

robust access controls, monitoring mechanisms, and anomaly detection systems to detect and 

prevent unauthorized access or tampering with audit trails. However, detecting insider threats can 

be challenging, particularly in large-scale cloud environments with a high volume of user activities 

and log data. 

➢ Integration Challenges and Interoperability: Integrating cloud-based auditing with existing on-

premises systems, third-party applications, or regulatory compliance frameworks can be complex 

and time-consuming. Organizations may face challenges in standardizing audit formats, protocols, 

or interfaces across heterogeneous environments, leading to interoperability issues and gaps in the 

audit trail. Additionally, integrating cloud-based auditing with legacy systems or custom 

applications may require extensive customization and development efforts, further complicating 

the auditing process. 
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XII. ENCRYPTION, HASING ALGORITHMS AND MACHINE LEARNING (ML) 

ALGORITHMS 

Encryption and hashing algorithms are crucial components in ensuring transparency in cloud-

based auditing due to their roles in preserving data integrity, confidentiality, authentication, and 

non-repudiation.  

▪ Data Confidentiality 

   Importance: Encryption ensures that data remains confidential during transmission and storage 

in the cloud. Without encryption, sensitive information intercepted or accessed by unauthorized 

parties, compromising the integrity of audit trails and sensitive data. 

  Example: Encrypting files before uploading them to a cloud storage service using algorithms 

such as AES (Advanced Encryption Standard) or RSA (Rivest-Shamir-Adleman) ensures that only 

authorized parties with the decryption keys can access the data. 

▪ Data Integrity 

Importance: Hashing algorithms used to verify the integrity of data by generating unique hash 

values for each file or piece of data. Any alteration to the data will result in a different hash value, 

allowing auditors to detect tampering or unauthorized changes. 

  Example: Storing hash values of files in a blockchain ledger ensures data integrity. Each time a 

file is accessed or modified; its hash value recalculated and compared to the hash value stored in 

the blockchain, enabling auditors to verify the integrity of the data. 

▪ Authentication 

 Importance: Encryption and hashing are essential for authentication mechanisms, ensuring that 

only authorized users can access cloud resources and preventing unauthorized access to sensitive 

data. 

  Example: Password hashing commonly used for user authentication. Instead of storing plaintext 

passwords, a hashed version of the password is stored in the database. When a user attempts to log 

in, the entered password had hashed and compared to the stored hash value, allowing the system 

to authenticate the user without storing their actual password. 

▪ Non-Repudiation: 
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 Importance: Encryption and hashing provide non-repudiation capabilities, ensuring that actions 

taken by users within the cloud environment denied later. This helps establish accountability and 

trust in audit trails. 

   Example: Encrypting audit logs and digitally signing them, using asymmetric cryptography 

ensures that audit records not altered or manipulated without detection. This provides evidence of 

actions taken by users and prevents them from denying their involvement in specific activities. 

▪ Compliance and Regulation: 

   Importance: Many industries have strict compliance and regulatory requirements regarding data 

security and privacy. Encryption and hashing help organizations meet these requirements by 

protecting sensitive data and demonstrating compliance with regulations. 

   Example: Healthcare organizations subject to HIPAA regulations encrypt patient data stored in 

the cloud to ensure confidentiality and comply with HIPAA requirements for protecting patient 

information.  
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Machine learning algorithms increasingly employed for anomaly detection in audit trails and 

transparency in cloud-based auditing due to their ability to analyse large volumes of data and 

identify patterns that may indicate suspicious or unusual behaviour.  

(A) Data Collection and Preprocessing: Audit trails in cloud-based systems generate vast 

amounts of data, including user activities, system events, and network traffic. Machine learning 

algorithms used to collect, aggregate, and preprocess this data from various sources to prepare it 

for analysis. 

(B) Feature Engineering: Once the data is collected, feature engineering performed to extract 

relevant features that can help in detecting anomalies. This may involve transforming raw data into 

meaningful features such as user activity frequency, access patterns, login times, data transfer 

volumes, etc. 

(C) Model Training: ML models, such as supervised, unsupervised, or semi-supervised 

algorithms trained on historical audit data to learn normal behaviour patterns. Supervised methods 

require labelled data where anomalies explicitly identified, whereas unsupervised methods learn 

normal patterns without labelled data. Semi-supervised methods combine both approaches. 

(D) Anomaly Detection: After the model is trained, it is deployed to detect anomalies in real-time 

or near real-time. Anomalies can manifest as deviations from established patterns, such as unusual 

access patterns, unexpected data transfers, unauthorized login attempts, or abnormal resource 

usage. Machine learning algorithms can identify these anomalies by comparing current behaviour 

against learned patterns. 

(E)  Alerting and Response: When anomalies are detected, alert mechanisms triggered to notify 

administrators or security personnel. Depending on the severity and nature of the anomaly, 

automated responses or manual interventions may initiated to mitigate risks and investigate further. 

(F)  Continuous Improvement: As new data becomes available, ML models retrained 

periodically to adapt to evolving patterns and ensure continued effectiveness in detecting 

anomalies. Continuous monitoring and feedback loops help refine models over time and improve 

detection accuracy. 
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Common machine learning techniques used for anomaly detection in cloud-based auditing 

include: 

- Supervised Learning: Support Vector Machines (SVM), Random Forests, and Neural Networks 

used with labelled data to classify events as normal or anomalous based on predefined criteria. 

- Unsupervised Learning: Clustering algorithms like K-means or Density-Based Spatial Clustering 

of Applications with Noise (DBSCAN) can identify clusters of data points that deviate from the 

norm, indicating potential anomalies. 

- Semi-supervised Learning: Anomaly detection techniques like One-Class SVM or Autoencoders 

employed, where the trained model on normal instances only but can detect deviations as 

anomalies. 

- Time Series Analysis: Techniques such as Seasonal Hybrid ESD (Extreme Studentized Deviate) 

or Prophet used to analyse temporal patterns in audit data and identify anomalies based on unusual 

fluctuations over time. 

By leveraging machine learning algorithms for anomaly detection, cloud-based auditing systems 

can enhance transparency, improve security, and enable timely responses to potential threats or 

breaches. 

XIII. KEY FINDINGS 

➢ Data Access and Authentication: Audit trails in cloud-based auditing focus on tracking who 

accessed what data and when. Transparency in this context means ensuring that access to sensitive 

data is appropriately authenticated and logged. Key findings might include instances of 

unauthorized access, gaps in authentication procedures, or weaknesses in access controls. 

➢ Data Integrity: Cloud-based auditing involves verifying that data remains unchanged and reliable 

over time. Audit trails should document any alterations to data, ensuring its integrity. Transparency 

in data integrity means being able to demonstrate the immutability of data and the processes in 

place to maintain it. Findings might include instances of data tampering, discrepancies between 

records, or vulnerabilities in data storage. 

➢ Compliance and Regulatory Requirements: Audit trails play a crucial role in demonstrating 

compliance with industry regulations and standards. Transparency involves providing clear 



  

Edumania-An International Multidisciplinary Journal    
 

@2024 International Council for Education Research and Training 2024, Vol. 02, Issue 02, 118-145 
ISSN: 2960-0006  DOI: https: https://doi.org/10.59231/edumania/9042 
 

Ganapathy, V.  141 

 

documentation of adherence to these requirements. Findings might include failures to meet 

regulatory standards, gaps in compliance procedures, or inconsistencies in reporting practices. 

➢ Monitoring and Reporting System:  Effective audit trails enable continuous monitoring of 

system activities and the generation of comprehensive reports. Transparency in monitoring and 

reporting means providing stakeholders with visibility into audit processes and outcomes. Findings 

might include deficiencies in monitoring capabilities, inadequate reporting mechanisms, or delays 

in identifying and addressing issues. 

➢ Risk Management: Audit trails contribute to risk management by identifying potential security 

threats, vulnerabilities, and compliance risks. Transparency involves communicating these risks to 

relevant stakeholders and implementing measures to mitigate them. Findings might include gaps 

in risk assessment processes, inadequate risk mitigation strategies, or failures to address identified 

risks. 

➢ Incident Response: Audit trails are essential for investigating security incidents and breaches in 

cloud-based environments. Transparency in incident response means promptly identifying and 

addressing security incidents, as well as communicating outcomes and remediation efforts to 

affected parties. Findings might include delays in incident detection and response, shortcomings 

in incident handling procedures, or weaknesses in communication protocols.  

XIV. RECOMMENDATIONS 

❖ Comprehensive Logging: Implement detailed logging mechanisms at various levels of your cloud 

infrastructure, including access logs, API logs, system logs, and application logs. Ensure these logs 

capture relevant information such as user activities, system changes, and data access. 

❖ Centralized Log Management: Use centralized log management tools and platforms to 

aggregate, store, and analyse logs from different cloud services and resources. This helps in 

efficient monitoring, analysis, and auditing of activities across your cloud environment. 

❖ Immutable Audit Trail: Ensure the integrity of audit logs by implementing techniques such as 

cryptographic hashing and digital signatures. Immutable audit trails prevent tampering and provide 

assurance of the authenticity of log data. 
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❖  Access Controls and Permissions: Implement granular access controls and permissions to 

restrict access to sensitive resources and data. Ensure that only authorized personnel have access 

to audit logs and monitoring tools. 

❖ Real-time Monitoring: Utilize real-time monitoring and alerting mechanisms to promptly detect 

and respond to suspicious activities or security incidents. Automated alerts can notify 

administrators about unauthorized access attempts or unusual behaviour. 

❖ Regular Auditing and Review: Conduct regular audits of your cloud infrastructure and audit logs 

to identify any anomalies, compliance violations, or security gaps. Establish a process for 

reviewing audit findings and taking appropriate corrective actions. 

❖ Encryption and Data Protection: Encrypt sensitive data both in transit and at rest to protect it 

from unauthorized access. Utilize encryption keys and access controls to manage and enforce data 

protection policies effectively. 

❖ Compliance Standards Adherence: Ensure that your cloud auditing practices align with relevant 

compliance standards and regulations applicable to your industry, such as GDPR, HIPAA, or SOC 

2. Regularly assess and update your auditing processes to maintain compliance. 

❖ Documentation and Transparency: Maintain comprehensive documentation of your cloud 

auditing processes, including the types of logs collected, retention policies, and access controls. 

Foster a culture of transparency by providing stakeholders with visibility into auditing practices 

and procedures. 

❖ Continuous Improvement: Continuously evaluate and enhance your cloud auditing capabilities 

based on emerging threats, evolving compliance requirements, and lessons learned from past 

incidents. Regularly review and update your audit trail practices to stay ahead of potential risks. 

By implementing these recommendations, organizations can establish a robust framework for 

efficient and transparent audit trails in cloud-based auditing, enhancing security, compliance, and 

overall operational resilience. 

XV. FUTURE RESEARCH 

➢ Enhanced Data Protection Mechanisms: With the increasing volume and sensitivity of data 

stored in the cloud, future research will explore advanced data protection mechanisms to ensure 
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the confidentiality, integrity, and availability of audit trail data. This may involve the development 

of innovative encryption techniques, access control mechanisms, and secure logging protocols 

tailored to cloud environments. 

➢ Scalable and Efficient Audit Log Management: As cloud-based systems continue to scale in 

size and complexity, there is a growing need for scalable and efficient audit- log management 

solutions. Future research will investigate techniques for optimizing the collection, storage, and 

analysis of audit logs to accommodate large-scale cloud deployments while minimizing resource 

overhead and performance impact. 

➢ Automated Auditing and Compliance Assurance: Automation will play a significant role in 

streamlining auditing processes and ensuring continuous compliance with regulatory requirements 

and security best practices. Future research will focus on the development of automated auditing 

tools and techniques that leverage machine learning, artificial intelligence, and natural language 

processing to analyse audit trails, detect anomalies, and generate actionable insights for auditors 

and stakeholders. 

➢ Transparent Accountability Mechanisms: Transparency and accountability are essential for 

fostering trust and accountability in cloud-based auditing. Future research will explore novel 

accountability mechanisms and transparency-enhancing technologies, such as distributed ledger 

technology (e.g., blockchain), cryptographic proofs, and verifiable computing, to enable 

stakeholders independently verify the integrity and authenticity of audit trail data. 

➢ Adaptive Risk Management Strategies: Traditional audit approaches often rely on predefined 

rules and thresholds for identifying security risks and compliance violations. Future research will 

focus on developing adaptive risk management strategies that can dynamically adjust audit 

parameters and thresholds based on contextual factors, such as workload patterns, user behaviour, 

and threat intelligence, to provide more accurate and timely risk assessments in cloud 

environments. 

➢ Cross-Cloud Auditing and Federation: As organizations increasingly adopt multi-cloud and 

hybrid cloud architectures, future research will explore cross-cloud auditing and federation models 

that enable seamless auditing across heterogeneous cloud environments. It involves the 
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development of standardized audit log formats, interoperability protocols, and federated trust 

frameworks to facilitate the exchange of audit trail data and ensure consistent auditing practices 

across different cloud platforms and service providers. 

➢ Privacy-Preserving Audit Trail Analysis: Protecting the privacy of sensitive audit trail data 

while enabling meaningful analysis and auditing is a critical challenge in cloud-based 

environments. Future research will investigate privacy- preserving in audit- trail analysis 

techniques. Such as secure multi-party computation, homomorphic encryption, and differential 

privacy, to enable auditors to extract valuable insights from audit logs without compromising the 

confidentiality of sensitive information. 

➢ User-Centric Auditing Interfaces and Decision Support: Designing user-centric auditing 

interfaces and decision support tools will be essential for empowering stakeholders to effectively 

monitor and manage audit trail data in cloud environments. Future research will focus on 

developing intuitive and customizable auditing dashboards, visualization tools, and interactive 

analytics platforms that enable stakeholders to explore audit trail data, identify trends and patterns, 

and make informed decisions related to security, compliance, and risk management. 

XVI. CONCLUSION 

In conclusion, the integration of audit trails and transparency within cloud-based auditing systems 

represents a significant advancement in ensuring accountability, integrity, and security in financial 

processes. By meticulously documenting every transaction and activity, audit trails provide a 

comprehensive record that enhances transparency, facilitates regulatory compliance, and enables 

efficient investigation in case of anomalies. Furthermore, the real-time accessibility and scalability 

offered by cloud-based auditing platforms bolster the effectiveness and reliability of these systems. 

Embracing these technologies not only promotes trust between stakeholders but also reinforces the 

foundation of a robust financial ecosystem in the digital age. As organizations continue to navigate 

complex regulatory landscapes and evolving technological landscapes, prioritizing the 

implementation of robust audit trail mechanisms and transparent practices within cloud-based 

auditing systems will remain essential for safeguarding assets and maintaining stakeholder 

confidence. 
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