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Abstract— Microsoft Power BI is an advanced business intelligence tool that enables
organizations to convert raw data into actionable insights through interactive dashboards and
dynamic visualizations. This paper presents an in-depth evaluation of Power BI’s capabilities in
enhancing visual analysis for decision-making across various sectors, including supply chain
management, business strategy, human resource analytics, and healthcare. Through case
studies and a comprehensive methodology, this paper demonstrates how Power BI aids in real-
time data analysis, supports operational efficiency, and drives strategic decisions. By
integrating Power BI with advanced data management tools, businesses can improve
operational performance, enhance data literacy, and foster data-driven decision-making
processes. The challenges of data quality, integration, and user adoption are addressed, and the
paper concludes with future research directions on the integration of machine learning and
predictive analytics within Power BI.

Index Terms—Visual Analysis, Power BI, Data Analytics, Business Intelligence, Interactive
Visualization, Data-Driven Decision Making.

1. INTRODUCTION

In today's data-driven world, organizations increasingly rely on advanced analytics and visualization tools to
optimize operations, enhance decision-making, and drive business intelligence. One of the most powerful tools
in this domain is Microsoft Power BI, a comprehensive platform that enables users to transform raw data into
actionable insights through interactive dashboards and real-time analytics. Power Bl's ability to integrate data
from multiple sources, process large datasets efficiently, and provide dynamic visualizations has made it an
essential tool for industries such as supply chain management, business strategy, human resource analytics,
healthcare, and education.

Supply chain management has particularly benefited from the implementation of Power BI. By leveraging real-
time data analytics, businesses can enhance operational efficiency, predict disruptions, and optimize inventory
management. Muralidhar et al. [1] explored how real-time data visualization using Power BI significantly
improves supply chain performance by enabling better decision-making and transparency. Similarly, Cumano
and Sharma [2] highlighted the role of Power BI in post-pandemic supply chain recovery, emphasizing its ability
to provide real-time insights into logistical bottlenecks and demand fluctuations. Moreover, Cumano et al. [3]
demonstrated the application of Power BI dashboards in supply chain performance management, showcasing its
effectiveness in streamlining operations and improving overall efficiency.
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Fig.1 Stages of developing a Power BI model.

Beyond supply chains, Power BI plays a crucial role in business intelligence and strategy formulation. Dr. Kallal
Banerjee et al. [4] discussed how organizations can leverage Power BI for enhanced data visualization, leading
to improved strategic decision-making. Gongalves et al. [5] also examined how Power BI dashboards facilitate
business strategy recommendations by offering clear, data-driven insights. Similarly, Gurav et al. [6]
demonstrated how integrated performance dashboards built on Power BI enhance corporate decision-making and

operational effectiveness.
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Fig.1 Stages of Developing a Power BI Model

Power BI's impact extends to other critical areas such as human resource management and healthcare. Ameer et
al. and Almobark [7,8] investigated how Power BI enhances human resource analytics, improving workforce
planning and performance evaluation. Additionally, Murugan et al. [9] explored its application in patient
monitoring systems, showcasing how real-time data visualization can enhance healthcare efficiency. In the
education sector, Llaha and Aliu, Nabil [10,11] applied Power BI to evaluate student performance,
demonstrating its potential in academic analytics.

As organizations continue to embrace digital transformation, the role of Power BI in data analytics and
visualization is expected to grow. Its ability to provide real-time, data-driven insights makes it an indispensable
tool across multiple industries, revolutionizing decision-making and strategic planning.

II. BACKGROUND

Power BI is a suite of self-service BI tools to analyze data and share insights. Power BI has four different
products i.e., Power BI Desktop, Power BI Service, Power BI Report Server and Power BI Mobile app and every
single product has its own capabilities and limitations. The flowchart below illustrates all phases involved in the
headway of a Business Intelligence (BI) solution.

A. Diverse Products of Power Bl

» Power BI Desktop: Power BI Desktop is a desktop program that can be installed on a computer after being
downloaded from the internet. Users can use it to compile data from several sources, input raw data,
transform that data into insights, build data models, and generate visually appealing reports.

Although dashboards may only be created and shared within the Power BI service, users can still produce
reports and visualizations with Power BI Desktop.

» Power BI Service: The Windows Azure Cloud platform created this service, which includes security.
Sharing your work with coworkers and other interested stakeholders via the Power BI dashboard is
definitely doable when you take advantage of the Power BI Service Additionally, it makes it possible to
design workplaces in which you can collaboratively develop reports. This service does not have the ability
to generate or alter the data model, but it does accept data flow operations to edit the dataset.

» Power BI Report Server: A local report server, the Report Server can deliver RDL paginated reports, MS-
Excel files, and PBIX reports. This also has a web gateway that can be used to show Key Performance
Indicators and other reports.

» Power BI Mobile: The Power BI mobile apps will display all of the dashboards and reports you generate,
whether they are locally stored or stored in the cloud. Devices running Windows, Android, or iOS (iPad,
iPhone, iPod Touch, or Apple Watch) can see these dashboards and reports.

B. Visual Analysis

Visual analysis involves the use of graphical representations to explore and understand data. It combines
principles of data visualization, statistical analysis, and human-computer interaction to provide an intuitive way
to interpret complex datasets. Effective visual analysis helps uncover patterns, trends, and outliers, facilitating
better decision-making.
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C. Business Intelligence Tools

BI tools empower managements to collect, process, and analyze data to support business decisions. These tools
provide capabilities such as data integration, reporting, and visualization. Power BI, developed by Microsoft, is a
widely used BI tool recognized for its simple interface, robust features, and amalgamated integration with
various data sources.

D. Microsoft Power BI

Power Bl is a set of tools designed for business analytics which provide insights across the entire organization. It
has got features to preparation, analysis, and visualization data in the form of dashboards. Power BI is suitable
for importing data from a comprehensive set of sources, including MS-Excel, SQL Server, and various cloud
services. It provides collaborative visualizations and instantaneous analytics hence making it useful when doing
analysis with the help of visual aids. Fig 2. Depicts the Architecture of POWER BI.
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Fig 2. Power BI Architecture

E. Why to choose Power Bi Over MS-Excel

Store and analyze huge amounts of data smoothly: With powerful compression algorithms to import and cache
the data within the PBIX file, it can easily handle huge databases. On the other hand, MS-Excel struggles even in
opening a file having few hundred thousand of rows. Whereas Power BI finds data insights and show trends in
minutes: With built-in time intelligence functions, analyzing large datasets and identifying trends becomes much
easier.

F. User-Oriented Report Interface

It's just about drag and drop of the fields when it comes to create impressive visualizations. Even a complex
report with diverse visualizations won't take more than 10 to 20 mins to create. With just a few clicks, you may
quickly import a custom visualization from a library that provides hundreds of substitutions if you think the pre-
enabled visuals are insufficient.

G. Publishing and Sharing the Report

Just by hitting the publish button, one can publish the report on Power BI service and whosoever has access to it
can view the updated report or dashboard always. On the other hand, in MS-Excel, one need to send emails or
putting in the share drive or share point and telling them that we have updated the file.

H. Defining Roles

Power BI provides the capability to establish roles that ensure individuals from various departments or locations
can access only their relevant data, a feature that is not available in MS-Excel.

III. METHODOLOGY

This study adopts a comprehensive approach to evaluate Power BI’s role in visual analysis by focusing on
several key stages of data analysis and visualization. The methodology consists of the following steps:

A. Data Collection and Preparation

The first step involves gathering data from various sources, including SQL databases, Excel files, and cloud
services. Data preparation is crucial to ensure the accuracy and relevance of the information, involving steps
such as data cleaning, transformation, and validation. Power BI provides powerful tools such as Power Query to
facilitate this process, allowing for the integration of diverse data sources into a unified dataset.
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B. Data Modeling

Data modeling in Power BI involves defining relationships between data sets, creating calculated columns, and
structuring the data for analysis. This process ensures that the data is organized in a way that facilitates
meaningful visual analysis.

C. Visualization Design

Power BI offers a wide range of visualization options, including tables, charts, maps, and graphs. The choice of
visualization depends on the type of data being analyzed and the objectives of the analysis. Power BI’s
interactive features, such as drill-downs and filtering, enhance user engagement and allow for deeper insights
into the data.

D. Dashboard Creation

A key feature of Power BI is its ability to create dashboards, which consolidate multiple reports and
visualizations into a single view. Dashboards provide a comprehensive overview of key metrics and performance
indicators, enabling stakeholders to make quick, informed decisions. Dashboards can be easily shared across
teams and departments, promoting collaboration and transparency.

E. Data Analysis and Interpretation

After creating the visualizations and dashboards, the final step is data analysis. Power BI’s integration with
advanced calculation tools such as DAX (Data Analysis Expressions) and Power Query allows for the
development of custom metrics and deeper data analysis. These tools provide the flexibility to perform complex
calculations, uncover hidden patterns, and generate actionable insights.
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Fig.3 OEE Dashboard for Equipment’s Performance Fig. 4 Performance Comparison with and Without Power BI for OEE Analysis

IV. CASE STUDY

A. Integrating Power Bl with OEFE indicators

Connecting OEE indicators to Power BI A multinational company that led the market for plant-based food
production and spreads required assistance with an OEE research. Antdata was tasked with putting in place a
comprehensive business intelligence platform that would allow for the creation and evaluation of the OEE
indicator, which would provide a percentage picture of the effectiveness of machinery usage. The problem was
that 15 plants from all around the world provided the data, and each one used a different reporting technique.
Power Query's integration of multiple systems has produced substantial proof of the consistency of analysis and
the standardization of high-quality data. data and the consistency of analysis. It's because of deployment with a
Power BI solution that the clear, current, and easily available view of the effectiveness of specific lines in the
factories—downtime, really—enabled us to focus on what needed to be changed in order to add value to the
business. In doing so, their performance improved from ground zero, be it global or at a particular manufacturing
line level. The integration of Power BI for OEE analysis significantly improved operational efficiency, data
standardization, and decision-making across 15 global manufacturing plants. By consolidating multiple reporting
systems, real-time insights into machine availability, production efficiency, and quality metrics were achieved,
reducing downtime by 10-20%, increasing production speed by 5-15%, and lowering defect rates by 8-12%.
The implementation enabled 50% faster identification of inefficiencies, leading to more strategic planning and a
5-10% boost in overall production output. Standardized data analysis enhanced collaboration across plants,
ensuring consistent performance benchmarking. Ultimately, Power BI empowered the organization with a clear,
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data-driven approach to optimizing manufacturing efficiency, reducing costs, and improving product quality. Fig
3 & Fig 4 above represent the OEE Dashboard and Performance comparison respectively

Above table compares overall efficiency before and after Power BI implementation:

» Inefficiency Detection Speed improved by 50%, making issue identification much faster.

»  Opverall Production Output increased by 10%, boosting manufacturing performance.

Quantitative Evaluation

TABLE 1. OEE CASE STUDY — BEFORE VS AFTER POWER BI DEPLOYMENT

Metric (per day, n = | Legacy System | Power BI (Mean+ | Mean Difference | Test (t / | p-value Effect Size
30) (Mean = SD) SD) (95% CI) Wilcoxon) (Cohen’s d)
OEE (%) 67.34£3.15 72.16 £3.57 4.82 ([4.30, 5.34]) paired t-test 0.0000 3.45

Downtime 120.26 £19.84 85.42 £22.08 —34.84 ([-37.55, | paired t-test 0.0000 -4.79

(min/day) —32.12])

Throughput 446.20 +40.97 489.55 +39.69 43.35 ([39.10, | paired t-test 0.0000 3.81

(units/hour) 47.59])

B. Optimizing Invoice Management with Power BI: A Data-Driven Approach

In the modern-day business backdrop, companies working in the business intelligence sector often bank on
multiple web-based services and subscriptions, making invoice tracking and cost management increasingly
complex. Power BI integration provides a robust solution by unifying financial data from diverse sources,
facilitating real-time analysis, and enhancing invoice processing efficiency. Through the automation of data
collection and reporting using Python scripts and Power Automate, the organization achieved significant
operational efficiencies, reducing manual tracking efforts and enhancing financial transparency. The
implementation of interactive dashboards facilitated in-depth cost analysis, trend identification, and subscription
monitoring, ensuring optimal resource allocation and expense control. By leveraging Power BI’s advanced
visualization tools, stakeholders gained actionable insights into spending patterns, allowing for data-driven
decision-making and improved financial oversight. This case study highlights the transformative potential of
business intelligence tools in modern financial management, demonstrating the critical role of automation and
real-time analytics in optimizing organizational efficiency and cost-effectiveness. Supervising invoices in the
modern world can somewhat be clumsy. For instance, let us consider an organization that works in the business
intelligence niche and uses many kinds of Worldwide web and subscriptions. All this, in a growing organization,
becomes a headache to track. Fortunately, when it comes to Power BI reporting, you can pull all the data at once,
make comparisons regarding the costs of multiple services and subscriptions.
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Fig.5 Time Consumption Power BI vs Manual

It makes it possible to achieve more efficient processing of invoices and prepare clear reports on the clients’
activity, as well as a complete report for a specific time interval. The implementation of Power BI allows for the
straightforward extraction and aggregation of data from a variety of file types sourced from multiple origins,
serving as one of its direct and highly beneficial outcomes. Moreover, as we have generated several Python
scripts and employed the Power Automate service, we succeeded in the automation of the whole data collection
and processing pipelines. Such tools as graphs and charts are applied by the dashboard for that purpose. They
assist in showing the purchase patterns per month, the unit cost average, the way the purchases, and the crucial
ones made in a given period. These easily allow one to grasp the information especially when this is voluminous
and complex.
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TABLE II. INVOICE MANAGEMENT EVALUATION

Metric (per day, n = | Legacy System | Power Bl Workflow | Mean Test (t /| p-value | Effect Size

30) (Mean = SD) (Mean = SD) Difference Wilcoxon) (Cohen’s d)
(95% CI)

Invoice Processing | 14.82+2.10 7.45+1.85 =737 ([-8.10, | paired t-test 0.0000 | —3.95

Time (min/invoice) —6.64])

Manual Intervention | 22.60 +4.25 8.15+3.80 —14.45 ([-16.32, | paired t-test 0.0000 | —4.11

Rate (%) —12.58])

Error Rate in Cost | 5.10+1.45 1.95+£0.95 =3.15 ([-3.74, | paired t-test 0.0000 | —3.25

Allocation (%) —2.56])

TABLE III. COMPARATIVE BENCHMARKING OF BI TOOLS ACROSS DATASETS

Dat.aset Metric Power BI Tableau QIik Sense Looker Statistical Test (p-
Size value)

Query latency (ms, median / 95th pct) 120 /230 140 /260 130 /240 150/300 (piNOO()\(I)[(?Z)

IM . ANOVA
rows Refresh time (s) 18 22 20 30 (p = 0.0005)
Memory usage (MB) 800 950 900 1100 (p‘iNOOO\(’)‘;)
Query latency (ms, median / 95th pct) | 350/ 620 420/700 390 /650 410/780 (pA:N()O()\(I)I(?l)

10M . ANOVA
rows Refresh time (s) 120 150 140 210 (p = 0.0003)
Memory usage (MB) 4,200 5,000 4,700 6.200 (p‘iNOOO\(’)‘gg)

. ANOVA
Query latency (ms, median / 95th pet) | 980 /1,450 | 1,120/1,650 | 1,050/ 1,500 | 1,300 /2,100 (0 = 0.0001)

50M . ANOVA
rows Refresh time (s) 650 780 720 1,200 (p = 0.0002)
Memory usage (MB) 21,000 25,000 23,000 30,000 (pA:NOO 0\(1)134)

From the Fig 5 above chart comparing efficiency before and after Power BI implementation for invoice
management. Key improvements include:

70% reduction in manual tracking efforts.

40% faster invoice processing.

8-15% lower unnecessary expenses.

10-20% potential savings through service plan optimization.

30% easier analysis of purchase trends.

60% faster data collection.

90% elimination of manual errors.

50% improved financial visibility.
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V. CHALLENGES AND SOLUTIONS

Data Quality: According to the existing literature, one of the significant hindrances faced in the process of visual
analysis is data quality. Therefore, inaccurate and incomplete data may take the research up to misleading
information. To avoid this, we incorporated data cleaning and validation in this approach so as to get relevant
and accurate data for use in Power BI.

Data Integration: There are instances when integrating data from various sources presents challenges due to
differences in formats and structures. To address the issues associated with data integration, tools such as Power
BI can be utilized, along with transformation tools that facilitate the integration process within Power BI.
Performance Optimization: Big data affects the usability and functionality of the visualizations and dashboards
in some way. Computing overhead was kept to the bare minimum by using the likes of data accumulation,
indexing and other related optimization techniques in data modeling. Other factors that had a positive impact on
improvement of performance were the Power BI features such as in-memory processing and direct query.

User Adoption: Another concern was to increase the level of user adoption of the new developed visual analysis
tools. In response, we offered training and assistance, especially in explaining the use of Power BI in analysis
and decision making. Social interfaces and enhanced interactivity also made a positive difference in users’
patronage.
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VI. CONCLUSION

This paper presented a novel approach to visual analysis using Power BI, showcasing its capabilities, benefits,
and applications through a detailed case study. Power BI's robust features and interactive visualizations enable
organizations to transform raw data into actionable insights, improving decision-making processes and business
performance. The methodology outlined in this paper can be applied to various domains, offering a framework
for effective visual analysis. Despite challenges related to data quality, integration, and user adoption, Power BI
serves as a robust tool for enhancing analytics and deriving deeper insights from complex datasets. Future
advancements may explore the integration of machine learning and predictive modeling to further elevate its
analytical potential.
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