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Annotation

In the modern data-driven business world, Business Intelligence (BI) systems in cloud-management
environments facilitate real-time decision making, scalable intelligence, and multi-user sharing of
data. Bl Cloud-based systems have transformed data business through scalable on demand access to
analytics and decision-support tools. Organizational agility by democratizing data access in
departments, yet pose a huge risk in terms of data security, data privacy and regulatory compliance.
With rising business use of cloud Bl platforms, the competing needs of maximum data access and
highly secure systems are becoming an essential issue. This study examines this balance by examining
real world security breach episodes with the Security Breach dataset that contains rich records of 173
security breaches in several firms and industries. The paper focuses on types of breach, points of
origination of data, participation of third-party business associates and magnitude of compromised
information. It is worth noting that the most common breaches identified effortlessly deal with
breaches on network servers and portable gadgets and that external business associates make up a
large percentage of these breaches. This paper shows via pattern recognition and descriptive
analytics how simple cloud-based Bl attacks with access controls failing, inadequately encrypted
information and the absence of constant observation endangers the cloud-based Bl setting through a
typical variety of errors and mishaps. It also points out the trade-offs that organizations must make
including empowering self-service analytics or ensuring stringent access-restrictions. The analysis
provides a model that incorporates Zero Trust Architecture, Role and Attribute-Based Access Control,
encryption standards and third-party control, to assist companies secure their Business Intelligence
infrastructure in a way that is non-detrimental to the valid information flow. This study gives practical
guidance to IT executives, security architectures, and data governance experts who want to ensure a
fine balance between accessibility and security in cloud Bl systems. The results stress the role of a
multi-tier, policy-based solution to safeguard sensitive business information and keep the benefits of
real-time cloud analytics.

Keywords: Business intelligence on the Cloud, Data Accessibility, Information Security, Security
Breaches, Access Control Mechanisms and Zero Trust Framework.
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1. Introduction
1.1 Background of Cloud-based Bl Systems

In the digital transformation age, the field of Business Intelligence (BI) systems has evolved to
offer cloud-based solutions that provide modern businesses with the ability to extract real-time
insights to act on the huge amounts of available data. These products come as Microsoft Power
Bl, Tableau Online, and Google Looker, and use the cloud to provide analytics and reporting
features virtually, exploiting cloud variations in terms of their scale, flexibility, and efficiency [1].
Cloud-based Bl enables users to access dashboards, reports, and datasets through any device
connected to the home network, which is not the case of a traditional on-premises Bl tool that
means that working in a remote and distributed environment is not an obstacle to making data-
based decisions and empowering the remote working team. Increased usage of these platforms in
businesses is attributed to lower cost of infrastructure maintenance, rapid deployment, and
integration of various data sources at the same platform. Cloud BI systems provide collaboration
and self-service analytics, so non-technical users will be able to analyze data on their own and
find new insights without requesting any IT departments [2]. These Bl platforms have APIs and
connectors to a wide range of cloud services, ERP systems and databases and can process and
visualize both structured and unstructured data to support strategic business initiatives including
forecasting, customer segmentation, and operational efficiency analysis. But the more the data
accessed using cloud BI in terms of volume and type of data, the more the complexities that
accompany it on its handling and safety. Data governance, identity management, role-based
access, and third-party integrations are some of the things that take another significant role in the
security of sensitive information. Although the agility and innovation potential of cloud-based Bl
systems are not refuted, the fact that such systems are highly cloud-dependent in a certain sense
creates a new set of dangers, the active fight with which organizations should engage [3].
Consequently, organizations need to consider the architecture on which the Bl environment is laid
down, flow of data, access policies and relevant security procedures, to make the appropriate
tradeoffs of usability and security of the data.

1.2 Data Accessibility and Security Significance

The accessibility and the security of data are two inherent cornerstones of any successful cloud-
based BI environment and balancing the two can make or break the ability of the enterprise to
continue operating, securing the data [4]. On the one hand, data availability is the key requirement
to empower decision-makers, cross-functional collaboration, and a data-driven culture of
innovation. The ability to easily and swiftly distribute data to their firms that is relevant to the
employees working across different departments in a firm will make employees quick to respond
to the market trends, thereby optimizing the internal operations of a firm and enhancing the
experiences of the customers [5]. Real-time access to analyses enables organizations to take action
on insight fast, and compete in a rapidly changing environment. Conversely, more accessibility
also inevitably leads to more serious consequences, such as the possibility of unauthorized entry
into the system, information disclosure, and non-compliance with regulations, multi-tenant cloud
systems [6]. Weakly set authorizations, absence of encryption, weak identity and access control
may leave organizations to cyberattacks, malicious insiders or inadvertent data leakage. With the
increasingly strict laws to regulate data including GDPR, HIPAA, and CCPA, among others, the
risks of noncompliance with securing the available information are even higher as they might lead
to lawsuits and a ruined reputation. Consequently, organizations need to adopt a two-pronged
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approach that can only grant access to data to the authorized users but keeps the performance and
usability. Role-Based Access Control (RBAC), Attribute-Based Access Control (ABAC), multi-
factor authentication (MFA), and end-to-end encryption, are technologies that can be used in
secure cloud Bl without handicapping the end-user experience. It is not only a matter of technical
task but rather a matter of governance and culture to find the right balance between accessibility
and security, as it involves consistency across IT, compliance, and business functions. The result
of such a balance between resources is an increase of trust, accountability, and resilience, in short
major attributes of a mature data-driven enterprise in a cloud-first world.

1.3 Problem Statement

With the implementation of cloud-based Business Intelligence systems becoming more prominent
in organizations to achieve intuitiveness in accessing and analyzing data it becomes increasingly
more difficult to safeguard data achieving regulatory compliance. The same features that are so
appealing to cloud BI platforms, ubiquitous access, multiple system integration, sharing real-time
data are also the ones that create a security layer that should be taken care of, lest it results in
extremely damaging data leaks [6]. Most enterprises have a hard time applying security systems to
guard their data without limiting the efficiency of users. Thus, this study will explore potential
strategies that companies can use to successfully achieve balancing data availability and
protection in the cloud computing Bl settings, referencing actual data breach attacks.

1.4 Research Objectives

This study is expected to accomplish the following to offer potent, countable guidelines in dealing
with the issue of accessibility-security tradeoff in cloud Bl systems:

» To analyze the main characteristics of cloud-based Business Intelligence systems which
encourage data availability within organizations.

» To determine typical data security threats and type of breaches to cloud Bl systems based on
empirical information.

» To examine the correlation between third- party access and security weakness in Bl platforms
[71.
> In order to assess the current access control and encryption practices used in clouds BI.

» To suggest a structure which will help organizations to protect their Bl data without affecting
its accessibility.

> In order to propose optimal practices and technological treatments to avoid the risks of data
breaches and perform Bl operations with high levels.

1.5 Research Questions
These questions of this study are followed by the mention below:

1. What strategies are established to assist organizations in striking a balance between the
necessity to render data to a wide audience and the necessity to ensure data security in cloud-
based Bl environments?

2. Which kind of security breaches are most popular within a cloud Bl environment and what
are the causes of those breaches?

3. What structures and technologies can protect the organizations access without verifying the
functionality of the BI systems?
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1.6 Significance of the Study

The proposed study is important as it considers a vital problem in the business community of
contemporary data-driven business: the process of coping with the trade-offs that are inherent to
the Business Intelligence systems stored in the cloud with concerns to accessibility and security
[8]. As businesses attempt to transform into more agile and customer-focused entities, they are
turning, to an ever-larger extent, toward Bl platforms to discover the value of large amounts of
data. the adoption of cloud computing, in addition to providing superior access and affordability,
opens sensitive organizational information to the ever-changed cyber threats, misconfiguration,
and regulatory risks. Gathering knowledge on the ways in which breaches are made through the
real-world experience, being aware of the vulnerabilities of Bl systems allow organizations to
make sound decisions concerning their data governance strategies [9]. Using the database of the
Security Breach dataset, this paper provides evidence-based analysis of real-life cases that can act
as a source of advice to enhance the security architecture. The framework and recommendations
suggested should assist businesses in ensuring a healthy security posture but at the same time, take
full advantage of real-time, cloud analytics [10]. This study brings benefits to academic literature
by closing the gap between the technical implementation and organizational practice thus
providing a comprehensive point of view on the accessibility-security dilemma. Its results are
useful to IT leaders, and security professionals, compliance officers and business analysts that are
involved with deploying cloud BI tools, or managing cloud Bl tools in a secure and compliant
manner.

2. Literature Review

The Business Intelligence (Bl) systems on the cloud base of business organizations have
transformed the way organizations gather, analyze, and access information to make decisions. As
much as they can enhance data access and responsiveness of operations, these platforms also pose
various security risks [11]. The paper on cloud Bl in this literature review investigates central
themes of cloud BI regarding architecture, advantages, its security weaknesses, regulatory
oversights, access control measures, and vulnerabilities [12]. The focus is made to comprehend
the interrelation between security and accessibility in clouds. It defines the framework to evaluate
how the organizations can protect Bl systems without jeopardizing its data utility by recognizing
common patterns of technology and practice.

2.1 Cloud-based business intelligence systems

Cloud-based Business Intelligence (BI) systems are computer systems installed in cloud
architecture that allows business to collect, examine, and visualize data of all kinds of sources. As
opposed to on-premises Bl systems, cloud Bl systems provide elasticity, reduce the cost of
operation, and are more accessible [13]. They enable people to access real-time data in different
locations, departments in different devices hence they are best suited in organizations that have
geocentric workforces. Companies can easily incorporate databases, cloud applications, APIs and
spreadsheets through minimum set up and maintenance to make actionable insights. Most of these
platforms usually implement sophisticated features like data modeling, integration of machine
learning, predictive analytics, and natural language query [14]. With the adoption of digitalization
within organizations, cloud Bl has been critical when it comes to informed decision-making,
operational efficiency, and planning. The use of third-party servers and access via the internet,
however, creates an issue of data governance, vendor lockup, and availability. The increasing
embrace of self-service B, in which business people directly access and process data themselves,
adds yet more pressure on the necessity of effective access control measures. Collaboration with
shared dashboards, report publishing and embedded analytics, which enhance agility, is also
possible with modern BI systems, albeit with a reduced level of data exposure protection [15].
With the increased volume, speed and diversity of the business data, the cloud Bl systems are
playing a vital role in squeezing business intelligence out of raw data. Their reliance on cloud
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services presents the need for the clearly defined frameworks of security, access control, and
compliance so that the data is not misused or lost [16]. It is important to know the working
mechanism of these systems and the weak points so that they can be implemented.

2.2 Accessibility of data and business productivity

Bl systems facilitate access to data in cloud environments, which is critical in improving the
business performance and responsiveness to strategy. Employees are also able to make quick and
more informed decisions when the corresponding data is easily accessible to them and this
enhances speed, productivity, and innovation [17]. The cloud-based business intelligence systems
are accessible by using the browser, mobile applications, and real-time streaming to give the user
access to real-time analytics wherever they are. Such access is especially important in the modern
decentralized and partially distributed working environment where it would be inconvenient to
wait on a decision-making process [18]. Self-service analytics, Self-service analytics can also
benefit greatly from high data accessibility, as it allows the more casual users to browse data on
their own, with less demand of IT teams and a faster rate of insight creation. But with more open
and decentralized access brings more risks along themselves. Uncontrolled access to sensitive data
sets may provide basis towards violation of compliance, leakages to intruders or misuse within the
organization [19]. Although accessibility increases operational flexibility, it requires a close
governance and technology oversight to guarantee that information is utilized in the right method
[20]. Companies need to find an equilibrium between the user-friendly access and the concept of
data minimization and the least privilege. Effective data accessibility generates cross-functional
teamwork, minimizes decision windows, and dependence on historic reports. In addition, it will
enable businesses to determine the tendency of the market, find the areas of operational
inefficiencies, and serve customers with better custom experiences. However, when no proper
security measures are put in place, the same ease of access translates to breaches and legal costs to
the organizations [21]. Thus, the business efficiency on accessibility of data is realized with a
careful design of technological systems data management policies so that the value is offered
without any secrecy or in compliance.

2.3 Security Issues of the Clouds

Cloud computing businesses have certain security concerns that are quite pertinent to
organizations using the Bl systems. Data exposure because of a misconfigured cloud storage
opened databases, poorly secured APIs, etc. is one of the leading concerns. Contrary to the
conventional on-premise systems, the cloud brings with it multi-tenancy; that is, various
organizations can share the same physical resources. This expands the threat of cross-tenants
attack or data loss [22]. Also, any decentralized service like that of the clouds makes it the case
where a vast amount of data is constantly in motion, being moved between and between systems,
accessed through remote users and integrated with third-party services and this alone makes a
variety of attack vectors. The other risk is that of insider threats which can occur when either the
employees or contractors are given too many rights of access where they do not have control.
Besides, most of the cloud based BI structures have complex data pipelines which would cut
across environments and in this manner; it is hard to apply centralized security measures [23].
Hybrid and multi-sourced cloud environments are more complex and add the complexity of
federated identities to Identity and Access Management (IAM). The other technical demands are
the need to maintain secure APIs connection, orchestration of encryption keys and incorporation
of threat detectors which keep abreast of the dynamism of cloud workloads [24]. Weak password
management, sharing of data by mistake, are other human factors that contribute to vulnerability.
Further, shared responsibility model in cloud computing where cloud provider takes responsibility
of security that involves infrastructure security whereas data and access security is concerned with
the customer organization requires the organizations to be proactive in knowledge and completion
of responsibility. The lack of doing this may lead to breaches, loss of data and even reputation
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[25]. Therefore, although the cloud environment increases scalability and performance, it requires
highly specified security practices that have to be active on a continuous basis.

2.4 Regulating Frameworks (GDPR, HIPAA, SOC 2, and so on)

Regulatory frameworks are the legal and operational matters that are used to provide
confidentiality of data, integrity, and availability of information on cloud based BIl. General Data
Protection Regulation (GDPR) is an arrangement that has presented strict guidelines on data
protection to organizations that process personal data belonging to EU citizenry with focus placed
on user compliance, data reduction, and data breach stand. Failure to comply will attract hefty
financial fines [26]. The Health Insurance Portability and Accountability Act (HIPAA) on the
other hand requires healthcare information security such as encryption, audit use of such, and
physical protection. SOC 2 (System and Organization Controls) is an optional compliance model
where technology and cloud computing companies mostly use it to prove they have controls over
the way data is managed, privacy and availability [27]. All these regulations impose upon
organizations the need to establish elaborate data control policies, implement risk evaluation
impacts, and be accountable to the way data is accessed, shared, and stored. These compliance
requirements are even more complicated in cloud BI systems for several reasons summing up to
multiple third-party service providers and distributed data architecture. To cite one example,
entities should make sure that the security standards about data processors and hosting providers
are met and the entities have access logs to ensure the security of access. These frameworks may
require encryption at rest and in transit, role-based access controls and secure authentication
implementation [28]. It must also be in control of data ownership within an organization, despite
the data being stored in third party cloud systems. These regulatory requirements are not only very
important when it comes to legal compliance, but they are also very important in winning
customer confidence and eliminating the financial and reputational cost of data breaches.

2.5 RBAC, ABAC and ZTA Access Control Models

Models of access control play an important role in determining the capability within the cloud-
based Bl systems of providing the data to the persons who should have right of access to it [29].
The most common system applied is the Role-Based Access Control (RBAC), which gives access
rights to a user contingent on the job identification. This makes management easier and that users
will only have access to the information they require in their duties [30]. The attribute-based
access control (ABAC) is quite dynamic and situational oriented where access is granted
according to a set of attributes including the role of the user, place, time of access and device
used. ABAC is much more granular and flexible, a property that is Priority 1 in diverse user
environments that employ remote access. RBAC and ABAC can co-exist in contemporary
systems of Bl to find a middle ground of the usability and position of security. Zero Trust
Architecture (ZTA) is more integral and underpins the assumption that no user or system, both
inside and outside, can be considered trustworthy by default. It needs persistent authentication,
monitoring in real-time and extreme access authentication prior to accessing any data or system.
To a cloud BI solution ZTA takes care of the specialized behavior and risk-based restrictions that
are applied to even authenticated users. These models of access controls, in implementing them,
guarantee non-unnecessary exposure of sensitive data, reduced insider threat, and regulatory
compliance [31]. Accountability is also improved by use of effective access control that allows us
to trace user activities on the audit logs. When done correctly and in place, these models can play
the role of reducing the attack surface substantially and securing business-relevant information
against its misuse. They are inarguably crucial avenues in reconciling security aspects with
operational requirements in cloud Bl contexts.
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2.6 Real -World Incidents and Threat Landscape

The constantly changing environment of threats associated with cloud computing and usage of
Business Intelligence platforms presents dangerous implications to companies [33]. The common
forms of threats are phishing, credential stealing, Distributed Denial of Service (DDoS) attack,
ransomware, and insider threats. With their behavior of using several integrations, remote access,
and the deployment of APIs, Cloud-based Bl systems are about as tempting to malicious actors.
Practical cases have demonstrated that even big businesses could be driven to data breaches when
cloud storage is misconfigured and cannot be properly encrypted or is accessed by third parties
without control [34]. Circumstances like strained databases, stolen credentials, and privilege
escalations demonstrate that there are vulnerabilities with each layer in a cloud construction. Most
breaches are found after months of unauthorized traffic meaning that there exists a flaw in the
real-time monitoring and alerting systems. The incidents that occur whenever vendors or other
business partners serve as trojan horses complicate the security position of companies with shared
cloud infrastructure even more. The ability of a single point of failure in a Bl dashboard,
connector, or dataset to enable attacks on millions of records has been widely established through
high profile attacks [35]. These cases do not only lead to loss of money but also loss of faith of the
population and responsibility of the regulations. In the cloud Bl systems, the dynamic silo and
distributed data properties necessitate the organizations to be alert all the time and be able to adapt
fast. Indeed, in real-life case studies, a significant portion of the breaches was preventable with the
implementation of stronger access controls, encryption standards and acceptance of governance
policies. Such tendencies are driving why organizations should have proactive, multiple line
defenses, beyond the perimeter-based security paradigms. It is important to understand the threat
landscape to come up with resilient cloud Bl architectures that are highly accessible and secure.

2.7 Research Gaps

The gap in research that directly focuses on the dual problem of both accessibility and security to
data in cloud-based Business Intelligence systems is apparent despite the increased studies that are
conducted regarding cloud security and Business Intelligence systems. The current literature
available is more of technical nature of cloud security and/or the usability and its functionality of
Bl tools and is hardly containing the combination of the two elements in one comprehensive
model [36]. The databases on the topic are prescriptive or conceptual most of the time, without
being empirically tested on actual data breaches or case study. The issue here is that it presents a
knowledge gap relative to the performance of these theoretical models when applied in real-life
scenarios of compromise. There is another unexplored question about the third-party service
providers and vendors, their impact on increasing or reducing the cloud BI risks, because more
people resort to outside platforms to store their data, process it, and visualize it. Also, whereas
access control models such as RBAC, ABAC, ZTA are described well, the ways to implement
them and associated trade-offs in terms of the Bl-specific settings are poorly understood [37].
Regulatory models are changing fast yet little is known on the practical implementation use of
compliance mechanisms in multi cloud and hybrid business intelligence systems. Human factors,
which include training, company culture, and enforcing internal policy, are given too little
attention in terms of important aspects that affect the effectiveness of security in Bl conditions. It
is important to correct these research gaps to implement practical solutions where technical,
organizational, and regulatory decisions can be consistent without interfering with the analytical
capabilities of cloud based Bl solutions.

2.8 Empirical Study

Integrating Business Intelligence with Cloud Computing: State of the Art and Fundamental
Concepts (2021) by Hind El Ghalbzouri and Jaber EI Bouhdidi is an empirical study that gives an
explanatory approach to perceive how cloud computing extends scaling, cost-effectiveness, and
flexibility of Business Intelligence systems. The authors review the present situation of cloud Bl
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focusing on its capacity to support large quantities of data and promote speed of deployment at the
same time touching on the major security and availability issues which must be considered by
organizations. Based on a comparative analysis of the scenarios of implementation, the study
provides the advantages, risks, and technical issues of migrating Bl to the cloud [1]. It supports
the need of balancing performance and security frameworks and models, which are quite relevant
to the objectives of this research. This paper contributes its own premise which consists in the
premise that cloud Bl is an attractive but complicated solution that needs careful integration
approaches a good empirical source of information on the nature of difficulties and desirable
approaches to design in cloud BI settings.

The article Cloud-Based Management Information Systems: Opportunities and Challenges for
Small and Medium Enterprises (SMEs) authored by Shohanur Rahman and Mohammad Zobair
Hossain (2024) reports a mixed-method study performed to estimate the value of SMEs in using
cloud-based MIS. Based on the study of 200 SMEs, researchers found out that the use of cloud
technologies has statistically improved operational efficiency (40 percent), cost reduction (35
percent) and user satisfaction (30 percent). The regression analysis also displayed the robust
predictive connections between the cloud adoption and performance measures [2]. 40 percent of
the respondents have reported the issue of data security as a bigger concern and 35 percent have
observed the challenges of system integration, which naturally complies with the issues of cloud-
based BI environments. Although this observation is based only on 5 respondents, it strengthens
the statement that there must be a tradeoff between accessibility and security in the practical
situation, especially when tightening security limits, the capabilities of a resource-constrained
organization such as SMEs. This argument is based on empirical evidence as the cloud platforms
can be helpful but they need to be carefully controlled to eliminate security threats and maintain
data integrity.

The article Data-Driven Threat Analysis of Mohammed K. S. Alwaheidi and Shareeful Islam
(2022) brings forward the d-TM approach to cloud-based infrastructures. The paper gives an
emphasis on the fact that the security of cloud environments is complicated because of the
diversity of data types and data location at the stage of its life cycle: storage, processing, and
transmittance [3]. The d-TM model allows a systematic identification of the attack surfaces by
integrating the threat analysis within management, control, and business abstraction levels. The
demonstration in form of empirical use-case suggested by the study showed that there were four
major threats to attack data in transit and at processing, which makes cloud-based Business
Intelligence systems vulnerable to such threats and should remedy them. The results are valuable
in indicating that it is crucial to prioritize data-level threats and ensure that multilayered defenses
built across technical and organizational aspects are implemented. It is useful to note that the
present paper provides strong arguments in line with the assumption that secure cloud Bl systems
should be based on more than just mere traditional mechanisms and should embrace data-centric,
proactive threat modeling to ensure the safety of system resources and the continuity of the
business.

In the article, CLOUD load balancing for storing the internet of things using deep load balancer
with enhanced security, the authors study the possibility of applying DLB to balance cloud loads,
especially in data-intensive 10T scenarios (K. Dhana Sree Devi et al., 2023). This suggested DLB
model enhances the idea of indiscriminate load balancing by adopting normalization, optimization
of resources and predictive load analysis of deep learning. Response Time, Makespan, Associated
Overhead and Migration Time are key metrics which were used to benchmark DLB with the
traditional methods of TA, ESCE, TA+ESCE. The outcomes depicted better results on scalability,
cost effectiveness, and above all security which is vital to the cloud-based Business Intelligence
systems [4]. Through incorporation of smart balancing algorithms, the paper outlines the crucial
need to balance the need of making data available and minimizing security risks. It is an empirical
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indication of the usefulness of intelligent automation and resilient models on delivering secure and
high-performance data accessibility within cloud systems.

In S. Boopathi (2024) chapter titled Balancing Innovation and Security in the Cloud: Navigating
the Risks and Rewards of the Digital Age, the author examines how cloud computing is both a
source of opportunity and a source of serious threat in terms of security. The researchers give a
multi-dimensional perception of cloud service and deployment models, risk analysis behaviour,
and obligations to comply. It highlights the challenge experienced by organizations in matching
their data protection strategies with the rapidly increasing rate of digital transformation brought
about using clouds [5]. The chapter will offer accessible understanding based on both real-life
examples and the discussion of new technologies, including the recent applications of Al, machine
learning, and Zero Trust-models, suggesting how to navigate the competing values of
cloud/innovation and security/regulatory needs. The input of this paper directly supports the
essence of this study, which is the balance between accessibility and security of data in Business
Intelligence architectures based on cloud organizations, as it proposes an approach that allows
evaluating the implementation of the clouds in an organization, given the new challenges of
digital security.

3. Methodology

This study utilizes a quantification case and data-conscious approach to study a sophisticated
equilibrium of the availability and security of data in cloud-enhanced Business Intelligence (BI)
systems. The paper evaluates observed security incidents data in the real world to identify trends,
attack vectors and contextual threats, which would apply to cloud Bl. The methodology would
involve subsequent steps of data sourcing, cleaning, categorization, and visualization with the help
of Python and Tableau. The stages are crucial in coming up with relevant visual constitution and
insights consistent with the objectives of the study. This aims to give evidence-based findings that
would lead to the informative, but also secure and accessible to practices in the contemporary
deployment and governance of cloud Bl systems.

3.1 Source and Selection of Data

The main data set in this research is called the Security Breach Facing Digital Threats: Data
Security in the Digital Era, which is obtained out of a publicly available data library. The set of
data records includes numerous data breach incidents that occurred over different time frames in
different fields of the United States, such as healthcare, finance, and technology. The attributes in
it would include type of breach such as theft, hacking, loss of device), date of breach, number of
people affected, means of attack, and location or system through which the breach was made such
as network servers, desktops, mobile devices [38]. This data is directly applicable in the study of
security threats of cloud Bl systems owing to the rich records of actual events that relate to digital
assets, access vulnerabilities and breach of endpoints, a situation that is prevalent in Bl systems.
The fact that these fields are rather structured, the availability of unstructured summary makes the
source rich both in quantitative and contextual analysis. This makes the dataset diverse in incident
type and industry, which in turn supports the simulation of the depth of the real-world BI
infrastructures. The presence of geographic and time data allows getting a longitudinal and
regional overview of the evolution of breaches [39]. This dataset is comprehensive and relevant
and can therefore be adopted as a good empirical basis for this research on the balance of data
security and accessibility.

3.2 Data Preprocessing

To achieve the analytics validity and data quality, the data in the dataset underwent processing
with Python and Tableau. First, record data with null, inconsistency, or irrelevant data were
dropped or contextually imputed. Free fields that included the date like, Date of Breach, Breach
Start, Breach End, and Date Posted or Update were standardized to be expressed in similar
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datetime format so that a correct analysis of the temporal trends would be possible. Categorical
data were normalized though unsafe naming on the same data fields by correcting inconsistent
naming conventions and converging breach type. Some of the numerical fields such as
determinations like Individuals Affected were checked to be accurate and inconsistency rectified
where there were cases of repetitive responses and inconsistencies. derived variables were added
to support further analysis [40]. A field was calculated as a difference between breach start and
end dates, named as Breach Duration. The scores of the Breach Severity were deduced with
figures depending on the number of individuals that have been influenced. The cleaned data
would then be brought into Tableau where it would be formatted to be presented and be broken
out statistically. Data comparisons by year, state and type of breach and the location of the data
were made available by application of filters and parameters. This preprocessing stage guaranteed
the further analyses were based on the stable coherent database and allowed to receive exact
information on the risks of breaches related to BI.

3.3 Techniques and tools of Analysis

This study used the hybrid visual analytics and pattern recognition capabilities to understand the
data breach trends applicable to the cloud based Bl systems. The major instrument of data
visualization was tableau because it was a powerful instrument in dynamic filtering, trend
mapping, and geographic plotting [41]. Python was also used to carry out supporting analyses in
order to validate data and provide exploratory statistics. Some of the visualizations that are
generated entail line graphs (about breach trends over time), bar graphs (about breach types and
breach methods), heatmaps (about breach locations), and ranked lists (about data location
vulnerabilities). Such tools allowed studying the effects of breaches regarding their magnitude,
time reference, place, and modality. Critical reviews were then made of each of these charts and
main ideas obtained:

» Temporal Analysis: Years in which the volume of breaches or its severity was the greatest.

» Geographic Distribution: Identifying the states that breach and matching them with the areas
with high Bl adoption rates.

» Method/Type Analysis: Improving the ability to create awareness about the most dangerous
or most common types of breach methodologies.

» Endpoint Vulnerability: Evaluation of the severity of breach exploiting the physical or
logical place of the data.

The analytical methodology enabled a multiple insight into the intersection of accessibility and
security of real-life events. Complex relationships are better conveyed using visual techniques,
and help evidence-based recommendations to be made on the design and governance of a Bl
system.

3.4 Ethical Considerations

The ethical integrity of the research was taken care of very well as the research was done with
only accessible and available secondary, anonymized, and public information. All personal and
sensitive information on the dataset used are not present, including personally identifiable
information (PII), the proprietary names of organizations not registered in the public record and
sensitive personal records [42]. The data considered in the research is licensed under open terms
and thus is to be utilized in education and analysis. This study is not aimed at criticizing or
externalizing certain organizations but to extrapolate macro trends and draw practical outcomes in
terms of cloud Bl system resilience improvement efforts. Efforts were not made to reveal the data
anonymity or cross-checking breach incident with other sources. In addition, ethics of data science
has been adhered to in all the tools used in the analysis and the findings have been reported in a
clear manner without bias. The data of this study is public; therefore, it did not face the need to be
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approved ethically [43]. Yet, there has been caution to ensure that breach-related information has
not been harmed and misrepresented or misused during the study.

3.5 Limitations to the research

Although many interesting pieces of information can be derived by using the dataset, its
limitations should also be mentioned. It is not every breach event that is reported in the open
making some events in small private-based organizations to underrepresented the actual cases.
The dataset too fails to make the distinction between cloud specific and on-premise states, and
cloud BI relevance would need to be inferentially constructed [44]. Further, there are other areas
where there is no standardization in the classification category, even though normalization is done
during preprocessing. The scope of periods is also narrowed by the scope of the data. Such
limitations do not disqualify the findings but as a limitation in generalizations. These are
considerations that should be made when interpreting the options of the study.

3.6 Overview of Methodology Framework

H’fﬂi

Data Source Selection
* Publicly Available dataset: “Security Breach

Methodology Flowchart

Data Processing

* Remove null/inconsistent value

|

Analytical Tools Used

|

Data Visualization
+ Breach type over time

}
L Ewmd

The visual flow representation of the structured methodology employed in this research denoted
as “Balancing Data Accessibility and Security in Cloud-Based Business Intelligence Systems” is
as shown below. The framework explains the linear and logic process of realizing the research
objectives using a quantitative and data-driven basis. The methodology will start with Data Source
Selection, where publicly available data with the title Security Breach is taken into consideration
because of broad coverage of the types of breaches, breach methods, breach location, and the
impact of breaches over a long period of time. This dataset presents actual security incidents
encountered in real life as they are of relevance to an organization in the public and the private
sector which are surroundings in which systems which are based on clouds of Bl get to be applied.
After obtaining the dataset, preprocessing of data was done by using Python and Tableau to
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normalize and clean the data. This covered the treatment of nulls, normalization of categorical
names such as breach type and state, time-based fields like breach start and end times and dates
[45]. This step played a major role in making the data analysis-ready and congruent. The third
step, Tools Utilized in Analysis, was based in Python, data preparation, and Tableau,
visualization. Such instruments facilitated the effective search of patterns, trends, and anomalies.
The interactive dashboards and visual maps developed by Tableau were qualified to reflect the
dense information about the breaches by means of a comprehensible presentation that people
could comprehend. The Data Visualization stage was the process of developing several figures
that demonstrate the trends in breaches according to the years, locations, type of breach, methods,
and access points. Based on these visual outputs, there were grounds to interpret the extent and
degree of the security issues within the cloud BI systems. Finally, such visual analyses gave rise
to Interpretive Insights. These facts were directly used in: finding weak points in security
architecture, regional susceptibilities, and suggesting the implementation of governance strategies
that could succeed in balancing data access and protection. The flowchart reflects the structured
process that can be repeated and used in this empirical research.

4. Result

This study displays the analytical results of the viewing and analyzing of the dataset concerning
data breaches, with an emphasis on their impact on cloud-based Business Intelligence (BI)
systems [46]. The findings examine some major trends in the chronology of breaches,
geographical locations, breach categories, breach means and places of affected data. Both figures
offer essential clues on the magnitude and the extent of threats that affect the availability and
security of data. Such visual considerations form a basis upon which one can interpret the
dilemma which organizations experience in determining how to ensure open access to vital data
whilst maintaining a high degree of cybersecurity.

4.1 Affected Individual Based Breach Trends Analysis
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Figure 1: This Image illustrated to the Individual Based Breach Trends Analysis
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Figure 1 shows a line diagram on the average figure of individuals exposed to data breaches
annually between 1997 and 2014 using the Security Breach data set. The figure shows variations
in the scale of violations over time, and it is easy to see how the severity of incidents changed
over the specified period. Based on the graph, the amount of people who were affected was quite
small and steady between the years 1997 and 2004. But there was an alarming increase in 2005,
which means a major compromise or an accumulation of cases that exposed more than 300,000
individuals. Following a minor dip in the year 2006 and 2007, there is a sharp increase once again
in 2008 and 2009, and the year 2009 seems to be the highest point wherein the average number of
people affected has surpassed 500,000. This allows comparison with the general flow of digital
transformation since the time other organizations also changed to digital systems and started using
cloud-based BI tools and in many cases without established systems that secure them. Since 2010,
it is evidently going down with some inconsistency but the average is still quite high compared to
the pre-2005. In 2012 and 2014, the days of breach appear to have less impact, which could be
either the result of better regulation compliance or better security maturity in organizations. The
trends point to the fact that the spread of data on the cloud platforms is accompanied by growing
vulnerability to cybersecurity attacks. Access controls, encryption, and the mechanisms of
governance are specifically important due to their roles in striking the correct balance between
usability and security in Bl systems as highlighted by the upward trends.

4.2 Distribution of Breaches by geography: Number Breached by State

E
. i IT— ndividuals Affected
Individual Affected Across the States .

Figure 2: This Image presents a geographic heatmap of several individuals

Figure 2 presents a geographic heatmap of several individuals who have been subject to data
breaches in various states of the United States, according to the Security Breach dataset. The
darker the color the greater the number of persons affected in such an area. This image gives a
nice explanation of the geographical aspect of the severity of a breach and which states were most
affected by data compromise. As indicated in the map, California, Texas, Florida, and Illinois
have been most greatly affected with millions of people being reported in each of those states.
Dense populations and the location of head offices of many big businesses and health care
providers in these states are all possible reasons why some large enterprises apply a Bl in the
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cloud on its working intelligence. In that regard, the statistics also indicate that there may be
correlation between the use of Bl systems and exposure to high security incidents especially in the
technologically advanced or even data intensive areas. Comparatively, the states that experience
fewer breaches include Wyoming, Montana, and South Dakota whose breach impacts are quite
low. This can either be an occurrence of lesser breach occurrences or can be associated with
underreporting or reduced cloud Bl adoption. This geospatial analysis acknowledges the
significance of the regional compliance-readiness and security activities, particularly in those
organizations working in risky or densely populated regions. The figure reiterates the fact that the
Bl systems based on clouds create more attack surface as more data becomes accessible to
individuals in different states and different locations [47]. It identifies the necessity of
geographically course-grained security measures, vendor management, and compliance
surveillance, so that the ease of access to the information in the high-traffic areas does not occur at
a cost to the security level.

4.3 Breach Types and Their Effect on Individuals
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Figure 3: This image shows the number of people involved in different security breaches

As Figure 3 shows, according to the Security Breach dataset, there are a significant number of
people affected by different types of security breaches. All types of breach, such as combinations
of breach like Theft, Hacking or IT Incident or Loss, Unauthorized Access are plotted in relation
to the number of affected individuals, providing the overview of which categories of breach bring
the most significant results. The highest point in the graph is noting that there is a huge jump in
the number of individuals who were affected by breach belonging to the category of Theft,
Hacking/IT Incident with almost 170 million people being affected. This is an indication that both
physical theft and cyberattacks are the most harmful in case of breaches in terms of magnitude.
The following major breach types speak about the connection with the matter of the Improper
Disposal, and the one of the Loss and Unauthorized Access, so it means that even the spoliation of
data and the unsatisfactory practices of data administration is a leading cause of data exposure.
Even within highly technological Bl settings with well-established security protocols, other
conventional breach vectors, such as stealing physical devices or loss because of a mistake,
continue to affect millions of people, which indicates a lapse in protection. Such results reveal the
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multi-factorial aspect of threats to cloud-based Bl systems where threat sources are a combination
of human error and cybercrime [48]. The wide range of breach types only underlines that the
enhanced level of data accessibility, though positive in terms of business necessities, can lead to
the occurrence of vast vulnerabilities unless the principles of security controls are implemented at
each level. Since Bl systems are connected to mobile devices, third-party applications, and
external data sources, there is a risk of becoming subject to hybrid types of breach such as theft in
addition to hacking. protected organizations must focus not only upon the protection of external
attacks, but also develop internal practices such as secure data disposal, encryption standards and
endpoint protection to mitigate risk. Such analysis supports the necessity of a layered, context-
sensitive security approach that would adjust to various vectors of the breach that exist in cloud Bl
systems.

4.4 Methodological Assessment of Breaches More Influencing People
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Figure 4: The figure depicts the distribution of breach methods according to the proportion of
affected persons

The spread of methods of breach considering the percentage of people affected to do the breach is
presented in figure 4 and it represents the frequency of attack methods exposure methods. The
chart incorporates the wide variety of breach vectors, ranging between careless errors to more
advanced hacking attacks, which signifies a diverse threat environment that cloud-based Bl
systems are at. The biggest hitters in the picture are “hacked/misconfiguration,” “improper setting,
hacked, " and “inside job, hacked,” wherein more than 90 percent of all the individuals in the
respective categories are infected. Brisk figures imply that one case of these types is likely to
affect enormous amounts of sensitive information, giving the harsh implications of improper
setup, inner malfeasance, and ineffectively fixed flaws in Bl systems. The others are of
importance and are named as accidently exposed, publicly accessible Amazon S3 bucket and
unprotected API, which point to the vulnerability that tends to increase with the convenience of
accessing data and the use of clouds. In many cases, such vectors are the result of weak
authentication, the absence of encryption, and the inadequate application of access controls, which
are even worse in open or self-service Bl systems. Interestingly, even at a lower scale, there are
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the occurrences of such miscellanea as social engineering, rogue contractor, and ransomware
hacked, which proves the power of human factor and specific manipulation in the case of
successful breach. The analysis underlines the importance of the fact that the enhancement of
accessibility in cloud BI systems is to be performed with strong consideration of the data
exposure, sharing, and storage. The combination of technical and human-based vectors of attack
indicates that an integrated approach to security should be employed, including an automation of
policy enforcement and employee awareness and enforcement. Therefore, given the recent trend
within organizations towards democratization of data access provided with the help of Bl
platforms, it is important to note that the same organizations need to implement context-sensitive
security measures to diminish the probability and consequences of breaches that such approaches
are subject to.

4.5 Post-Breach analysis: The effect of breach closure on the subject of the breach
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Figure 5: this picture illustrates to the mean number of people that are involved

The fifth figure offers a line graph showing the average number of people affected according to
the year in which data breach terminated, with special concentration of 2007, 2011, 2012, and
2013. This time chart scheme gives good indication of the impact there is, after the incident of the
data breaches not to mention as applied to the resolution work, mitigation, and the subsequent
reverberations of the expose in cloud-based Bl systems. What is shown in the chart is a fluctuating
trend. The average number of infected people was high indeed, nearly 210,000 in 2007, which
implies big-scale attacks that were either not addressed well or identified only in the late stages of
their occurrence. By 2011 this number had fallen sharply to only over 40,000, which may have
shown that breach response strategies were being improved, detected earlier, or effective
mitigation practices enacted. But the mean cases have been on a spurt in 2012, reaching about
240,000, which became the highest point of the data collection. This revival can be explained by
the fact that at that time the number of cloud BI platforms began to be more popular and the level
of security was not advanced enough and the access controllers were not properly configured with
the failure to encrypt the data. The abrupt increase in the time emphasizes the great impact that
detection late and delayed response to the incident can result in enhancing the extent of attacks.
This further dropped to below 100,000 by 2013 noting the enhanced control over security
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governance that may have been attributed to the tight registration checks and active defense-
related security measures [49]. The following analysis draws attention to the need to organize
efficient incident response and rapid closure procedures to reduce the consequences of a data
breach. Containment of security incidents in real time is critical in cloud-based Bl systems, where
data is continually accessed and shared in distributed settings, and whose portion of security
measures in maintaining balance between data accessibility and protection. Effective preventive
controls are not the only requirement organizations must take care of because they may want to
maintain an agile response and recovery system to mitigate the damage caused to an organization
by any significant security failure in the long run.

4.6 Breach Impact by Data Location: Ranking of Affected persons by source of Breach
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Figure 6: This Image shows the a graphical view of the rank of average persons affected in
different places

Figure 6 presents a graphical view of the rank of average persons affected in different places
where data breach has taken place, which is a pertinent piece of information on how different
breach points are able to influence the severity of the breach. The figure classifies sources of data
breach, e.g. desktop computers, laptops, network servers, emails, and EMR, according to the level
of a person it impacts in assisting the identification of the riskiest locations of data repositories in
businesses utilizing cloud-based Bl systems. In the chart, desktop computers once combined with
others, such as emails, external hard drives or even paper records, are always ranked high
regarding the breach severity. This shows that an endpoint that involves a lot of user interaction
and can be physically accessible are the best targets or vulnerable data spots. Such a combination
as Desktop Computer and Other and Desktop Computer and Paper takes quite a high ranking,
which can be explained by hybrid documentation systems, which erase digital-physical
boundaries. Laptops and handheld devices are no exception, as they are also often found in the
upper tier revealing the susceptibility in mobile data accessibility; which in a cloud BI
environment is an essential attribute. Curiously, even network servers, which are more often
classified as secure and centralized, are found in the upper positions when combined with
endpoints, such as laptops or emails of different types, indicating the complexity of interconnected
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access dangers. In this analysis, it is striking that a fundamental conclusion of the study is that, as
much as cloud-based Bl systems can make data more accessible, it also widens the scope of attack
across multiple access points. The more extending and decentralized the data locations are, the
more complicated and multilevel the security provision should be. To achieve such a balance,
companies should consider having contextual access policies in their fields, recently encrypting
data at rest and in transit, and introducing the endpoint detection and response (EDR) to all types
of devices that connect to the Bl landscape realms.

5. Dataset Overview

The main empirical base of this study will be the data set labelled as Security Breach- Facing
Digital Threats: Data Security in the Digital Age. It gives an elaborate detail of a total of 173
reported cases of security breaches that have been reported in different organizations in the United
States. The data points in the dataset contain such ordered attributes as breach type, breach
method, breach date, occurrence state, the involvement of a business associate, and the number of
affected individuals [60]. It also records the organization type, location where the data is breached
such as on paper, network server, mobile device, and a summary of the incident. The data set
displays the growing number of cyberattacks and their sophistication and highlights major
obstacles related to unauthorized access, physical loss of devices, theft, and deliberate
cyberattacks. Phishing, malware delivery, system intrusion are methods of attack; they are some
of the common attack vectors in cloud-based Bl systems. It also shows how vulnerable are
personal health information (PHI), financial data, and others when there are no strong security
frameworks. The dataset has a high contextual and quantitative value, which means that it is
possible to analyze breach trends in time, geolocation heatmaps, access point vulnerabilities the
severity by methods. All the information is anonymized, publicly placed on MIT license, and it is
updated once every year, being compliant with ethical norms and research openness. This data set
can be instrumental in bridging the gap between theoretical security models and their application
in the real-world situations of breach dynamic to actionable insights of securing cloud-based Bl
systems.

6. Discussion and Analysis

This area focuses closely on the results of the study obtained using the dataset on security
breaches with a critical perspective based on their application in cloud-based Business
Intelligence (BIl) systems. Examining the tendencies of breaches using their geographic
concentration, techniques, and the possibility of attacks on devices, the discussion outlines the
problems that must be overcome to provide organizations with the requirements of data
accessibility leaving the security intact [46]. In this section, how the breach dynamics can
influence strategic decisions in cloud Bl architecture is investigated through 6 sub-analyses based
on themes. It is hoped that these observations will help clarify how data-driven operational
efficiency can be married with well-structured cybersecurity architectures so that operational
accessibility is enabled by security policies and procedures rather than jeopardized by them.

6.1 Data Availability and Security Risk Interaction in Cloud Bl

With Business Intelligence (Bl) systems that are cloud-based, truly extraordinary access to data
can be realized, in which individuals located in geographically diverse departments and locations
are able to access and analyze data in real-time. This democratization of data is a strong tool of
organizational agility, innovation and strategic decision making [47]. According to Figure 1 and
Figure 3, the greater the openness, the higher the probability of data leak. Furthermore, this effect
is even more likely in environments where the security policies and technical protection have
failed to adapt to the usage. The sudden increase in the number of the affected people in the years
of peak popularity of cloud usage is an indicator that making it easier to obtain business
intelligence made it no less easy to be obtained by malicious actors. The vast number of types of
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the breaches such as hacking, internal thefts, malware, and so forth makes it even harder to
balance among the data sharing and protection [48]. The message is obvious, in case of the lack of
appropriate governance, the access can soon become the exposure. Important security topics that
should be taken into focus by the Cloud Bl vendors and the adopting organizations include secure
configuration, use of controls based on the roles of individuals, and continuous risk evaluation.
The concept of security must not be regarded as an impediment to the accessibility but as a
facilitator of the sustained, safe, and trusted usage of Bl capabilities. It is a balancing act that is
important to avail the real value in cloud-based analytics, without compromising data integrity
and customer trust.

6.2 Paradigmatic Hotspots and Organizational Vulnerability

The spatial analysis of Figure 2 has shown a significant geographical contrast in the severity of
breach with states of California, Florida, and Illinois being hit more disproportionately. These
states serve as centers of the large-scale corporations, healthcare systems, and tech industries
fields where the operations in these sectors highly depend on the use of data with the help of the
Bl systems that are based on clouds [49]. This unbalanced allocation shows that highly populated
and data rich states have higher chances of being breached with high volumes because by the
nature of the organization, the exposure to the usage of multifactor systems is more rampant. This
geographical bias is caused by differences in local preparedness to cybersecurity, enforcement of
regulations, and the maturity of infrastructure. The challenges experienced in these hotspots are
increased in organizations. They also have to maneuver through the actual compliance demands of
the industry in addition to the regional demands of privacy and breach response [50]. The leaders
in cloud Bl adoption are also the prime indicator of the dynamic threat environment. The lessons
that have been learnt after these incidents occurred in these regions (how to vet vendors, train
employees, and conduct proactive audits) can find application in other regions. This discussion
supports that physical location is an issue of cloud BI security. Due to the nature of their
geographical environment, the strategies that national and global organizations use to defend
themselves should be based on a region-specific approach and the policies of data accessibility
cannot neglect the local risks. Site-Specific Risk Profiling as a prerequisite to Enterprise-Wide
Cloud BI Strategy Location-specific risk profiling ought to become part of the fabric of
enterprise-wide cloud BI strategy.

6.3 Complication of the type of breaches and attack vectors

The wide array of breach categories presented in Figure 3 demonstrates that the range of cyber
threats in the context of cloud-based Bl has become highly complex. Breaches are no longer
restricted to one-dimensional attacks but tend to be richer, in the sense of combining many tactics,
e.g., physical theft coupled with hacking, or an insider attack exploiting the system
misconfigurations. Such mixed breaches are most likely to impact the highest number of people
implying that attackers are advancing at a higher rate than most organizations [51]. That is why
this multifaceted Ness increases the stakes of security professionals and Bl system architects.
What is needed is not the security of perimeter networks but the security of all endpoints, users
and roles third party integration. In addition, disposal of devices and documents as mentioned is
still a major cause of mass breaches. The figures imply that simple cybersecurity hygiene is
already a struggle even in the current age of technological development. Cloud Bl systems further
increase these risks because they are distributed and, in many cases, decentralized. Potential
exploits can be offered by misconfiguration of uploaded user permissions, shared access keys and
data export without oversight [52]. The answer is to take a multi-layered security stance building
in Firewalls, Intrusion detection systems, encryption, identity access management (IAM) and user
behavior analytics (UBA). Finally, the increasing sophistication of the techniques of breaching
highlights the dire necessity that security should be more of an ever-evolving strategic process,
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and less of a checklist. Proactive, predictive, and pervasive protection should be used in BI
ecosystems, the data in which drives critical decisions in real-time.

6.4 Systemic vulnerabilities are captured by breach methods

Figure 4 gives a more detailed view on breaches occurrence, and the results are frightening.
According to the methods, sophisticated cyberattacks are not the only cause of many breaches
since they were made due to the overall poor security and a lack of protection of APIs as
presented by variations that evolve as from “accidentally exposed” to “poor security” and
“unprotected APL.” As an example, the APIs and cloud storage facilities such as Amazon S3
buckets used in cloud BI architecture have been repeatedly revealed to be publicly open because
they were improperly configured [53]. These tools will present no difficulties in application and
data transfer, but their generosity between systems makes them exposed to high risks unless
secured adequately. More worrying are the breaches due to inside jobs or rogue contractors which
signifies danger of uncontrolled access to data and the absence of any internal tracking. Such
breaches are hard to trace and block unless very complex analytical behavior and strict access
policies are in place [54]. These breach methods have reached the prevalence rates showing that
there is a lack of association between speedy cloud adaptation and proper cybersecurity plan.
Security procedures, where any exist, are usually behind, or have been implemented
insufficiently, in a BI setting. Organizations do not infuse security in the design stage of Bl
system development in most of the cases. In the analysis, it is emphasized that cloud-based Bl
platforms require leaving the checkbox compliance alone and instead take up the demands to
effect continuous monitoring, real-time alerting policies that have automation in effect [55].
Organizations are advised to take the methods of breaches as a mirror- they can have an idea on
what to improve so that the incidence and severity of breaches can be tremendously reduced.

6.5 Timelines to Breach and Critical Incident Response

The dynamics of the number of people affected by the breach end year highlight the role of
detection speed and response speed in reducing breach impact since the trend line in Figure 5
shows that the average number of affected individuals decreases with increased response speed.
The statistics show that the longer the breach is unnoticed, the more people it can lead to an even
exponential number. The sharp increase in 2012, at which point an average impact reached its
height, points to a failure in terms of tracking the breach or a belated response [56]. These delays
are especially harmful to the cloud BI environment where the data moves around the systems and
the users at a fast rate. Without the detection of a compromise in a Bl system, malicious parties
can get access to critical reports required to make decisions, financial sensitivities, and customer
information in weeks or months. This highlights the issue of the imperative of a clear-cut Incident
Response Plan (IRP) along with a high-order fusion of security operations (SecOps) as part of Bl
systems. Real time anomaly detection, monitoring of logs, and using automation to alert early is
vital in identifying threats [57]. What is more important, such tools should be supported with the
organizational culture that values high speed and collaborative work across organizational
functions in case of security events. Besides, the breach closure must be well-documented and
forensic analysis should be made to ensure that the same case does not happen. An incident
response is not merely a device to manage damage, but it is an element of operational resilience in
the digital era. Fast detection and response should not be a novelty when it comes to cloud Bl
where we can expect the velocity of threats to be equal to the velocity of data access.

6.6 Bl Access Endpoint and Vulnerability in Devices

Figure 6 reveals that the place of breached information, better termed as desktops, laptops, emails,
and servers, is indeed very critical in impact calculation [58]. The Endpoints are one of the
weakest links of a Bl ecosystem, especially in cases where users access sensitive dashboard &
datasets via personal or mobile devices over non-secure networks. Such combinations as Desktop
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Computer & Paper, Laptop & Email or Net Server & External Drive are ranked high, which is an
indication that data sprawl across various configurations and devices is a major cause of breach
severity. The fact of hybrid work and the policy of BYOD (Bring Your Own Device) can only
enhance such a state, and organizations have problems with controlling access and ensuring the
same level of security on all touchpoints. Cloud Bl systems may seek to be platform-independent
(that is, available everywhere and everywhere). Increasing productivity, this doubles the exposure
points. Security cannot therefore end at the server layer. The use of encryption on the device along
with other forms of multi-factor authentication and vessel capacity to remotely delete data should
be standard. Also, endpoint activities need to be monitored continuously by the endpoint detection
and response (EDR) solutions. Security teams can get notice of possible breach before it happens
because behavioral analytics can raise alerts on anomalous access times, unusual downloads, or
other activity. This analysis underpins one of the main ideas of this study that the problem is not
only technological, but also operation and cultural. To get a real balance between accessibility and
security, companies must shift the scope of their interest toward the periphery where data is
consumed, manipulated, and, in many cases, lost.

7. Recommendations

The organizations need to be strategic and proactive to balance the data accessibility and security
in the cloud-based Business Intelligence (BI) system. The granular access control measures like
Role-Based Access Control (RBAC) and Attribute-Based Access Control (ABAC) must be
implemented because they will make sure that the users will receive only the data that relates to
their job, thus decreasing the likelihood of unauthorized access. A combination of regular security
audits, real time-monitoring capabilities and automated anomaly detection mechanisms should be
used to detect possible breaches and act quickly to stop them. Training of employees should be
placed among a top priority, because human error and social engagement tricks still are among the
most popular ways of data compromise; continued education in the sphere of cybersecurity can
decrease exposure rather significantly [59]. Every sensitive data must be encrypted at both the
medium and rest state to secure data even in case of the breach. To efficiently deal with breaches,
it is essential to have a defined incident response plan (IRP), which includes clearly defined
procedures of containment, communication, and data recovery. The Bl components delivered by
cloud providers could also assist companies by deploying compliance-ready functionality to
comply with the regulatory requirements, like GDPR, HIPAA, and SOC 2, to minimize legal and
reputational risk. The security of cloud Bl systems should also be integrated into the systems at an
early stage of the systems design and not when the systems are already deployed. When
implemented as a set of measures, these acts not only enhance data protection structures but will
also allow safe access to vital business intelligence with impediments, encouraging the trust,
operational stability, and data-driven decision-making in agile business situations.

8. Future Works

Although this paper has presented valuable findings on the trade-off between data access and
security in cloud-based Business Intelligence (BI) systems based on the real breach data, several
avenues remain open to future exploration and improvement [57]. Future studies might enlarge
the sample to cover additional events of breaches going on in other countries and concentrate
specifically on cloud-indigenous Bl systems to produce more evident connections among the
cloud structure and the probability of a breach. The integration of operation cloud Bl system logs
and real-time threat intelligence feed traffic would enable the prediction modeling and detection
of anomalies using machine learning algorithms, which would provide a more optimistic method
of preventing threats. It is possible in future to investigate integrating Zero Trust Architecture
(ZTA) and Decentralized identity systems, including blockchain-based access control, to
determine their applicability in improving the accessibility and security of data in distributed
environments [58]. With evolving regulations in the world, the other promising avenue is to
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evaluate the dynamic nature of compliance challenges of multinational organizations that maintain
Bl systems in diverse jurisdictions. Insights into the vulnerability and best practice of a certain
sector can also be exposed through comparative studies among: instances of industries divergence
like healthcare, finance, and e-commerce [59]. A qualitative study in the form of a survey or
interviews with Bl practitioners, security analysts and cloud architects may provide a complement
to the perspective on data-driven solutions to real-life operational issues and strategic advantages
and disadvantages. Lastly, a standardized security-accessibility index or framework may be an
effective practice that an organization may use as a benchmark of its system to determine its
policies. These research directions open in the future will lead to development of more secure,
effective, and regulatory compliant cloud Bl platforms that will serve the businesses without
interfering with the data quality or its availability.

8. Conclusion

This study has explored the intricate relationship between accessibility and security of data in
cloud-based Business Intelligence (BI) environments based on the empirical data of actual breach
cases and sought real practice-based answers. With the rising number of organizations moving
their operations to cloud platforms in the efforts of achieving an agile operation and alignment of
decisions to data, the need to ensure efficient security of data and the provision of ready access
becomes a greater issue. The examination of the dataset named the Security Breach showed that
security breaches continue to be common and diverse as much as the result of cyberattacks, theft
of devices, unauthorized access and poor governance systems. These cases do not only threaten
confidentiality and integrity of the essential data but also put organizations in danger of
reputational and court consequences. Meanwhile, access policies so tight that they interfere with
productivity, cooperation, decision-making in a timely manner is also among the main benefits of
cloud BI systems. The results demonstrate the necessity of the middle ground that will not only
depend on the current security best practices including Role-Based Access Control (RBAC),
Attribute-Based Access Control (ABAC), encryption, multi-factor authentication, and real-time
monitoring of threats, but also allow smooth access to the authorized user. The aspect of human
factors, poor training, and low level of policy enforcement also tells a lot about the role of
organizational culture and employee awareness in stopping the breaches. The decision to
implement regulatory compliance frameworks including GDPR and HIPAA is not something that
should be considered a burden but the set of principles of a solid data governance process. This
study can find in its analysis that the best balance cannot be obtained only through technical
controls but through an entire strategy which includes policy creation, training of stakeholders,
security-by design infrastructure.
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