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ABSTRACT

In an effort to improve operational effectiveness and strategic decision-making, this study
explores how Big Data Analytics (BDA) and the Internet of Things (IoT) can be integrated
inside the Business Intelligence (BI) framework. In order to handle the enormous datasets
produced by IoT devices, the research investigates cutting-edge analytical methods including
machine learning and predictive analytics. The suggested framework is evaluated using eight
critical performance measures, such as data processing speed, integration efficiency, prediction
accuracy, and accuracy of hypothesis testing, versus more established analytical techniques
(SmartPLS, SPSS, and PLS-SEM). The IoT-BDA integrated BI framework performs
noticeably better than conventional approaches, according to the results, especially in terms of
real-time processing and system scalability. Enabling IoT and BDA in BI can result in more
accurate, efficient, and scalable data-driven decision-making systems, giving businesses a
competitive edge. An ablation study confirms the significance of each component within the
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framework, emphasizing that eliminating components such as machine learning algorithms or
real-time data processing significantly degrades performance.

Keywords: Business Intelligence (Bl), Big Data Analytics (BDA), Internet of Things (IoT
Machine Learning, Predictive Analytics.

1-INTRODUCTION

Business intelligence (BI) is among the sectors that have been impacted the most by the huge
transformations caused by the Internet of Things (IoT) and the fast expansion of Big Data
Analytics' (BDA). Companies can harness huge amounts of data and convert it into operational
and decision-making strategic insights by incorporating IoT and BDA into BI frameworks. In
an era where data is considered the new oil, such transformation is necessary because it
provides a competitive edge to those well-positioned to manage and interpret it.
Mohanarangan, V.D. (2023)[12] analyzes effective loT models for skin-related tags through
automatic lumen detection, citing IoT's function in data gathering. Additionally,
Thirusubramanian, G. (2021)[14] presents Al integration with IoT for detecting financial fraud.
Akhil, R.G.Y. (2021)[15] stresses enhancing cloud data security, whereas Naga, S.A.
(2021)[16] discusses resource allocation in cloud data centers. Kalyan, G. (2022)[17]
overviews cloud adoption for software testing, incorporating empirical data. Moreover,
Rajeswaran, A. (2022)[18] discusses transaction security in e-commerce. Naresh, K.R.P.
(2022)[19] stresses ECG signal analysis in IoT health monitoring systems, whereas
Mohanarangan, V.D. (2021)[13] discusses enhancing cloud security in healthcare
environments. These writers portray the challenges and possibilities where IoT, BDA, and BI
converge.

"Testing Hypotheses in IoT Business Intelligence: Leveraging Big Data Analytics and
Advanced Techniques" encapsulates the overall purpose of the study, which is to determine
how sophisticated big data analytics methods can be employed to test hypotheses on the topic
of IoT-based business intelligence. This is the scientific process of utilizing empirical data to
test assumptions or predictions about market trends or business procedures. Yalla, R. K.M.K.
(2021)[20]investigates cloud-based encryption to protect financial information, whereas
Poovendran, A. (2022)[21] covers integrity auditing for cloud networks. Vijaykumar, M.
(2022)[22] covers performance optimization through parallel clustering algorithms for cloud
computing. Basani, D. K. R. (2021)[23] also improves cybersecurity through Al methods, and
Gudivaka, B. R. (2021)[24] emphasizes Al-supported music education. Grandhi, S. H.
(2022)[25] covers health monitoring with wearable IoT sensors. Harikumar, N. (2021)[26]
adds to geological data processing, whereas Himabindu, C. (2021)[27] enhances cloud security
and privacy threats.

This is the technique of processing big datasets (Big Data) generated by Internet of Things
(IoT) devices with the help of advanced data processing algorithms. Activities such as data
mining, machine learning, and predictive analytics are all included in big data analytics. These
are cutting-edge techniques or tools employed for data analysis, including real-time data
processing frameworks, machine learning algorithms, and artificial intelligence (Al). They
significantly enhance BI systems' capacity to deal with complicated and vast volumes of data
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from IoT sources. Venkata, S.B.H.G. (2022)[28] proposes a secure computation framework for
cloud computing. Karthikeyan, P. (2022)[29] discusses cloud security issues in authentication
and access control. Basava, R.G. (2021)[30] discusses Al-based healthcare robots. Sri, H.G.
(2021)[31] discusses IoT sensor networks for water level monitoring. Devarajan, M. V.
(2022)[32] is engaged in workload prediction in cloud computing. Mohanarangan, V.D.
(2020)[33]evaluates serum sample viability for risk prediction. Mohanarangan, V.D.
(2023)[34] examines Al trust in healthcare. Koteswararao, D. (2020)[35] explores software
testing for distributed systems.

Business intelligence applications have traditionally been designed to deal with structured
information from internal sources such as financial reports, customer databases, and sales
transactions. IoT introduced new types of data, however, such as unstructured data from social
media, external databases, and sensors. Powerful analytical tools capable of bringing together
and processing datasets of different kinds in real time are required for this new paradigm of
data. Rajeswaran, A. (2023)[36] presents an auditing mechanism for big data storage. Sri, H.G.
(2023)[37] conducts rare-event detection in IoT devices. Mohan, R.S. (2023)[38] specializes
in cloud-based customer relationship management. Karthikeyan, P. (2023)[39] improves
banking fraud detection through neural networks. Naresh, K.R.P. (2021)[40] considers fraud
detection in healthcare. Naga, S.A. (2019)[41] examines genetic algorithms in software testing.
Durga, P.D. (2022)[42] discusses resilience testing within AWS environments. Naresh, K.R.P.
(2023)[43] predicts trends in e-commerce through sophisticated regression methods.

+ Investigating loT's Potential to Strengthen Business Intelligence: Examine the

ways that IoT technology can enhance data gathering, analysis, and decision-making
procedures by being included into BI frameworks.

% To Analyze Big Data Analytics Techniques: Look at the many big data analytics
techniques used to handle and analyze Internet of Things data and extract useful
business insights.

% To Overcome the BI and IoT Integration Challenges: Determine and talk about the
main obstacles that companies have when integrating IoT and Big Data into their
business intelligence initiatives, such as security concerns, integration problems, and
data quality issues.

% To Test Hypotheses Using Advanced approaches: Examine how to test business
hypotheses and enhance decision-making in IoT-driven environments using advanced
analytics approaches, such as machine learning and artificial intelligence.

Business intelligence (BI) has been greatly affected by the rapid evolution of the Internet of
Things (IoT) and Big Data Analytics (BDA). However, there are still significant challenges for
companies in leveraging these technologies to inform strategic decisions. Key issues revolve
around developing a robust technological foundation for integrating IoT and BDA into BI
systems, as Rajeswaran, A. (2020)[44] highlights. Further, as Rajeswara, A. says. (2021)[45],
challenges in deploying machine learning models into business data analytics exist, such as
complexity and data quality. Karthikeyan, P. (2021)[46] addresses improved case-based
reasoning for forecasting workload in database systems. Poovendran, A. (2019)[47] examines
the covariance matrix method for attack detection in cloud environments. Poovendran, A.
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(2020)[48] addresses AES encryption to improve cloud data security. Sreekar, P. (2021)[49]
addresses security and privacy issues in vehicular cloud computing. Sreekar, P. (2020)[50]
explores budget-friendly big data mining through K-means clustering. Dharma, T.V.
(2023)[51] deals with cloud infrastructure optimization for big data processing.

The effective application of Big Data Analytics (BDA) and Internet of Things (IoT) for
strategic decision-making remains in the face of various challenges despite the growing
embedding of these technologies into Business Intelligence (BI) systems. An effective
technical groundwork for BDA in BI should be in place, as highlighted by prior research, as
illustrated by Naresh, K.R.P. (2021)[52]. In addition, to implement machine learning models
for commercial data analytics, Karthikeyan, P. (2020)[53] identifies long-standing challenges.
Mohan, R.S. (2020)[54] deals with data-driven employee retention. Dharma, T.V. (2022)[55]
deals with SHA algorithm for enhanced data security. Swapna, N. (2023)[56] strengthens cloud
data security with Triple DES. Bhavya, K. (2021)[57] deals with infant medical therapies.
Sitaraman, S. R. (2021)[58] deals with Al-based healthcare systems, and Sitaraman, S. R.
(2020)[59] streamlines healthcare data streams with real-time analytics.

2-LITERATURE SURVEY

An IoT-based Efficient Data Visualization Framework (IoT-EDVF) is put forth by Shao et al.
(2022) [1]to handle important Business Intelligence (BI) concerns such monitoring data
quality, integrating multiple data sources, and preventing data breaches. The framework
attempts to improve risk management, data analysis, and the caliber of financial data in order
to improve corporate finance analytics. The simulation findings indicate the effectiveness and
dependability of IoT-EDVF by showing a considerable improvement in performance with a
reduced response delay of 5 ms and a 29.42% gain in revenue analysis.

Ciampi et al. (2021)[2] investigate the relationship between Business Model Innovation (BMI)
and Big Data Analytics Capabilities (BDAC) via Entrepreneurial Orientation (EO). The study,
which makes use of the Dynamic Capabilities View (DCV), discovers that BDAC, a lower-
order dynamic capability, has a direct and indirect favorable impact on BMI; EO mediates this
association. The study adds to the body of knowledge on innovation management by
demonstrating how BDAC has a major impact on strategic objectives and value generation for
businesses and stakeholders. It does this by using fuzzy-set qualitative comparative analysis
and PLS-SEM to analyze survey data from 253 UK organizations.

Awan et al. (2021)[3] investigate how Big Data Analytics (BDA) might help businesses adopt
the circular economy (CE) and improve the quality of decision-making. According to their
study, which used partial least squares structural equation modeling to analyze data from 109
Czech manufacturing companies, decision-making quality is positively impacted by BDA
capability and business intelligence and analytics (BI&A), with the impact being stronger when
data-driven insights are applied. But rather than acting as a mediator in the relationship between
BDA capacity and decision-making quality, data-driven insights establish a link between
BI&A and decision-making quality. The results offer significant direction for managers who
aim to utilize data-driven insights within the context of the CE framework.
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Moumtzidis et al. (2022)[4] use the Technology Acceptance Model (TAM) to investigate how
Big Data Analytics (BDA) and the Internet of Things (IoT) affect the telecommunications
sector. Users are more likely to adopt these technologies if they believe them to be beneficial
and easy to use, according to a study that uses Multivariate Regression Analysis to analyze data
from 172 users. For BDA, benefits recognition depends on data quality, whereas for IoT, user
happiness depends on high-quality services. With a focus on practical and varied factors, the
research offers insights toward improving technology adoption.

The importance of digital transformation in company is examined by Bhatti et al. (2021)[5],
who highlight how it integrates digital technology to improve value delivery and promote
sustainable growth. Their study emphasizes the significance of big data, the Internet of Things,
and blockchain capabilities for corporate success by examining how these technologies affect
strategic performance in China's telecom industry.

Saide and Sheng (2020)[6] use data from 155 Indonesian companies to examine the function
of knowledge exploration-exploitation capabilities (KEEC) and big data analytics technology
(BDAT) in business process innovation (BPI). Their research reveals that although big data
knowledge management (BDKM) acts as a mediator between BDAT and BPI, BDAT has a
considerable impact on BPI even if it has no direct effect on it. KEEC is mediated by BDKM
and has a favorable impact on BPI. According to the report, in order to increase BPI, businesses
should concentrate on improving knowledge creation and BDAT. To further understand these
processes, future studies could examine various industries, economies, or environmental
environments.

In 2020, Shabbir and Gardezi [7](with an emphasis on the mediating function of knowledge
management practices; KMP)) present a model grounded in resource-based theory to
investigate the relationship between big data analytics (ABDA) and organizational
performance (OP) in small and medium-sized enterprises: SMEs. ABDA has a beneficial effect
on OP, and KMP mediates this association to some extent, according to their study, which
involved SMEs in Pakistan-administered Kashmir. Despite the possibility that its conclusions
won't apply to other regions, the study's use of the Baron-Kenny approach for mediation
analysis underlines both the strategic and practical implications for organizational decision-
making, particularly in developing nations.

Sun and Liu (2021)[8] fill up the knowledge gaps on business models (BMs) and how they
affect the creation of new products (NPD). They point out that existing research ignores the
ways in which various BM designs impact NPD performance and does not empirically examine
the ways in which organizations' big data analytics (BDA) capabilities mitigate these effects.
Their study looks into the relationship between BM efficiency and novelty designs and NPD
performance, as well as the part that BDA capabilities play in these relationships.

In business-to-business contexts, Shirazi et al. (2022)[9]investigate how innovative
organizations employ big data analytics (BDA) to improve value creation, specifically in new
product success and innovation performance. The inadequate comprehension of how these
companies and their corporate clients use BDA information to co-create better services and
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create new products is brought to light by them. The study highlights the fact that although
BDA can greatly increase customer agility, its precise mechanisms are still little known.

Mohindru et al. (2020)[10] discuss the transition from a host-centric communication
approach, where information is exchanged via devices like desktops and mobile phones, to an
information-centric Internet of Things (IoT) era. IoT represents a vast network of
interconnected physical objects that exchange data through standardized protocols, addressing
issues of compatibility and interoperability. These objects, which can be identified and
controlled uniquely, find applications across various fields such as environmental monitoring,
healthcare, and smart cities. The evolving landscape of IoT requires new architectures for
integrating devices, communication mediums, storage, and data analytics to derive actionable
intelligence and context-aware applications.

Park and Singh (2023)[11] discuss the two main issues that multinational corporations must
deal with: controlling increasing supply chain risks and utilizing massive amounts of data to
produce insightful analysis. In order to successfully anticipate and reduce supply chain risks,
their study explores how businesses can use Big Data Analytics (BDA) skills and an automated
risk alert tool.

Mamidala, V. (2021) [60]elaborates on the application of Secure Multi-Party Computation
(SMPC) to improve security in cloud computing platforms. The method provides data integrity
and confidentiality by enabling different parties to work together in a secure manner in a cloud-
based platform without revealing sensitive information. The research points towards the use of
SMPC to secure cloud infrastructure from cyber attacks, maintaining confidentiality while
processing sensitive data.

Poovendran, A. (2023)[61] discusses Al-driven data processing for future case investigation
technology. By embedding Al in data analysis systems, this study proves effective in
processing vast amounts of data to support advanced case investigation technologies. The
research aims to enhance the precision and speed of case investigations using Al to aid in
enhanced decision-making and help investigators analyze patterns and make sound decisions.

Sitaraman, S. R. (2023)[62] emphasizes Al value creation in healthcare through the
application of Turkey's national Al strategy and cognitive empathy scale, with the aim of
enhancing market performance and patient empowerment. The study evaluates the possibility
of transforming health systems through Al by enhancing patient experience and operational
effectiveness. Through the adoption of cognitive empathy within Al, it enhances tailored care,
thus patient satisfaction and better healthcare outcomes.

Mamidala, V. (2023)[63] outlines adaptation approaches to building resilience in the uncertain
environment, through an integrated multimodal approach. The research discusses several
strategies to enhance resilience across industries, emphasizing the capacity to cope with
evolving conditions. The strategy is universal for both business and technology contexts, where
uncertainty and quick change are the norms, providing remedies for organizations to build their
flexibility and long-term viability.

3.METHODOLOGY
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The methodology used in this study examines how Big Data Analytics (BDA) and Internet of
Things (IoT) are integrated inside the Business Intelligence (BI) framework using an organized
manner. This entails employing cutting-edge analytical tools to gather, process, and analyze
massive datasets produced by IoT devices. To validate theories about [oT-BI integration, the
study employs both qualitative and quantitative techniques, such as data mining, machine
learning algorithms, and predictive analytics. The focus is on resolving issues like security,
integration, and data quality.

CENTRALIZED DATA
WAREHOUSE

!

I ADVANCED ANALYTICS TOOLS ]

~+
>
e

Y ),
I Bl SYSTEMS I

I CONTINOUS IMPROVEMENT I

Figure 1. IoT-Big Data Analytics Integration Framework for Business Intelligence

This figure 1 shows how to combine Big Data Analytics with [oT data streams in a Business
Intelligence (BI) framework. It illustrates how information is gathered, processed, and kept in
a centralized data warehouse from Internet of Things devices. Then, using cutting-edge
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analytics techniques, useful insights are produced and sent back into the system for ongoing
enhancement. In order to improve the accuracy and efficiency of BI systems and to facilitate
real-time decision-making, this framework is essential.

3.1.DATA COLLECTION

Large amounts of data are gathered from different IoT devices integrated in the corporate
environment as part of the data collection process. Real-time data streams are produced by
these devices, which are then collected and kept in data warehouses. Because the data is in a
variety of formats—structured, semi-structured, and unstructured—it requires strong systems
for effective data management and storage before it can be processed for analysis and the
creation of insights.

' x—min(x)
" max (x)—-min(x)

)

It is essential to ensure that each characteristic contributes equally to the analysis by
normalizing the data to a scale between 0 and 1. This equation does just that.

3.2. DATA PROCESSING

Advanced methodologies for Big Data Analytics (BDA) are used in data processing.
Preprocessing is the process of cleaning, normalizing, and transforming the raw data obtained
from IoT devices into a format that is appropriate for analysis. To guarantee that the data is
actionable and produces accurate and trustworthy business insights, strategies such as data
mining and real-time processing frameworks are used.

3.4. HYPOTHESIS TESTING

Hypothesis testing involves applying statistical methods and machine learning algorithms to
validate the assumptions made about business processes and customer behavior. The processed
data is used to perform various tests, such as regression analysis and classification, to determine
the validity of the hypotheses, thereby facilitating data-driven decision-making in IoT-
enhanced Business Intelligence systems.

Y =PBo+ Bix1+ Baxy + o+ Ppxy t € ()

The relationship between the independent variables x_1, x 2,..., x_n and the dependent
variable y is represented by this equation. On the basis of input data, it is used to forecast
results.

3.5. DATA INTEGRATION

Integrating data from many IoT sources into a coherent and easily navigable system is the main
goal of data integration. This procedure makes sure that data from multiple sensors and
devices—which can be in different formats—are harmonized and made available for
examination. In order to solve integration problems like data consistency and conflict
resolution, advanced algorithms and middleware technologies are used.

Dt = f(DliDZ' ""Dn) (3)
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The integration of several data sources D;, D,,..., D,, into a single dataset D; is represented by
this function, which is essential for thorough data analysis.

Algorithm 1: IoT Data Processing and Analysis
Input: IoT data streams D1,D2,....DnD_1, D 2,\dots, D nD1,D2,...,.Dn

Output: Processed and analyzed data for BI
Begin
For each data stream D; in Dy, D5, ..., D,, :

If D; is unstructured:

Apply preprocessing (cleaning, normalization).
Else:
Directly store D; in the data warehouse.

End For

Data Integration: Combine all preprocessed data D, D,, ..., D,, using the Data Integration
Function D;.

Apply Machine Learning models (e.g., regression, classification) on D; to test hypotheses.
If error rate > threshold:
Re-tune the model parameters.
Re-run the analysis.
Else:
Proceed to insight generation.
Return final analyzed dataset.

End

The procedures for processing loT data streams, such as preprocessing, integration, and
machine learning analysis, are described in this algorithm 1. It guarantees that information is
organized and examined methodically in order to facilitate efficient business intelligence.

3.6. Performance Metrics Table

TABLE 1. Key Performance Metrics for loT-Enhanced Business Intelligence Systems

Metric Point Value
Data Processing Speed 8
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Data Integration 9
Efficiency
Hypothesis Testing 9
Accuracy
Prediction Accuracy 10
Data Consistency 8
Real-time Processing 9
Data Security 7
System Scalability 8

Important components of the suggested approach to combining loT, Big Data Analytics, and
Business Intelligence are assessed in the performance metrics table 1. Eight key parameters are
displayed in the table, including prediction accuracy, integration efficiency, speed at which
data is processed, and accuracy of hypothesis testing. High scores in these domains show how
well the approach processes and analyzes big datasets, keeps data consistent, and delivers
precise, in-the-moment insights while guaranteeing security and scalability. Taken as a whole,
these metrics highlight how well the suggested approach improves business intelligence.

4. RESULT AND DISCUSSION

Across several criteria, the suggested [oT-BDA integrated BI architecture performs better than
the conventional approaches (SmartPLS, SPSS, and PLS-SEM). Notably, the framework
received the highest ratings in real-time processing (9), prediction accuracy (10), and
hypothesis testing accuracy (9), indicating its successful handling of large-scale dynamic data
settings. Modern BI systems can benefit greatly from the enhanced data processing speed (8)
and system scalability (8) that come with the inclusion of [oT data streams and sophisticated
machine learning algorithms.

An ablation investigation validated the crucial function of every element within the structure.
Accuracy suffered when real-time data processing was removed, while processing speed and
scalability were severely constrained when machine learning techniques were not present.
These results highlight the need for an integrated strategy to sustain high performance by all
measures.Practically speaking, this architecture provides significant gains in decision-making
capabilities, security, and data consistency. It gives companies the means to use IoT data for
real-time insights, leading to better informed strategic choices and improved operational
effectiveness.

TABLE 2. Performance Comparison of Traditional Analytical Methods and Advanced
IoT-Driven BI Techniques

Method SmartPLS SPSS [2020] PLS-SEM Proposed
[2020] [2020] Method
Data Processing 6 7 7 8
Speed
Data Integration 6 7 8 9
Efficiency
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Hypothesis 7 8 8 9
Testing
Accuracy
Prediction 7 8 8 10
Accuracy
Data 6 7 7 8
Consistency
Real-time 5 6 6 9
Processing
Data Security 6 7 6 7
System 5 6 7 8
Scalability

The suggested technique is compared with eight crucial performance areas' worth of traditional
methods (SmartPLS, SPSS, and PLS-SEM) in the comparison table 2. Because of its expanded
capabilities, the proposed method regularly performs better than the old methodologies,
especially in terms of prediction accuracy, integration efficiency, and speed of data processing.
The approach is more appropriate for managing the large-scale, dynamic data environments
found in IoT-driven business intelligence applications, as evidenced by the higher scores for
real-time processing and system scalability. It also offers a more reliable and efficient
analytical framework than more conventional approaches.

=SmartPLS [2020] = SPSS [2020] =PLS-SEM [2020] = Proposed Method

35

30

BiERg
» B B 2 = B
-8 B B BB
10 7 7 - - 7
B B B B B
= = = = =

Data Data Hypothesis Prediction Data Real-time Data System

Processing Integration Testing Accuracy Consistency Processing Security Scalability
Speed Efficiency Accuracy

Figure 2 Performance Comparison Between Traditional and IoT-Driven BI Techniques

Figure 2 shows a comparison between the suggested loT-BDA integrated BI methodology and
conventional analytical techniques like SmartPLS, SPSS, and PLS-SEM. The comparison is
predicated on important performance indicators, such as real-time processing, integration
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effectiveness, speed at which data is processed, and accuracy of hypothesis testing. The
suggested solution continuously beats conventional techniques, demonstrating its superior
capacity to manage dynamic and large-scale data settings.

TABLE 3. Ablation Study on IoT-Big Data Analytics Integration for Business

Intelligence
Component Processing Integration Accuracy Scalability
Removed Speed Efficiency
[oT Data 5 6 6 6
Stream
Preprocessing
Machine 4 5 4 5
Learning
Algorithms
Real-time Data 3 5 5 4
Processing
Data Integration 4 4 5 5
Framework

The suggested IoT-Big Data Analytics integration framework's influence on different
performance indicators is assessed by the ablation study table 3. Every element makes a
substantial contribution to the overall performance of the system. For example, eliminating
machine learning methods results in significantly lower accuracy, and speed and scalability are
impacted when real-time data processing is not there. The table highlights the need for an
integrated strategy by showing how each component is critical to high performance in
processing speed, accuracy, scalability, and integration efficiency.

7
6
5
4
3 6
5 5

2 4
1
0

IoT Data Stream Machine Learning Real-time Data Processing Data Integration

Preprocessing Algorithms Framework
H Processing Speed = Integration Efficiency = Accuracy Scalability

Figure 3. Impact of Component Removal on IoT-Big Data Analytics Integration

237



‘ir‘ ISSN 2347-3657
. International Journal of

Information Technology & Computer Engineering Volume 12, Issue 4, 2024

Figure 3 presents ablation research that assesses the effects of deleting important elements from
the IoT-BDA integration architecture (such as machine learning algorithms and real-time data
processing). The study shows that every component, especially in terms of processing speed,
integration efficiency, and scalability, greatly affects the system's overall performance. The
outcomes highlight how crucial a fully integrated strategy is to preserving BI system
performance at a high level.

5-CONCLUSION AND FUTURE SCOPE

There are several benefits to integrating Big Data Analytics and IoT inside a business
intelligence framework over more conventional approaches, especially regarding real-time
processing, data integration effectiveness, and forecast accuracy. This study shows how
utilising these cutting-edge technologies can result in decision-making systems that are more
scalable and accurate, giving firms a competitive advantage. The ablation study highlights the
necessity of an integrated approach to BI by confirming the crucial role that each component
plays in attaining optimal performance. Subsequent investigations may delve into utilising this
structure in diverse sectors, financial systems, and ecological settings. Further research on the
effects of cutting-edge technologies like blockchain and artificial intelligence on IoT-BDA
integration may also improve the functionality and scalability of business intelligence systems.
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