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Abstract

The increasing influx of data in the contemporary business landscape underscores
the crucial role of Data Visualization in enabling companies to extract meaning-
ful insights and make informed decisions. As organisations struggle with ever-
expanding data sets from diverse sources, effectively visualising and interpreting
this information becomes essential. Data Visualization enhances understanding
and facilitates the dissemination of complex insights within the organisation hier-
archy.

This thesis aims to explore the key role of Data Visualization by comprehensively
evaluating the various data visualisation tools available to enterprises. The pri-
mary objective was the identification of the most suitable tool to facilitate decision-
making processes and improve operational efficiency. This study investigated two
of the leading Data Visualization tools in the Business Intelligence market, Power
BI and Tableau. Through a qualitative analysis, their respective features, function-
ality, and performance metrics were evaluated. Power BI stood out as one of the
most effective data visualisation tools due to its extensive capabilities, user-friendly
interface, and seamless integration due to its belonging to the Microsoft ecosystem.

The potential of the Power BI software was tested on the Umbria Aerospace
Cluster, a consortium of 40 companies located in the Umbria region. Whereas the
Cluster previously relied on conventional data analysis and monitoring methodolo-
gies, which often resulted in static and time-consuming processes, with the imple-
mentation of Power BI, the Cluster’s database has experienced a significant increase
in dynamism and operational efficiency. By harnessing Power BI’s advanced visu-
alisation features, the Umbria Aerospace Cluster gained invaluable insights into its
operational landscape, identified optimisation opportunities, and steered decision-
making processes grounded in data-driven intelligence.

In conclusion, this thesis has highlighted how the interactive dashboards pro-
vided by Power BI can enable stakeholders to intuitively explore data, unveil latent
trends and decipher intricate patterns.
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Chapter 1

Introduction

In today’s dynamic business environment, companies are increasingly recognizing

the importance of leveraging data to drive their growth and success. The growing

amount of data available highlights the importance of Business Intelligence (BI), a

powerful tool that empowers companies to uncover valuable insights from complex

datasets. BI encompasses a range of processes and technologies aimed at collecting,

analyzing, and visualizing data to facilitate strategic decision-making within com-

panies. By transforming raw data into actionable insights, BI enables companies

to optimize their operations, identify new opportunities, mitigate risks, and adapt

to market shifts

Central to the BI ecosystem are Data Visualization tools, which serve as intuitive

platforms for interpreting and communicating data effectively. Data Visualization

not only aids in understanding the data but also simplifies the communication of

intricate insights throughout the organization’s structure. According to literature,

among the available tools Power BI and Tableau emerge as prominent contenders,

offering robust features and capabilities to create interactive dashboards and re-

ports. In this thesis work, it was decided to focus on Power BI, examining its

functionality and exploring how its integration can enrich the organizational envi-

ronment. To emphasize the benefits of using Power BI in comparison with other
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Introduction

tools available on the market, it was decided to conduct a thorough comparative

analysis with its main competitor, Tableau. In particular, differences in terms

of structure and services offered were evaluated by emphasizing for both software

strengths and weaknesses. Through this benchmark, the research endeavors to offer

valuable insights into selecting the most suitable data visualization tool to meet the

diverse needs of users and organizations.

Moreover, the selected tool, which is deemed most suitable based on factors like

ease of implementation, compatibility with existing infrastructure, and advanced

collaboration features, is employed for conducting an economic evaluation of an

aerospace industry cluster called Umbria Aerospace Cluster. The aerospace sec-

tor, characterized by its emphasis on precision, efficiency and innovation, presents

unique challenges such as stringent regulatory standards, intricate supply chains

and rapidly changing market landscapes. In this demanding environment, the ef-

fective use of Business Intelligence and Data Visualization tools is of immense im-

portance. Leveraging the insights derived from data analysis is crucial for aerospace

companies to achieve operational excellence and make strategic decisions that drive

growth. Through the integration of Power BI, it has been possible to revolutionize

a once static report, which heavily relied on charts from different sources as Excel

and secondary data. Previously, the creation and updates of this report were labo-

rious and time-consuming. However, Power BI transformed this process, making

it dynamic and interactive. It not only simplified report creation but also enabled

real-time updates, overcoming the challenges of inefficiency and stillness associated

with traditional methods.
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Chapter 2

Business Intelligence for

companies’ strategy

In today’s rapidly evolving business landscape, marked by the pervasive influence

of digital technologies and the relentless pursuit of competitive advantage, for busi-

nesses it’s crucial to pay utmost attention to the data they possess and to be able

to extract meaningful insights from it.

Companies find themselves immersed in a sea of information streaming in from

diverse sources such as customer interactions, sales transactions, social media plat-

forms, IoT devices, and more. This deluge of data presents both opportunities and

challenges for firms.

On one hand, the abundance of data offers immense potential for gaining valu-

able insights into customer behavior, market trends, operational efficiencies, and

strategic opportunities. Analyzing this data can unveil hidden patterns, correla-

tions, and predictive indicators that can inform critical business decisions and drive

innovation. However, on the other hand, the sheer volume, velocity, and variety of

data can overwhelm organizations, making it difficult to effectively manage, pro-

cess, and derive actionable insights from it. Many companies struggle with data

silos, disparate data formats, inconsistent data quality, and legacy systems that

7



Business Intelligence for companies’ strategy

hinder their ability to harness the full potential of their data assets.

Moreover, as data privacy regulations become increasingly stringent and cy-

bersecurity threats proliferate, companies must also grapple with the challenge of

ensuring data security, compliance, and integrity throughout the data lifecycle.

So, data is the most important asset a company possesses, but at the same

time, deriving a competitive advantage from it is anything but simple. As com-

panies straggling with huge volume and high complexity of data at their disposal,

traditional methods of data processing and decision-making proved inadequate.

Manual data collection and analysis were time-consuming, error-prone, and often

failed to deliver timely insights to support strategic decision-making.

The concept of Big Data refers to data sets so large, complex, and fast that

they become difficult to handle with traditional data processing tools. Doug Laney

introduced the so called Five V’s, a conceptual framework for understanding and

managing the challenges associated with data management and analysis in business

contexts affected by Big Data issue.

• Volume: it refers to the vast quantities of data generated and collected by

organizations, stemming from diverse sources such as transactions, interac-

tions, and sensor feeds. The exponential growth in data volume necessitates

scalable infrastructure and storage solutions to accommodate the burgeoning

data landscape. Effective management of data volume entails the deployment

of distributed computing architectures and storage systems.

• Velocity: it denotes the speed at which data is generated, processed, and

analyzed in real-time or near real-time [12]. This is crucial to enable organi-

zations to derive actionable insights and respond promptly to dynamic mar-

ket conditions. To address the challenges posed by data velocity, businesses

must invest in high-performance computing resources, stream processing tech-

nologies, and event-driven architectures to enable timely data processing and

8



Business Intelligence for companies’ strategy

decision-making.

• Variety: it emphasizes the need to manage a wide range of data types and

formats, including structured, unstructured, and semi-structured data. This

heterogeneity poses challenges in terms of data integration, interoperability,

and analysis. Advanced analytics techniques such as natural language pro-

cessing (NLP), text mining, and machine learning algorithms are instrumental

in extracting meaningful insights from disparate data sources.

• Value: it concentrates on the value that data can provide to the company

when transformed into meaningful insights. The concrete result is achieved

only when data are transformed into valuable information from which to

derive knowledge in order to make targeted decisions that can be translated

into oriented actions, activities and choices. To do this requires analytical

tools.

• Veracity: it refers to the accuracy, reliability, and trustworthiness of data.

Data governance frameworks, data quality assurance mechanisms, and meta-

data management practices play pivotal roles in mitigating risks related to

data inaccuracies, inconsistencies, and biases.

In response, organizations began to explore innovative approaches to data man-

agement and analysis. The concept of Business Intelligence (BI) emerged as a

comprehensive solution to the challenges posed by the abundance of data.

The term Business Intelligence was initially coined in the mid-1990s by the

Gartner Group, a prominent global information technology firm. In September

1996, Gartner Group reports characterized Business Intelligence within forward-

thinking enterprises as encompassing "information and applications accessible widely

to employees, consultants, customers, suppliers, and the public." In the competitive

landscape of contemporary markets, maintaining a competitive edge necessitates
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Figure 2.1: Model of Five V [4]

proactive measures. Effective decision-making in business contexts relies on more

than just intuition; it demands access to accurate and up-to-date information [7].

The concept of Business Intelligence encompasses two distinct but interrelated

definitions: one as a business process and the other as a technology-driven approach.

In the literature, Business intelligence is quoted as the process of converting data

into information, which is subsequently transformed into knowledge [6]. By in-

tegrating advanced analytics tools, data visualization techniques, and robust data

governance frameworks, Business Intelligence enables organizations to harness the

power of their data to drive informed decision-making and gain a competitive edge

in the marketplace.

At its core, Business Intelligence involves a range of technologies and methodolo-

gies designed to collect, organize, analyze, and visualize data in a meaningful and

actionable way. Moreover, Business Intelligence goes beyond mere data analysis

to encompass the broader goal of fostering a data-driven culture within organiza-

tions. By promoting data literacy, encouraging collaboration across departments,

and aligning data initiatives with strategic objectives, BI empowers organizations

to leverage their data as a strategic asset and drive continuous improvement and

innovation.
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It is possible to represent the Business Information System in a graphical way

through the Anthony’s Pyramid, a framework for understanding the different levels

of decision-making within an organization, the corresponding roles and responsibil-

ities associated with each tier. The Anthony’s Pyramid, introduced by Robert J.

Anthony, is a conceptual model that elucidates how BI tools and techniques cater

to decision-making needs across three primary organizational tiers: operational

decisions, management decisions and strategic decisions.

Figure 2.2: Anthony’s Pyramid (own reworking)

- At the base of the pyramid are operational decisions, which pertain to day-

to-day activities and are typically made by frontline employees. These decisions

are focused on executing tasks and processes to ensure the smooth functioning of

the organization’s operations. At the operational level, BI facilitates real-time data

analysis and reporting to support day-to-day decisions.

- Moving up the pyramid, the middle tier encompasses management decisions,

which are made by mid-level managers responsible for overseeing departments or

functional areas within the organization. Within the management tier, BI empow-

ers mid-level managers with comprehensive analytics and performance metrics to

make informed decisions regarding resource allocation, process optimization, and

performance improvement initiatives.

- At the top of the pyramid are strategic decisions, which are made by top-

level executives and leaders of the organization. At the strategic level, BI supports
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top-level executives in formulating long-term organizational strategies, identifying

market opportunities and mitigating potential risks. Strategic BI capabilities en-

compass predictive analytics, scenario modeling and data-driven insights to guide

strategic planning and business development initiatives.

There are four fundamental steps that organizations typically follow to harness

the power of data effectively through Business Intelligence: data collection, data

visualization, data analysis, and performance monitoring.

The first step involves data collection, wherein organizations gather relevant

data from various internal and external sources, such as interviews or survey. The

goal is to compile a comprehensive dataset that provides insights into different

aspects of the business environment.

Once the data is collected, the next step is visualization. This involves trans-

forming raw data into meaningful visual representations such as charts, graphs,

dashboards, and reports. Visualization techniques enable stakeholders to gain a

clear understanding of trends, patterns, and relationships within the data, making

it easier to identify key insights.

Following visualization, organizations proceed to data analysis. This step in-

volves applying statistical techniques and data mining algorithms to uncover action-

able insights from the dataset in order to identify trends, correlations, and outliers

that may impact business performance. This deeper understanding of the data

enables organizations to make strategic decisions and optimize their operations.

Finally, the last step is monitoring. Continuous monitoring of Key Performance

Indicators (KPIs) and metrics is essential to track the effectiveness of business

strategies and initiatives. By monitoring data in real-time or on a regular basis,

organizations can identify emerging trends, detect anomalies and respond promptly

to changes in the business environment.
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2.1 Business Intelligence Architecure

2.1.1 Data Collection and Storing

In the field of Business Intelligence, data collecting comprises a wide range of inputs

required to provide relevant insights and facilitate informed decision-making inside

organizations. These inputs, sourced from both internal and external sources, con-

stitute the foundational elements upon which BI systems rely to derive actionable

intelligence.

Internally, organizations gather data from various operational systems, includ-

ing enterprise resource planning (ERP), customer relationship management (CRM),

supply chain management (SCM), and financial management systems. Addition-

ally, organizations may collect data from internal databases, spreadsheets and other

structured repositories that house valuable information pertinent to their business

processes.

CRM systems are designed to manage interactions and relationships with cur-

rent and potential customers. These systems capture a wide range of data related

to customer interactions, including contact details, purchase history, inquiries, com-

plaints, feedback, and preferences. These systems help organizations track customer

behavior across various touchpoints, such as website visits, emails, phone calls, and

social media interactions. By consolidating and analyzing this data, organizations

gain insights into customer preferences, buying patterns, and satisfaction levels.

This information is invaluable for tailoring marketing strategies, improving cus-

tomer service, and fostering long-term customer loyalty.

ERP systems, instead, integrate core business processes and functions, including

finance, human resources, supply chain management, manufacturing, and inventory

management, into a unified platform. ERP data encompasses a wide range of infor-

mation, such as sales orders, purchase orders, invoices, inventory levels, production
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schedules, employee payroll, and financial transactions. By centralizing and stan-

dardizing this data, ERP systems provide organizations with real-time visibility

into their operations, enabling efficient resource allocation, inventory optimization,

and cost control.

SCM systems capture a wealth of data related to the various stages of the

supply chain, including procurement, production, inventory management, logistics,

and distribution. This data includes information on supplier performance, order

processing times, inventory levels, transportation costs, lead times, and demand

forecasts. By integrating data from different sources within the supply chain, SCM

systems provide organizations with a holistic view of their operations, enabling

them to identify inefficiencies, bottlenecks, and opportunities for improvement.

Externally, organizations leverage data from a multitude of sources to enrich

their BI initiatives. This includes market research data, industry reports, eco-

nomic indicators, demographic data, social media feeds, and competitive intelli-

gence. While internal data sources, such as transactional data from operational

systems, offer valuable insights into organizational performance and customer in-

teractions, external data sources complement this information by providing broader

context and external perspectives, such as market trends, competitor activities and

macroeconomic factors that may influence firm business performance.

One significant category of external data sources in BI is qualitative data ob-

tained through interviews and surveys. Interviews and surveys allow organizations

to directly engage with stakeholders, including customers, suppliers, industry ex-

perts, and other relevant parties, to gather firsthand insights, opinions, and feed-

back. For instance, conducting customer interviews or surveys can help organiza-

tions uncover unmet needs, preferences, and pain points, informing product devel-

opment, marketing strategies, and customer service initiatives. Similarly, interviews

with industry experts or surveys of market participants can provide valuable mar-

ket intelligence, helping organizations identify emerging trends, competitive threats,
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and strategic opportunities.

Moreover, external data sources extend beyond qualitative data to include quan-

titative data from market research reports, government databases, economic indi-

cators, and social media analytics. Market research reports offer comprehensive

analyses of industry trends, market size, competitive landscapes, and consumer be-

havior, providing organizations with valuable insights into market dynamics and

competitive positioning.

Figure 2.3: Data Inputs for Business Intelligence [5]

In the continuum of data management processes, the Data Warehouse (DW)

emerges as a critical step subsequent to the data collection phase, assuming the role

of a structured repository for the aggregation and organization of diverse datasets

sourced from disparate origins. The data acquired must then undergo a process of

extraction, cleaning and transformation before being loaded into the Data Ware-

house, this process is referred to as Extract, Transform and Load (ETL).

During the extraction phase, data is retrieved from various sources, then the

data undergoes transformation, where it is cleansed, standardized, and structured

to meet the desired format and quality standards. This transformation phase often

involves applying business rules, ensuring that the data aligns with organizational

requirements and objectives. Finally, in the loading phase, the transformed data

is loaded into the target destination, whether it’s a data warehouse, data lake, or

other storage platform. This loading process is typically optimized for efficiency
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and scalability, ensuring that the data is readily accessible for further analysis.

The aim of ETL process is to provide complete, accurate, and consistent data

to the DW, integrating with the Data Quality system. In fact, Data Quality is "a

fundamental requirement for the entire information system" [21], precisely because

if errors are present in the databases, inaccurate analyses are produced, which

in turn result in incorrect decisions, thus worsening business performance. Data

quality depends on three categories of quality factors, namely accuracy (conformity

to actual values), completeness (presence of necessary data) and consistency (no

contradictions).

In addition, the data warehouse preserves the history of the data, providing

the evolution of all measured quantities over time, thus enabling the realization

of temporal analyses. In addition to the data warehouse, there is another form

of analysis-oriented database, namely Data Marts: these are thematic databases,

concerning a single business process within the company, so they can be multiple,

unlike the data warehouse which is instead unique.

Figure 2.4: From Data Collection to Data Visualization process

2.1.2 Data Visualization

Following the initial step of collecting data from different sources, the company is

confronted with a plethora of data from which it has to derive maximum value for

future endeavors. Data visualization draws upon principles of visual design and

the theory of visual perception to effectively convey information within the domain
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of Business Intelligence. By harnessing these principles, data visualizations aim

to present complex data in a visually appealing and easily interpretable manner,

enabling stakeholders to derive meaningful insights and make informed decisions.

Visual design principles encompass various elements, including color, typography,

layout and composition, which are strategically employed to create visually com-

pelling graphics. These principles guide the arrangement and presentation of data

elements to optimize clarity and comprehension.

Effective visualizations will allow a scientist both to understand their own data

and to communicate their insights to others [29]. In the field of data visualization,

different types of visualizations serve distinct purposes and are selected based on

the nature of the data being represented.

Charts, such as bar charts, line charts, and pie charts, are commonly used to

illustrate trends, comparisons and distributions in numerical data. Tables present

data in a structured format, allowing for detailed examination and comparison of

individual data points. Maps are utilized to visualize spatial data, revealing geo-

graphical relationships and patterns. Diagrams, including flowcharts and network

diagrams, depict connections and processes, aiding in the comprehension of com-

plex systems.

Figure 2.5: Simple bar, Grouped bar, Floating bar, Bubble, Radar, Wordcloud [13]
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Data visualization holds paramount importance in the corporate landscape,

serving as a conduit for the transmission of complex datasets into digestible visual

formats. Its significance stems from its ability to clarify complex information, en-

abling stakeholders to discern key patterns, trends and relationships within datasets

more efficiently than traditional textual or numerical representations alone. Within

the business environment, data visualization serves multifaceted purposes.

By transforming convoluted data sets into visually understandable representa-

tions, it enables stakeholders to more intuitively grasp essential patterns, trends

and relationships within the data. Through the use of intuitive graphical forms

such as charts, graphs and maps, data visualization facilitates understanding and

insight into business performance, market dynamics, consumer behavior and other

relevant factors.

Key Performance Indicators (KPIs) are quantifiable metrics used to evaluate

the success or performance of an organization, a department or a project in achiev-

ing predefined goals and objectives. These metrics serve as key metrics to measure

progress and identify areas for improvement; KPIs are typically aligned with overall

business objectives and are adjusted to reflect the organization’s specific priorities.

By visualizing KPIs, metrics, and other relevant data points through Data Visu-

alization, organizations can identify areas of strength, weakness and opportunity,

thereby enhancing the efficacy of their decision-making processes.

Moreover, data visualization serves as a powerful medium for communicating

complex information to a diverse array of stakeholders, including executives, man-

agers, employees, and external partners. By presenting data visually, organizations

can convey key messages more effectively, fostering greater understanding, engage-

ment, and alignment among stakeholders. Through the strategic utilization of

visualizations, organizations can facilitate discussions, align stakeholders around

common objectives, and drive collective action towards shared goals.

Dashboards are a core component of data visualization in Business Intelligence,
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as they are comprehensive, interactive interfaces that consolidate and display key

metrics, trends and insights derived from complex data sets in a visually intuitive

way. In essence, dashboards act as a window into the underlying data, offering

users a consolidated view of critical information relevant to their specific roles or

objectives. By leveraging interactive elements such as filters, drill-down function-

ality and tooltips, dashboards enable users to dynamically explore data, uncover

patterns, and gain actionable insights with minimal effort.

The design and development of effective dashboards require careful consider-

ation of various factors, including user requirements, data sources, visualization

techniques, and usability principles. A well-designed dashboard should strike a

balance between aesthetic appeal and functional utility, ensuring that the visual-

izations are clear, informative, and aligned with the goals of the intended audience.

Moreover, dashboards play a crucial role in promoting data-driven decision-

making across organizations by democratizing access to data and fostering a culture

of transparency and accountability. By providing stakeholders with real-time access

to relevant metrics and KPIs, dashboards empower them to monitor performance

and track progress towards goals.

Figure 2.6: Dashboard exemplification [2]

As the demand for Data Visualization solutions continues to surge, a myriad

of software and platforms have emerged to cater to diverse needs and preferences.
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Whether it is creating interactive dashboards, generating insightful reports or craft-

ing compelling visualizations, these software and platforms offer a diverse array of

capabilities to suit various business requirements. The software available for devel-

oping a Business Intelligence project is diverse; below, there is a brief description

of the three most popular platforms.

Tableau, founded in 2003, stands out for its user-friendly interface and ro-

bust visualization capabilities. It allows users to easily create interactive and visu-

ally appealing dashboards by simply dragging and dropping data fields. Tableau’s

patented technology, VizQL, enables users to explore and analyze data dynami-

cally, facilitating quick insights and decision-making. Additionally, Tableau offers

advanced analytics features, such as predictive analytics and statistical modeling,

empowering users to uncover trends and patterns in their data. The platform sup-

ports a wide range of data sources and integrates seamlessly with various systems,

making it a popular choice among organizations seeking powerful data visualization

tools. [30]

Figure 2.7: Tableau Dashboard [24]

Power BI, developed by Microsoft in 2005, is another leading data visualization

software known for its integration capabilities and cloud-based services. Power BI

offers a comprehensive suite of tools for data preparation, modeling, visualization

and collaboration, all tightly integrated with the Microsoft ecosystem. Users can

connect to multiple data sources, including Excel spreadsheets, SQL databases, and
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cloud services, to create interactive reports and dashboards. Power BI’s natural

language processing feature enables users to ask questions about their data using

plain language, making insights accessible to users at all skill levels. Moreover,

Power BI’s robust security and compliance features make it a preferred choice for

organizations that prioritize data governance and regulatory compliance.

Figure 2.8: Power BI Dashboard [2]

Qlik, founded in 1993, is renowned for its associative data model and powerful

data discovery capabilities. Unlike traditional BI tools, Qlik’s associative engine

allows users to explore data relationships intuitively, making it easier to uncover

hidden connections. Qlik Sense, the company’s flagship product, offers a self-service

approach to data visualization, empowering users to create personalized dashboards

and reports without relying on IT support. Qlik’s platform also supports advanced

analytics and augmented intelligence features. Furthermore, Qlik’s open architec-

ture and extensive API support facilitate seamless integration with existing systems

and third-party applications, making it a flexible and scalable solution for organi-

zations of all sizes.

When it comes to choosing a Business Intelligence software, market popularity is

an important factor to consider. In terms of market share, both Tableau and Power

BI have gained a significant position in the data visualization market and business

intelligence space; although its market share may have been surpassed by Power

BI and Tableau, Qlik remains a significant presence in the industry, especially
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Figure 2.9: Qlik Dashboard [16]

in certain industries and regions. According to the latest analysis conducted by

Statista in 2023, Power BI currently holds a 15.70% market share, positioning it as

one of the leading solutions in the market. On the other hand, Tableau is not far

behind, with a 14.90% market share, demonstrating its growing popularity among

businesses. [16]

The specular characteristics of each software will be thoroughly discussed in

Chapter 3.

2.1.3 Data Analysis

The conventional approach to Data Analysis involves manual examination and in-

terpretation of data, which is prevalent across various industries. For example, in

the healthcare sector, it is typical for experts to regularly examine present patterns

and shifts in data, often on a quarterly basis. These specialists subsequently furnish

a comprehensive report outlining their findings to the supporting healthcare entity.

This report serves as the foundation for subsequent decision-making and strate-

gizing in healthcare administration. However, this manual process is slow, costly

and subjective, particularly as data volumes continue to escalate. With databases

containing millions of records and numerous attributes, human analysis becomes

impractical, necessitating automation to some extent. [8]

This increase underscores the pressing need for innovative computational theo-

ries and tools to aid in extracting valuable information from these massive datasets.
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This emerging area of study, known as Knowledge Discovery in Databases (KDD),

focuses on development of methodologies and technologies to assist humans in nav-

igating and deriving knowledge from ever-growing volumes of data. The concept

of Knowledge Discovery in Databases emerged from the first workshop in 1989,

emphasizing that knowledge is the ultimate outcome of data-driven exploration.

Its primary objective is to address the challenge of transforming extensive low-level

data, which is often overwhelming and difficult to comprehend, into more manage-

able, abstract, or useful forms. This transformation may involve condensing the

data into concise summaries, abstracting it into descriptive models of underlying

processes or creating predictive models for forecasting future outcomes.

Throughout history, various terms have been used to describe the process of

finding valuable patterns in data, including Data Mining, knowledge extraction,

information discovery and data pattern processing. Data Mining, in particular, has

been widely adopted by statisticians, data analysts and the Management Informa-

tion Systems (MIS) communities, gaining traction in the field of databases as well.

In essence, KDD encompasses the entire process of deriving useful knowledge from

data, whereas Data Mining specifically refers to the step within this process where

algorithms are applied to extract patterns. It is crucial to distinguish between the

broader KDD process and the narrower Data Mining step.

Additional steps in the process, such as data preparation, selection, cleaning,

integration of prior knowledge and interpretation of results, are vital to ensure that

meaningful insights are obtained from the data. Blind application of Data Mining

techniques, often criticized as data dredging, can lead to the discovery of spurious

and irrelevant patterns, underscoring the importance of a comprehensive approach

to knowledge discovery.

KDD is concerned with the holistic process of deriving knowledge from data,

encompassing aspects such as data storage and access methods, scalability of algo-

rithms to handle large datasets efficiently, interpretation and visualization of results

23



Business Intelligence for companies’ strategy

and the design of effective man-machine interactions. The process itself places par-

ticular emphasis on uncovering interpretable patterns that can be construed as

valuable or insightful knowledge.

Figure 2.10: Knowledge Discovery in Databases (KDD) process

The Data Mining component of the KDD process often involves repeated iter-

ative application of particular data-mining methods.

There are several software tools available for data analysis and data mining,

each with its own features and advantages. These tools can be divided into several

categories, including open-source software, commercial software and programming

languages with specific libraries for data analysis. Some examples include Rapid-

Miner, Weka, KNIME, Python with libraries such as pandas and scikit-learn, SAS

and IBM SPSS. Each of these tools offers a range of capabilities for data analysis,

data mining and predictive modeling, enabling users to explore and analyze their

data effectively and efficiently. The choice of software depends on the specific needs

of the project, the firm’s skills and its own preferences.

2.1.4 Data Monitoring and Evaluations

In the intricate architecture of Business Intelligence tailored for enterprises, the

culmination of data collection, visualization, and analysis unfolds into the stage

of Data Monitoring and subsequent evaluations. This pivotal step encompasses a
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dynamic process of continual surveillance and rigorous assessment, serving as the

linchpin for informed decision-making and strategic refinement.

Data monitoring within this context encapsulates the vigilant observation of

Key Performance Indicators, operational metrics and relevant data streams in real-

time or through scheduled intervals. This active surveillance empowers organiza-

tions to promptly detect emerging trends, anomalies or shifts in patterns, providing

invaluable insights into the ever-evolving landscape of their operations.

Complementing the vigilance of data monitoring, the evaluation component

delves into a deeper analysis of collected data. It involves a methodical exami-

nation of performance metrics against predefined benchmarks, historical trends or

targeted objectives. Through this evaluative lens, organizations can glean nuanced

perspectives on the efficacy of their strategies, initiatives and operational processes.

The symbiotic interplay between data monitoring and evaluation forms the

bedrock of a proactive and data-driven decision-making culture. By leveraging in-

sights gleaned from ongoing surveillance and robust evaluation, businesses can not

only navigate complexities with agility but also proactively identify opportunities

for optimization and innovation.

Moreover, this iterative approach to data monitoring and evaluation fosters a

culture of continuous improvement and adaptability within organizations. Armed

with actionable insights, stakeholders can iteratively refine strategies, optimize re-

source allocation and align operations with evolving market dynamics.

In essence, data monitoring and evaluation serve as catalysts for organizational

agility, resilience, and sustained growth in an ever-changing business landscape.
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Chapter 3

Data Visualization Tools

In today’s data-driven landscape, organizations rely heavily on Business Intelli-

gence tools to extract meaningful insights from vast amounts of data. These tools

empower decision-makers by providing visualizations, analytics, and reporting ca-

pabilities. Among the prominent players in this field are Microsoft Power BI and

Tableau. The need for efficient BI solutions has grown exponentially due to the

increasing complexity of business processes, data volumes, and the demand for real-

time insights. Both Power BI and Tableau offer robust features to address these

challenges, but they differ significantly in their approaches and functionalities.

This chapter aims to introduce the reader to the context of Data Visualization

tools, focusing on the comparison between Power BI and Tableau. The study will

explore their core features and architecture, outlining their limitations.

3.1 Power BI

Power BI is a cloud-based business analytics solution engineered by Microsoft for

rapid and straightforward generation and dissemination of reports within a com-

pany. It comprises a suite of software services, applications, and connectors that

synergize to transform disparate data sources into interactive, coherent, and readily
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understandable insights. Power BI facilitates seamless connection to data sources,

enables report and dashboard creation, and facilitates sharing with designated

users. Its interactive dashboards facilitate effortless accessibility, contributing to

timely decision-making and operational assistance.

Since its introduction in the market, Power BI has undergone significant de-

velopment and expansion, evolving into a comprehensive platform for self-service

and enterprise-level business intelligence. Over the years, Power BI has gained

widespread adoption due to its user-friendly interface, powerful features, and seam-

less integration with other Microsoft products and services. As of 2024, it holds

a prominent position in the market, competing with established BI tools such as

Tableau and Qlik.

The Power BI ecosystem encompasses multiple tools, including a Microsoft Win-

dows desktop application called Power BI Desktop, an online Software as a Service

(SaaS) known as Power BI Service, and Power BI Apps for mobile devices called

Power BI Mobile.

• Power BI Desktop: Power BI Desktop is a desktop application that serves as

the primary tool for creating data models, reports, and dashboards. It offers a

robust set of data preparation and visualization capabilities, allowing users to

import data from various sources and create interactive visualizations using

a drag-and-drop interface.

• Power BI Service: The Power BI Service is a cloud-based platform where users

can publish, share, and collaborate on Power BI reports and dashboards. It

provides features such as data refresh, scheduled data updates, and role-based

access control. Additionally, the Power BI Service offers integration with other

Microsoft cloud services such as Azure and Office 365.

• Power BI Mobile: Power BI Mobile consists of native mobile apps available
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for iOS, Android, and Windows devices. These apps allow users to access and

interact with Power BI reports and dashboards on the go, enabling real-time

decision-making and insights dissemination.

One of the key strengths of Power BI is its robust data modeling capabilities.

Users can import data from a wide range of sources and then manipulate and shape

it using Power Query, a powerful data transformation tool [1].

• Databases: Power BI supports connections to various databases such as SQL

Server, MySQL, Oracle, and PostgreSQL;

• Cloud Services: It integrates seamlessly with popular cloud services like Mi-

crosoft Azure, Google Analytics, Salesforce, and SharePoint Online;

• Files: Power BI can connect to files stored locally or in cloud storage services

such as OneDrive and SharePoint, including Excel spreadsheets, CSV files,

and XML files;

• Streaming Data: Power BI supports real-time data streaming from sources

like Azure Stream Analytics, enabling users to visualize and analyze data as

it arrives.

By offering such diverse connectivity options, Power BI empowers users to access

and analyze data from virtually any source, making it a versatile and powerful tool

for business intelligence and analytics.

Figure 3.1: Power BI ecosystem [17]
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3.1.1 Creation of Dashboard in Power BI Desktop

Power BI Desktop represents a powerful tool within the suite of Microsoft’s business

intelligence offerings, providing users with a comprehensive set of features for data

analysis and visualization.

Power BI Desktop boasts an intuitive and user-friendly interface designed to

streamline the process of data analysis and visualization. The interface is divided

into several main areas, users can easily navigate between these areas to access

various functionalities and tool. [28]

1. Ribbon Toolbar: This area is located at the top of the interface and contains a

series of tabs, each providing access to various features and tools within Power

BI Desktop. Common tabs include Home, Modeling, View, and Format.

2. Canvas Area: This area occupies the majority of the space in the Power BI

Desktop interface and is where users can create and modify their reports

and dashboards. It serves as a workspace where visual objects are created,

combined, and reworked.

3. Data Pane: The Data Pane is typically located on the right side of the inter-

face and provides a list of tables and fields present in the data model. Users

can use this area to manage data sources, navigate between tables and fields,

and create relationships between tables.

4. Visualizations Pane: This area provides a list of available visualizations. Users

can drag and drop desired visualizations from the Visualizations Pane into

the canvas area to create or modify their reports.

5. Filters Pane: The Filters Pane is a dedicated area for creating and managing

filters applied to the data displayed within reports. Users can add filters to

limit the data shown based on specific criteria, such as date ranges or specific

categories.
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6. Pages Pane: This area lists all the pages present in the current report. Users

can create and manage multiple pages within a single report to organize their

analysis in a more structured and cohesive manner.

Figure 3.2: Power BI Desktop areas

3.1.2 Data Connection

In the introductory stage of creating a dashboard in Power BI, establishing con-

nections to data is critical. The methods for connecting data sources in Power BI

are data import, Direct Query and Live Connection.

The data import option in Power BI involves physically extracting rows of data

from the selected source and storing them in memory within Power BI. This method

is commonly used and offers several advantages, including improved query perfor-

mance and efficient data compression. One noteworthy aspect of Power BI’s data

import mechanism is its use of xVelocity technology, it is an in-memory data stor-

age and compression engine developed by Microsoft. xVelocity employs a columnar

storage format, where data is stored in columns rather than rows. This format

allows for highly efficient compression and retrieval of data, as it eliminates redun-

dancy and maximizes data compression ratios. As a result, Power BI can handle
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large volumes of data while minimizing memory usage and maximizing query per-

formance.

Direct Query is a data connection method in Power BI that enables real-time

querying of data directly from the underlying data source. With Direct Query,

Power BI sends queries to the source database or system each time a user interacts

with a report or visualization. This ensures that the data displayed in Power BI is

always up-to-date, reflecting the latest information from the source. Direct Query is

particularly advantageous when working with large or frequently changing datasets,

as it eliminates the need to import and store data within Power BI. Instead, users

can leverage the live connection to access real-time data without worrying about

data freshness or storage constraints. However, it’s important to note that Direct

Query may introduce performance considerations, as queries are executed against

the source system in real-time. Factors such as network latency, query complexity,

and the performance of the source system can impact the responsiveness of reports

and visualizations. [18]

Live Connection is another data connection method in Power BI that allows

users to connect directly to an external data model or dataset, such as an Analysis

Services cube or a tabular model. With Live Connection, Power BI serves as a vi-

sualization layer on top of the existing data model, enabling users to create reports

and dashboards without importing data into Power BI. Live Connection is bene-

ficial when organizations already have established data models in other reporting

tools or platforms and want to leverage Power BI’s visualization capabilities. By

connecting directly to the existing data model, users can create interactive reports

and visualizations without duplicating data or compromising data integrity. Still,

it is essential to ensure that the external data model is properly maintained and

updated, as any changes to the underlying data structure or calculations must be

made in the original data model and not within Power BI. [18]
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The difference between DirectQuery and Live Connection, is that with the lat-

ter, generally, there are no performance problems because it is supported only by

the following types of data sources: SQL Server Analysis Services Tabular, SQL

Server Analysis Services Multidimensional, Service Power BI. The reason why the

performance does not suffer with these data sources is because they use the same

xVelocity engine as Power BI or similar one.

Figure 3.3: Data Connection methodologies in Power BI [19]

3.1.3 Data Preparation and Transformation

In any BI project, it is crucial that the data used be properly cleaned to obtain

accurate results in reports and dashboards. Once the data connection has been

established, whether through Live Connection, Direct Query, or data import, the

subsequent phase involves Data Preparation. It emerges as arguably the most chal-

lenging, resource-intensive, and time-consuming aspect, as assessed by experts who

estimate it consumes 60%-80% of the time and budget allocated to a standard ana-

lytics project. Numerous hurdles characterize this phase, encompassing fragmented

and incomplete datasets, intricate system integration requirements, business data

lacking structural uniformity, and a significant barrier posed by the demand for

specialized skills. [20] Moreover, the inconsistency in the structure of business

data adds another layer of complexity, requiring meticulous efforts to standardize

and cleanse the data to ensure accuracy and reliability in analytics outcomes.

To address numerous challenges encountered in data preparation, Power BI
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provides cutting-edge data preparation functionalities through Power Query, setting

a new industry standard.

Power Query employs an intuitive, step-based interface based on a plethora

of tools and features that allow users to easily apply the desired transformations,

according to their requirements. Every action performed within the Power Query

editor in Power BI automatically translates into a specialized scripting language

called ’M’. Most of the transformations therefore, can be accomplished simply by

interacting with the user interface of the Power Query editor but, for more complex

business problems, there is a good chance that one will resort to editing M queries,

written directly by the user.

Transformation operations sought by users may include removing duplicate

rows, changing data types, splitting columns, creating calculated columns with

custom formulas, adding indexes, and much more.

Figure 3.4: Power Query editor

Power Query empowers users to merge, aggregate, and append data from di-

verse sources seamlessly. This includes merging multiple tables based on shared

columns, performing aggregation for creating summaries, and consolidating data

from various origins into a unified table. Additionally, Power Query incorporates a

query management panel facilitating users to oversee and control all queries within

their data model. Through this panel, users can rename, modify, delete, or add

queries as necessary, while also adjusting query settings like connection parameters

and transformation steps. Notably, Power Query offers a unique feature wherein

users can record and replay transformation steps executed on data. This feature en-

ables the recording of a sequence of transformation operations for easy application

to future datasets.
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Figure 3.5: Transforming data with Power Query

3.1.4 Data Modeling

The transformational processes enacted within Power Query lay the groundwork

for the subsequent construction of a robust data model within Power BI. Data mod-

eling involves designing and structuring the underlying data model within Power

BI to support analysis and visualization. In Power BI, the data model serves as

the backbone of the analysis, defining relationships between different data tables

and enabling users to perform cross-table analysis and calculations. Power BI uses

a tabular data model, which consists of tables, columns, and relationships. Users

can import data from multiple sources into Power BI and then define relationships

between related tables based on common key fields. This allows users to create

sophisticated reports and visualizations. In addition to establishing relationships,

users can enhance their data model by creating calculated columns, measures, and

hierarchies. Calculated columns enable users to derive new data based on exist-

ing columns, while measures allow users to perform aggregations and calculations

fastly. Hierarchies provide a way to organize and drill down into data hierarchically,

enhancing the user experience in reports and visualizations.

By mastering data preparation and data modeling techniques in Power BI, or-

ganizations can unlock the full potential of their data and drive informed decision-

making. With clean and well-structured data at their fingertips, users can create

compelling reports, interactive dashboards, and insightful visualizations that de-

liver actionable insights to stakeholders across the organization.
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Figure 3.6: Data Model in Power BI [14]

3.1.5 Data Visualization

Within the software, users are provided with a myriad of visualization options,

each tailored to specific data presentation needs. Whatever it is, the choice made

significantly influences how data is visually represented and interpreted. The types

of data visualizations in Power BI can be divided into several categories based on

their nature and use.

• Tables and matrices present data in a structured tabular format, with rows

and columns representing data dimensions. Tables offer a detailed view of

individual data points, allowing users to examine precise values and rela-

tionships. Matrices extend this functionality by enabling data aggregation,

subtotaling, and hierarchical organization, making them suitable for summa-

rizing complex datasets.

• Bar and column visualizations are graphical representations of data where

values are depicted using horizontal or vertical bars. They are commonly

employed to compare data across different categories or to illustrate data

distributions. These visualizations are versatile and can effectively convey

both categorical and numerical data.
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• Line visualizations present data points connected by lines, often used to vi-

sualize trends or patterns over time or other continuous dimensions. They

provide insights into how data values change over a specified period, allowing

for the identification of trends, seasonal patterns, or anomalies.

• Scatter plot visualizations plot individual data points on a two-dimensional

chart, with each point representing the values of two variables. They are par-

ticularly useful for visualizing relationships between variables and identifying

patterns or correlations. By examining the distribution of points, analysts

can discern any underlying trends or Clusters within the data.

• Pie and donut visualizations display data as circular segments, with each

segment representing a proportion of the whole. They are commonly used

to illustrate the composition of a dataset, highlighting the relative sizes of

different categories or subgroups. While pie charts show individual segments

as slices of a circle, donut charts feature a central hole, allowing for additional

data labels or annotations.

• Tree maps visualize hierarchical data structures by representing data cate-

gories as nested rectangles within a larger rectangle. Each rectangle’s size

and color represent quantitative values, allowing users to quickly grasp the

relative size and importance of different data categories within the hierarchy.

• Map visualizations utilize geographical maps to represent spatial data, with

data points plotted on specific locations or regions. They offer insights into

geographic patterns, distributions, or trends, making them invaluable for ana-

lyzing location-based data. Map visualizations can display data using various

markers, colors, or overlays, enhancing the understanding of spatial relation-

ships within the dataset.

• Combo charts combine multiple chart types, such as lines, bars, and areas,
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within a single visualization. This allows users to compare different datasets

or data series on the same chart, providing a comprehensive view of multiple

dimensions of the data within a single visual.

• Bubble chart visualizations depict data points as bubbles, with the size of

each bubble representing a third variable. They are effective for visualizing

relationships between three variables and can convey complex data patterns

in a straightforward manner. By examining the position and size of bubbles,

analysts can identify correlations or trends across multiple dimensions.

• Ribbon charts display data as a series of contiguous ribbons, where each rib-

bon represents a different category or data dimension. They are effective

for visualizing data distributions and hierarchical relationships, providing in-

sights into the relative proportions and distributions of data categories.

• Waterfall charts illustrate the cumulative effect of sequential positive and

negative changes in a data series. They are commonly used for financial

analysis and reporting to visualize the net effect of various income and expense

components on a total value, facilitating easy identification of key contributors

to overall changes.

• Gauge visualizations provide a concise representation of a single data value

within a predefined range or threshold. They typically display data values

as a dial, needle, or fill level within a gauge, allowing users to quickly assess

performance against predetermined targets or benchmarks.

• Key Performance Indicator visuals display one or more key metrics or per-

formance indicators as numerical values or icons. They are often used to

monitor progress towards specific goals or objectives, providing at-a-glance

insights into performance trends and deviations from target values.
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Figure 3.7: Different Types of Data Visualization in Power BI [3]

Upon selecting a visualization type, users need to map the appropriate data

fields to the visualization’s axes, values, categories, and other relevant properties.

This crucial step ensures that the visualization accurately reflects the insights de-

rived from the dataset. Furthermore, Power BI offers extensive customization op-

tions for visualizations, enabling users to tailor the appearance and behavior of

each visualization. From adjusting colors, fonts, labels, and scales to adding trend-

lines or reference lines, customization empowers users to craft visualizations that

precisely convey their intended message.

Once the desired visualizations have been created, integrating them into the

dashboard is a simple process in Power BI. After selecting the visualization to be

added, users can click on the "Pin visual" or "Pin to dashboard" option. This action

pins the visualization to the dashboard, making it readily accessible for viewing and

analysis. Then, users can resize, reposition, and rearrange visualizations within the

canvas area to achieve the desired layout: Power BI offers extensive flexibility in

this regard. This capability enables users to prioritize and emphasize specific data

insights, ensuring clarity and coherence in the presentation of the dashboard.
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In addition to data visualizations, Power BI allows for the incorporation of sup-

plementary elements to enrich the dashboard’s content and functionality. These el-

ements may include images, explanatory text, interactive buttons, and text boxes.

By integrating such elements, users can provide context, explanations, and addi-

tional resources to enhance the audience’s understanding of the presented data.

3.1.6 Dashboard Sharing

Upon completing the dashboard creation process, users have the option to publish it

to the Power BI Service for sharing with other users. This functionality enables the

dissemination of insights and findings to a wider audience within an organization

or beyond. The process of publishing and sharing a dashboard involves several key

steps:

• Publishing the Dashboard: once the dashboard is ready, users can initiate

the publishing process directly from Power BI Desktop or through the Power

BI service. This action uploads the dashboard and associated visualizations

to the Power BI cloud service, making it accessible from any device with an

internet connection.

• Setting Permissions: after publishing the dashboard, users have the ability to

set permissions and control access to it. This includes defining who can view,

edit, or share the dashboard, as well as specifying any restrictions or limita-

tions on its use. Power BI provides granular control over access permissions,

allowing users to tailor access rights to specific individuals, groups, or roles

within the organization.

• Sharing Options: Power BI offers multiple sharing options to suit different

collaboration scenarios. Users can share the dashboard directly with specific

individuals by providing their email addresses or usernames. Alternatively,
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users can share the dashboard with groups or distribution lists, streamlining

the sharing process for larger audiences. Additionally, Power BI supports

sharing via secure links, enabling users to share dashboards with external

stakeholders or partners while maintaining control over access.

• Collaborative Features: in addition to basic sharing functionality, Power BI

provides collaborative features that enhance team collaboration and produc-

tivity. These include features such as commenting, annotation, and real-time

collaboration, allowing users to engage in discussions, provide feedback, and

collaborate on dashboard development and refinement.

• Monitoring and Tracking Usage: once the dashboard is shared, users can

monitor its usage and track engagement metrics using built-in analytics and

reporting features in Power BI. This includes tracking the number of views,

interactions, and shares, as well as analyzing user engagement patterns and

trends over time. By gaining insights into dashboard usage, users can optimize

content, improve usability, and ensure the dashboard continues to meet the

needs of its audience.

By leveraging the publishing and sharing capabilities of Power BI, users can

effectively disseminate insights, foster collaboration, and drive data-driven decision-

making across their organization.

3.2 Tableau

Tableau originated from a research project at Stanford University in 2003, where

co-founders Chris Stolte, Pat Hanrahan, and Christian Chabot collaborated to en-

hance data analysis and accessibility through visualization. Their innovative tech-

nology, VizQL, revolutionized data representation by translating user actions into

data queries, simplifying the process through an intuitive interface. Over the years,
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Tableau has continued investing heavily in Research and Development, expanding

its capabilities to incorporate machine learning, statistics, natural language process-

ing, and smart data preparation to enhance analytical creativity. Beyond providing

a comprehensive analytics platform, Tableau offers support and resources to fos-

ter a data-driven culture within organizations, enabling them to achieve valuable

outcomes efficiently. Acquired by Salesforce in 2019, Tableau remains committed

to empowering individuals and organizations to gain insights from their data. To-

day, Tableau is utilized worldwide across various sectors and industries, driving

impactful change through data-driven decision-making [25].

The Tableau ecosystem comprises several core components that work together to

facilitate the creation, sharing, and exploration of data visualizations and analytics.

The main components of Tableau include:

• Tableau Desktop is the primary authoring tool used by analysts and data

scientists to create interactive dashboards, reports, and visualizations. It

provides a user-friendly interface for connecting to data sources, building vi-

sualizations using drag-and-drop functionality, and exploring insights through

interactive filtering and drill-down capabilities.

• Tableau Server is a centralized platform for sharing, collaborating, and man-

aging Tableau workbooks and dashboards within an organization. It allows

users to publish their Tableau Desktop creations to a secure server environ-

ment, where they can be accessed and viewed by authorized users via web

browsers or Tableau’s mobile app.

• Tableau Online is a cloud-based deployment option for Tableau Server, offer-

ing similar functionality but hosted in the cloud by Tableau. It provides

scalability, flexibility, and accessibility, allowing organizations to leverage

Tableau’s capabilities without the need for on-premises infrastructure.
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Tableau offers versatile connectivity options to connect with a wide array of

data sources. These include connections to:

• Databases: Tableau facilitates connections to both relational and non-relational

databases such as MySQL, PostgreSQL, SQL Server, Oracle, among others;

• Cloud Services: Tableau seamlessly integrates with major cloud services like

Amazon Redshift, Google BigQuery, and Microsoft Azure SQL Database;

• Files: Users can import data from various file formats including Excel, CSV,

JSON, and PDF among others. Tableau allows for straightforward importa-

tion and integration of data from local files into visualization projects;

• Streaming Data: Tableau also supports connections to streaming data sources,

enabling real-time analysis from sources like Apache Kafka and Amazon Ki-

nesis.

The extensive data sources available within Tableau synergize seamlessly with

its strategic collaboration with Salesforce, amplifying the scope and depth of ana-

lytical capabilities for informed decision-making within Salesforce’s CRM environ-

ment. Salesforce’s acquisition of Tableau underscores a commitment to bolstering

its analytics capabilities, enabling seamless access to Tableau’s robust data visu-

alization tools within Salesforce’s CRM environment. This integration empowers

Salesforce users to harness Tableau’s comprehensive data analysis functionalities

directly within their CRM workflows, thereby facilitating deeper insights into cus-

tomer data, sales performance, and business operations. Consequently, this strate-

gic partnership not only expands Tableau’s reach but also enriches Salesforce’s CRM

offerings with advanced analytics capabilities, thereby fostering a more comprehen-

sive solution for organizations seeking to leverage data for informed decision-making

and competitive advantage.
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3.2.1 Creation of Dashboard in Tableau Desktop

Tableau Desktop is the keystone tool for designing and developing dashboards in

Tableau. Its robust functionality and intuitive interface empower users to trans-

form raw data into compelling visualizations and interactive dashboards. At its

core, Tableau Desktop offers a comprehensive suite of functionalities tailored for

data analysis and visualization. Users can connect to various data sources, as said,

ranging from traditional databases to cloud services and files. Once connected,

Tableau Desktop facilitates data exploration through its drag-and-drop interface,

allowing users to effortlessly build visualizations without the need for complex cod-

ing or scripting.

Upon starting Tableau Desktop, users are greeted by an easy-to-use interface

designed into several key work areas, each of which performs a specific function in

the dashboard design workflow:

1. Data Source Pane: Located on the left-hand side of the interface, the Data

Source Pane provides access to all connected data sources. Here, users can

view the tables, fields, and relationships within the data source, as well as

perform data preparation tasks such as filtering, grouping, and aggregation.

2. Canvas Area: Positioned in the center of the interface, the Canvas Area serves

as the workspace where users build their dashboards. Here, users can drag and

drop fields onto shelves to create visualizations, arrange and format elements,

and design the overall layout of the dashboard.

3. Sheets and Dashboards Tabs: At the bottom of the interface, users can

navigate between Sheets and Dashboards tabs. Sheets represent individual

worksheets where users create and customize visualizations, while Dashboards

serve as containers for organizing and presenting multiple visualizations to-

gether.
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4. Toolbar: At the top of the interface, the Toolbar provides quick access to es-

sential tools and functions. Users can use the Toolbar to perform actions such

as connecting to data sources, saving workbooks, formatting visualizations,

and sharing dashboards.

5. Data Pane: Positioned on the left-hand side of the Canvas Area, the Data

Pane displays the fields and measures available in the current view. Users

can use the Data Pane to add, remove, and rearrange fields, as well as apply

filters and sorting to the data.

Figure 3.8: Tableau Desktop areas

3.2.2 Data Connection

In the process of building a dashboard in Tableau, the selection and connection of

data sources serve as foundational steps, laying the groundwork for insightful data

analysis and visualization.

Before embarking on dashboard creation, it is crucial to identify and select

the relevant data sources that will drive the analysis. This entails a thorough

understanding of the business requirements and the specific data needed to address

45



Data Visualization Tools

them effectively. Tableau’s intuitive interface facilitates the selection process by

offering seamless connectivity to various data repositories, including databases,

cloud services, files, and streaming data sources. As already said, Tableau offers a

rich array of data connectivity options, ensuring flexibility and compatibility with

diverse data sources.

Once the data sources are identified and connected, Tableau offers various

methods for importing and integrating data: users can opt for full data imports,

where the entire dataset is brought into Tableau Desktop for analysis; alternatively,

Tableau’s data extraction capabilities allow for the optimization of performance and

resource utilization by creating extracts of the data that can be stored locally or

on Tableau Server. This latter approach is particularly beneficial for large datasets

or scenarios requiring frequent data updates. Additionally, Tableau supports live

connections to data sources, enabling users to analyze real-time data without the

need for data replication.

3.2.3 Data Preparation and Transoformation

Tableau offers a comprehensive suite of advanced data preparation features aimed

at enhancing the efficiency and effectiveness of data transformation and integra-

tion processes for analysis. These tools empower users to manipulate and refine

datasets according to their specific analytical needs, ensuring the generation of

accurate and actionable insights. One key feature is data blending, which en-

ables users to seamlessly combine data from multiple sources within Tableau. By

blending data, users can correlate information from disparate datasets without the

need for complex data modeling or preprocessing steps. This capability is partic-

ularly valuable in scenarios where data resides in different systems or databases,

allowing users to perform holistic analysis across various data sources. Moreover,

Tableau’s data modeling capabilities provide users with the flexibility to structure

and organize data within Tableau Desktop. Users can define relationships between
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different data sources, create calculated fields, and implement advanced analytical

functions to derive meaningful insights from the data. This empowers users to tai-

lor the data model to suit specific analytical requirements, ensuring the accuracy

and relevance of analysis outcomes. In addition to data blending and modeling,

Tableau offers robust calculation features that enable users to perform complex

calculations and derive new insights from the data. Whether it’s aggregating data,

performing statistical analyses, or creating custom metrics, Tableau provides a wide

range of built-in functions and formulas to support advanced data manipulation.

Furthermore, Tableau’s integration capabilities extend beyond its native environ-

ment, allowing seamless integration with other data management and analytics

platforms. Through connectors and APIs, Tableau facilitates interoperability with

various systems and tools, enabling organizations to leverage their existing data in-

frastructure and investments. This promotes data sharing and collaboration across

different departments and teams, fostering a culture of data-driven decision-making

and innovation within the organization.

In Tableau, the process of creating queries and leveraging VizQL for visualiza-

tion is seamlessly integrated into the user interface. Tableau’s interface provides

users with a canvas where they can visually construct queries by dragging and drop-

ping fields from the data source pane. This drag-and-drop functionality eliminates

the need for users to write complex SQL queries manually, making data analysis

more accessible to users with varying levels of technical expertise. For example,

fields can be placed on the columns shelf to define the columns of the query re-

sult, on the rows shelf to define the rows, or on the filters shelf to filter the data

based on specific criteria. As users interactively build their queries on the canvas,

Tableau dynamically generates the corresponding SQL queries in the background.

This process enables users to quickly iterate and explore different aspects of their

data without having to write SQL code or navigate complex database structures
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manually. In addition to simplifying the query creation process, Tableau’s drag-

and-drop interface also allows for real-time query execution. Users can interact

with visualizations, apply filters, and drill down into data, with Tableau dynami-

cally generating and executing queries to reflect their actions.

Behind the scenes, Tableau’s visual query language, VizQL, powers the drag-

and-drop functionality and visualization capabilities. VizQL translates user ac-

tions into visual representations of the underlying data, generating semantic queries

based on interactions. This allows users to interactively explore and analyze data

without needing to understand the intricacies of SQL or database structures. VizQL

optimizes query execution by generating efficient queries tailored to the user’s ac-

tions and selections. This optimization ensures that queries are executed quickly

and accurately, even when working with large datasets or complex visualizations

[26].

3.2.4 Data Visualization

Selecting the appropriate visualization types is paramount in the quest to effec-

tively convey insights derived from data. Within the Tableau ecosystem, users are

presented with an array of visualization options, each tailored to specific data anal-

ysis scenarios. The typologies are the same previously listed for Power BI, in the

Section 3.1. Anyway, when embarking on the selection process of the right type of

visualization tool, several key considerations come to the fore:

• Understanding Data Characteristics: Delving into the inherent attributes of

the dataset is fundamental. Factors such as data structure, distribution,

and relationships must be meticulously examined to discern the most fitting

visualization types.

• Aligning with Analytical Goals: The crux of visualization selection lies in its

alignment with analytical objectives and so the identification of the precise
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insights and messages intended for communication to users. Whether the

aim is to identify trends, compare values, or explore intricate relationships

within the data, the chosen visualization type should seamlessly facilitate the

fulfillment of these goals.

• Considering Audience Preferences: A nuanced understanding of the prefer-

ences and familiarity levels of the target audience is indispensable. Tailoring

the dashboard to resonate with the audience’s expectations and prior experi-

ences with visualization types ensures maximum impact and comprehension.

• Exploration of Visualization Types: Within the Tableau repertoire, an ex-

haustive exploration of visualization types unveils a diverse array of options,

each endowed with unique features and capabilities. From fundamental chart

types like bar charts, line charts, and scatter plots to more advanced visual-

izations such as heatmaps, treemaps, and box plots, Tableau offers a versatile

toolkit for visual storytelling.

Designing dashboards in Tableau is not merely a technical task; it is an art form

that blends creativity with analytical precision to deliver compelling insights to

stakeholders. Effective dashboard layout serves as the foundation for guiding users

through data insights: it involves organizing visual elements in a structured and

intuitive manner to facilitate easy comprehension and navigation. Key principles

to consider include:

• Clarity: Ensuring the dashboard layout is clear and unambiguous, with a

logical hierarchy of information that guides users through the data journey.

• Simplicity: Striving for simplicity by presenting only the most relevant infor-

mation and eliminating unnecessary clutter that may distract users from key

insights.

49



Data Visualization Tools

• User-friendliness: Designing the dashboard with the end user in mind, making

it intuitive and easy to interact with, regardless of the user’s level of expertise.

• Consideration of Space: Utilizing space efficiently to strike a balance between

providing sufficient information and avoiding overcrowding, allowing each vi-

sual element to breathe and stand out.

Also color serves as a potent instrument in dashboard design, wielding a consid-

erable impact on data comprehension and user engagement. Designers must ensure

that chosen colors cater to the needs of all users, including those with visual im-

pairments. Attention must be paid to factors such as color blindness and contrast

ratios to maintain accessibility across diverse user groups. Thoughtful selection of

colors is vital also to ensure readability and coherence, even when colors are com-

bined. This approach mitigates visual clutter and fosters clarity, enabling users to

navigate the dashboard seamlessly and glean insights effortlessly. Harnessing the

psychological effects of color can evoke specific emotions and responses from users,

enriching their engagement with the dashboard content. Strategic incorporation of

colors tailored to the target audience enhances the immersive nature of the user

experience.

Figure 3.9: Tableau Dashboard example [23]
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3.2.5 Dashboard Sharing

Tableau stands out for its collaboration features which are designed to foster team-

work, facilitate knowledge sharing, and drive collective decision-making within or-

ganizations. By leveraging Tableau’s robust collaboration capabilities, users can

share, discuss, and iterate on insights, thereby maximizing the value derived from

data-driven initiatives. One of the key aspects of Tableau’s collaboration function-

ality is its ability to enable users to share dashboards with colleagues, stakeholders,

and decision-makers. Once a dashboard is created, users can publish it to Tableau

Server or Tableau Online, both of which serve as centralized platforms for hosting

and sharing Tableau content. This ensures that authorized users can easily ac-

cess and interact with the dashboard using web browsers or Tableau’s mobile app,

regardless of their location or device.

Furthermore, Tableau’s real-time collaboration features empower users to work

together on dashboards, fostering a collaborative environment where teams can col-

lectively analyze data, identify insights, and make informed decisions. Users can

simultaneously view and interact with the same dashboard, enabling real-time col-

laboration and eliminating the need for back-and-forth exchanges of static reports

or screenshots. This promotes transparency, agility, and alignment across teams.

In addition to real-time collaboration, Tableau offers features that enable users

to annotate visualizations and share insights within the platform. Users can add

comments, annotations, and highlights directly onto visualizations, providing con-

text, explanations, and observations to accompany the data. This enriches the

narrative of the dashboard and facilitates deeper understanding and interpretation

of the insights presented. Moreover, users can share their insights with specific in-

dividuals or groups, ensuring that relevant stakeholders are informed and engaged

in the decision-making process.

Overall, Tableau’s collaboration capabilities play a pivotal role in driving col-

laboration, fostering cross-functional communication, and accelerating the pace of
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decision-making within organizations. By providing a collaborative environment

where users can easily share, discuss, and iterate on insights, Tableau empowers

teams to harness the full potential of their data and drive meaningful business

outcomes [23].

3.3 Comparative Analysis: Power BI vs Tableau

In today’s data-driven business landscape, organizations rely on robust Business

Intelligence tools to gain actionable insights from their vast repositories of data.

Two prominent contenders in the BI software market, Power BI and Tableau, have

emerged as leaders in empowering businesses to extract value from their data assets.

Developed by Microsoft and Tableau Software (now part of Salesforce), respectively,

these platforms offer sophisticated features for data visualization, analysis, and

reporting.

The Gartner Magic Quadrant report is an annual assessment conducted by

Gartner, a research and consulting firm, providing a comprehensive overview of

key players and products within a specific technological sector. Within the realm

of Business Intelligence and Analytics software, the Gartner Magic Quadrant re-

port evaluates and analyzes leading solution providers based on various criteria,

including completeness of vision and ability to execute. Companies are categorized

into four quadrants: Leaders, Challengers, Visionaries, and Niche Players.

For the 16th year in a row, Microsoft retains its leadership position in Gartner’s

Magic Quadrant 2023 for Analytics and Business Intelligence (ABI) due to the

excellence of Power BI [10]. Notably, Power BI is closely trailed by Tableau in

the Leaders quadrant. Consequently, this Thesis will proceed in analyzing and

comparing these two software solutions.

In the previous section, an extensive examination was conducted of the features

of Power BI and Tableau individually, highlighting their respective strengths and

52



3.3 – Comparative Analysis: Power BI vs Tableau

Figure 3.10: Gartner Magic Quadrant 2023 [22]

weaknesses. The focus now shifts to a qualitative comparative analysis between the

two software solutions. Tableau and Power BI are recognized as industry leaders

in data visualization solutions, each offering a unique set of capabilities and advan-

tages. This phase aims to thoroughly compare the functionalities, performance, and

usability of Power BI and Tableau, to identify significant differences and evaluate

which tool is best suited to the specific needs of the organization.

Conducting a comparative analysis between two leading competitors is a strate-

gic process aimed at gaining insights into their respective strengths, weaknesses,

opportunities, and threats. The cornerstone is the definition of evaluation crite-

ria, they enable a consistent and objective assessment of the two software available
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acting as a guide to explore the intricacies of the two platforms and determine

which one is best suited to the specific needs of the organization or project. The 9

evaluation criteria chosen for the scope of this Thesis are:

1. Ease of Deployment: This criterion examines how seamlessly each platform

facilitates the setup and implementation process within an organization. It

assesses factors such as the simplicity of installation procedures, compatibility

with existing systems and infrastructure, and the availability of resources to

guide users through the deployment process.

2. Data Visualization capabilities: This criterion assesses the range and so-

phistication of visualization options offered by each platform. It includes

considerations such as the variety of chart types, interactivity features, and

customization options available for creating visually appealing and insightful

visualizations.

3. Data Connectivity and Integration: This criterion evaluates the ease of con-

necting to various data sources and the compatibility with different data

formats. It also considers the integration capabilities with other tools and

systems, such as databases, cloud services, and third-party applications.

4. Usability and User Experience: This criterion focuses on the intuitiveness of

the user interface and the overall user experience provided by each platform.

It considers factors such as ease of navigation, workflow efficiency, and the

availability of user-friendly features for both novice and advanced users.

5. Performance and Scalability: This criterion assesses the performance metrics,

such as processing speed, response time, and scalability of each platform. It

evaluates their ability to handle large datasets and complex analyses effi-

ciently, without compromising performance.
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6. Integration with Artificial Intelligence (AI): This criterion evaluates the ex-

tent to which each platform integrates with AI capabilities, such as machine

learning algorithms, natural language processing, and predictive analytics. It

assesses the platform’s ability to leverage AI-driven insights to enhance data

analysis, automate repetitive tasks, and uncover hidden patterns or trends in

the data.

7. Collaboration and Sharing: This criterion evaluates the collaboration features

and sharing options available in each platform. It includes considerations such

as real-time collaboration tools, version control, and accessibility of reports

and dashboards for sharing with internal teams and external stakeholders.

8. Cost and Licensing: This criterion examines the pricing structure, licensing

options, and total cost of ownership (TCO) for each platform. It includes con-

siderations such as subscription fees, additional costs for advanced features,

and scalability options to accommodate varying budget constraints.

9. Support and Community: This criterion considers the level of customer sup-

port provided by the vendor and the availability of resources such as docu-

mentation, tutorials, and community forums. It also evaluates the size and

activity of the user community, which can provide valuable insights and sup-

port for users.

The comparative analysis was developed based on data gathered from surveys

conducted with customers, feedback from users of each platform, and information

from the official Gartner website [11]. Gartner considers various aspects and pro-

vides a numerical ranking of results obtained for each criterion of the two software

solutions.
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3.3.1 Ease of Deployment

The qualitative evaluation can now start from the first criteria. In terms of Ease

of Deployment, both Power BI and Tableau present efficient processes, although

they exhibit nuanced distinctions in their methodologies and integration functional-

ities. Implementing Power BI is often characterized by its user-friendly installation

process and straightforward integration within an organization. With its strong

integration with the Microsoft ecosystem, Power BI smoothly integrates with other

Microsoft products and services, such as Azure, Excel, and SharePoint. This in-

tegration simplifies the setup and configuration process, as users can leverage ex-

isting Microsoft infrastructure and familiarity with Microsoft tools. Additionally,

Power BI’s cloud-based architecture allows for easy scalability and accessibility,

enabling organizations to deploy and manage analytics solutions with minimal in-

frastructure requirements. Tableau offers flexible deployment options, including

on-premises installations and cloud-based deployments on platforms like Tableau

Online and Tableau Server. While Tableau’s initial setup may require more tech-

nical expertise compared to some other BI tools, its deployment options, including

on-premises, cloud, and hybrid deployments, cater to diverse organizational re-

quirements. Tableau Server and Tableau Online provide centralized management

capabilities, facilitating the deployment and distribution of analytics content across

the organization. Although Tableau’s deployment may involve additional configu-

ration steps, particularly for on-premises installations, its flexibility and scalability

make it a suitable choice for organizations seeking comprehensive analytics solutions

tailored to their specific infrastructure and deployment preferences.

Overall, the two software taken in consideration offer relatively easy implemen-

tation processes, the choice between them may depend on factors such as existing

infrastructure, organizational preferences, and technical expertise. In the Gartner

report, both Power BI and Tableau received a score of 4.4 out of 5, highlighting

the subjective nature of the company decision.
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Figure 3.11: Ease of Deployment results [11]

3.3.2 Data Visualization capability

In terms of Data Visualization capabilities, Power BI offers a diverse range of vi-

sualization options, encompassing bar charts, line charts, pie charts, scatter plots,

maps, and more. Its intuitive interface facilitates the creation of interactive and

engaging data visualizations without requiring advanced technical skills. Moreover,

Power BI provides advanced customization features, enabling users to modify col-

ors, shapes, labels, and other elements to tailor visualizations to their specific needs.

However, some more advanced visualizations may necessitate the use of extensions

or custom packages, which may not be readily available in the default visualiza-

tion library. Tableau is renowned for its extensive library of highly customizable

and advanced data visualizations, including charts, maps, tables, scatter plots, and

more. Its easy-to-use user interface and drag-and-drop functionality simplify the

creation of complex and interactive visualizations. However, the learning curve for

Tableau may be steeper for less experienced users, particularly those unfamiliar

with data analysis, requiring a deeper understanding of expressions and calcula-

tion formulas. Both Power BI and Tableau provide a wide range of visualization

capabilities, but Tableau is often considered more advanced and flexible in terms

of customization and advanced features. However, Power BI excels in ease of use

and native integration with other Microsoft solutions. For those seeking a plat-

form that prioritizes user-friendliness and ease of learning, Power BI may present

a favorable option. Conversely, individuals in need of a solution offering extensive

customization capabilities and advanced analytical features might find Tableau to

be more suitable.

In the Gartner report, both platforms received a commendable score of 4.6 out
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of 5, reflecting a high level of satisfaction among users. This parity suggests that the

decision between the two platforms is largely subjective and dependent on individ-

ual organizational needs and preferences. Therefore, organizations should carefully

evaluate also other factors to determine the best fit for their specific requirements.

Figure 3.12: Data Visualization capability results [11]

3.3.3 Data Connectivity and Integration

When it comes to Data Connectivity and Integration, both Power BI and Tableau

demonstrate robust capabilities, each with its own strengths and weaknesses. Power

BI showcases seamless connectivity to a broad spectrum of data sources, spanning

databases, cloud services, files, and APIs. Its integration with Microsoft ecosystem

tools such as Azure, Excel, and SharePoint is highly efficient. Built-in connectors

for popular data sources simplify data import and transformation processes. More-

over, Power BI supports real-time data streaming and automatic data refreshes,

ensuring data insights remain current. However, Power BI may encounter limi-

tations with complex data transformations or specific data sources. Additionally,

achieving advanced integration may necessitate additional setup or custom devel-

opment. Tableau offers extensive connectivity options, spanning databases, cloud

platforms, web applications, and more. Its flexible architecture facilitates seam-

less integration with third-party tools and systems through APIs and extensions.

Tableau’s data preparation features enable users to clean, blend, and reshape data

from multiple sources effortlessly. Furthermore, it supports live connections to

data sources, enabling real-time access for analysis. Despite its robust connectivity

options, Tableau users may face challenges in configuring and maintaining con-

nections to certain data sources. Additionally, advanced integration features may
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require additional technical expertise or support from IT professionals. Power BI

prioritizes native integration with Microsoft ecosystem tools, making it particularly

suitable for organizations heavily invested in Microsoft technologies. On the other

hand, Tableau offers greater flexibility in integrating with a variety of third-party

tools and systems, catering to diverse organizational environments. Considering the

evaluation, both Power BI and Tableau excel in Data Connectivity and Integration.

However, Power BI’s seamless integration with the Microsoft ecosystem grants it an

advantage for organizations deeply embedded in Microsoft technologies. Therefore,

the ranking would favor Power BI in this aspect.

Indeed, Gartner reports a score of 4.3 for Power BI and 4.2 out of 5 for Tableau.

Despite this, both scores reflect exceptionally high levels of satisfaction and perfor-

mance for both platforms. The difference between the scores is minimal, indicating

that both Power BI and Tableau excel in this criterion.

Figure 3.13: Data Connectivity and Integration results [11]

3.3.4 Usability and User Experience

When evaluating Usability and User Experience, Power BI boasts an intuitive user

interface, making it accessible to users with varying levels of technical expertise [9].

Its seamless integration with the Microsoft ecosystem provides familiarity for users

already accustomed to Microsoft products, enhancing ease of adoption. The plat-

form offers a wide range of pre-built templates, visuals, and drag-and-drop func-

tionalities, enabling users to create compelling dashboards and reports effortlessly.

Tableau is reputable for its user-centric design and interactive capabilities, empow-

ering users to explore data intuitively and derive meaningful insights. Its drag-

and-drop interface simplifies the creation of complex visualizations, allowing users
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to build interactive dashboards with ease. Tableau offers extensive customiza-

tion options, enabling users to tailor visualizations to their specific requirements.

Furthermore, Tableau’s robust community support and extensive documentation

contribute to a rich user experience, providing resources for users to enhance their

skills and leverage advanced features effectively. While both Power BI and Tableau

prioritize user experience, they differ in their approach and offerings. Power BI’s in-

tegration with the Microsoft ecosystem offers familiarity and convenience for users

already using Microsoft products, enhancing the adoption. On the other hand,

Tableau’s extensive customization options and interactive capabilities provide users

with more flexibility in creating tailored visualizations and exploring data. Sum-

marizing users’ evaluations, Power BI may have an edge for organizations heavily

invested in the Microsoft ecosystem, thanks to its seamless integration and familiar-

ity. However, Tableau’s extensive customization options and interactive capabilities

make it a preferred choice for users seeking greater flexibility and control over their

data visualization and analysis workflows.

In this category, Power BI achieved a score of 4 out of 5 which is higher than

Tableau one (3.8) due to its seamless integration with the Microsoft ecosystem,

intuitive interface, advanced collaboration features, and regular updates. However,

also the evaluation of usability and user experience is subjective and influenced by

individual preferences and specific use cases.

Figure 3.14: Usability and User Experience results [11]

3.3.5 Performance and Scalability

Power BI is known for its efficient Performance and Scalability, particularly in han-

dling large datasets and complex analyses. Its integration with Azure services
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provides robust infrastructure support, allowing for high-speed data processing

and real-time analytics. Additionally, Power BI’s cloud-based architecture enables

seamless scalability, enabling organizations to expand their data capabilities as

needed. However, some users have reported occasional performance issues when

dealing with extremely large datasets or complex calculations. Tableau also of-

fers strong performance and scalability capabilities, with its in-memory data en-

gine facilitating fast data processing and visualization rendering. Tableau Server

provides centralized management and scalability features, allowing organizations

to distribute workloads across multiple nodes for enhanced performance. How-

ever, Tableau’s on-premises deployments may require additional hardware resources

to achieve optimal performance, and organizations may need to carefully manage

server configurations to avoid performance bottlenecks.

In the criteria of Performance and Scalability, both Power BI and Tableau of-

fer strong capabilities. Organizations should evaluate their specific performance

requirements, data volumes, and deployment preferences to determine which plat-

form best meets their needs. In the report made available by Gartner Power BI

slightly exceeds the tableau rating with a ranking value of 2.7 and 3.6 respectively,

highlighting a slight consumer preference for it.

Figure 3.15: Performance and Scalability results [11]

3.3.6 Integration with Artificial Intelligence

Both solutions showcase distinctive Integration with Artificial Intelligence. Power

BI offers robust integration with (AI) capabilities through Azure Machine Learning.

Users can leverage pre-built machine learning models or develop custom models di-

rectly within Power BI to analyze data, generate forecasts, and identify patterns
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or anomalies. Power BI’s integration with Azure services provides seamless access

to AI functionalities, enabling users to leverage advanced analytics without leaving

the Power BI environment. However, some users find the integration process com-

plex, particularly when setting up and configuring Azure Machine Learning models

within Power BI. Tableau provides integration with AI through the Tableau API

and third-party platform integrations. Users can leverage external machine learning

models to enrich data and integrate AI predictions directly into their analyses and

visualizations. While Tableau’s open API architecture allows for flexible integra-

tion with AI tools and services, users may encounter challenges in setting up and

configuring external AI models within Tableau. Additionally, Tableau’s approach

to AI integration may require more technical expertise compared to Power BI’s

seamless integration with Azure Machine Learning. The major difference between

Power BI and Tableau in terms of AI integration lies in their approach and ease

of use. Power BI offers native integration with Azure Machine Learning, providing

users with direct access to a wide range of AI capabilities within the Power BI

environment. Tableau, on the other hand, relies on external integrations and third-

party AI tools, giving users greater flexibility but potentially requiring additional

setup and configuration.

In the Integration with Artificial Intelligence aspect, Power BI have a slight ad-

vantage over Tableau due to its seamless integration with Azure Machine Learning

and direct access to AI functionalities within the Power BI environment. In fact,

Power BI score is 4.6 out of 5 while the Tableau one is 4.2.

Figure 3.16: Integration with AI results [11]
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3.3.7 Collaboration and Sharing capability

When assessing Collaboration and Sharing capabilities, both Power BI and Tableau

offer distinct features and considerations. Power BI provides robust collaboration

and sharing functionalities, facilitating seamless teamwork and knowledge exchange

among users. Its integration with Microsoft Office 365 and SharePoint enables users

to collaborate on reports and dashboards in real-time, leveraging familiar tools and

workflows. Power BI’s sharing options allow users to distribute reports securely

within the organization or externally with stakeholders, ensuring data privacy and

compliance. Additionally, Power BI’s integration with Microsoft Teams enhances

collaboration by enabling users to embed reports directly into team channels and

chat conversations. However, some users find the sharing and collaboration features

limited in the free version of Power BI, which may require upgrading to a paid plan

for advanced functionality. Tableau offers comprehensive collaboration and sharing

capabilities through its Tableau Server and Tableau Online platforms. Users can

publish and share interactive dashboards securely, controlling access permissions

and ensuring data governance. Tableau’s subscription model allows organizations

to scale collaboration features as needed, accommodating growing teams and in-

creasing data sharing requirements. Additionally, Tableau’s integration with Slack

and other third-party collaboration tools enhances communication and collabora-

tion among users. However, Tableau’s collaboration features may require additional

setup and configuration, particularly for on-premises deployments, and organiza-

tions may need to invest in server infrastructure to support large-scale collaboration.

To summarize, both Power BI and Tableau offer robust features for sharing and

collaborating on reports and dashboards. Power BI may have a slight advantage

for organizations already invested in the Microsoft ecosystem, thanks to its seam-

less integration with Office 365 and SharePoint. However, Tableau’s centralized

management capabilities and flexible scalability options make it a preferred choice

for organizations requiring comprehensive collaboration features and governance
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controls.

According to Gartner’s assessment, Power BI received a ranking of 4.1 out of

5, while Tableau received a ranking of 4 out of 5 in this criterion. However, the

specific requirements and preferences of an organization should ultimately dictate

the choice between the two platforms.

Figure 3.17: Collaboration and Sharing results [11]

3.3.8 Cost and Licensing

In the evaluation of Cost and Licensing criteria, both Power BI and Tableau offer

distinct pricing models and considerations. Power BI provides flexible pricing op-

tions tailored to the needs of different organizations. It offers both a free version

with limited features and paid plans with advanced functionality and support. The

paid plans are typically subscription-based, with pricing tiers based on user types

and feature sets. Power BI also offers discounts for annual commitments and volume

licensing, making it a cost-effective choice for organizations of all sizes. Addition-

ally, Power BI’s integration with the Microsoft ecosystem may provide added value

for organizations already using Microsoft products and services. However, some

users find the pricing structure complex, with additional costs for premium features

and add-ons. Tableau offers several licensing options, including perpetual licenses,

subscription-based models, and cloud-based deployments. Its pricing is typically

based on factors such as the number of users, deployment type (on-premises or

cloud), and feature requirements. Tableau’s pricing can vary significantly depend-

ing on the deployment size and feature set, with larger organizations often requir-

ing custom quotes for enterprise-scale deployments [27]. While Tableau may have

a higher initial cost compared to Power BI, it offers comprehensive features and
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scalability options that may justify the investment for organizations with complex

data analytics needs. However, some users find Tableau’s pricing prohibitive, par-

ticularly for smaller organizations or teams with limited budgets. In the Cost and

Licensing criterion, both Power BI and Tableau offer competitive pricing options

tailored to the needs of different organizations. Power BI may have a slight ad-

vantage for organizations seeking a cost-effective solution with flexible subscription

options and integration with the Microsoft ecosystem. However, Tableau’s compre-

hensive features and scalability options may justify the higher initial investment

for organizations with complex data analytics needs.

Based on Gartner’s evaluation, Power BI achieved a rating of 4.4 out of 5,

whereas Tableau attained a rating of 4.2 out of 5 in this particular criterion.

Figure 3.18: Cost and Licensing results [11]

3.3.9 Support and Community

When evaluating Support and Community, both Power BI and Tableau offer valu-

able resources for users, but there are differences in their support offerings and

community engagement. Power BI provides extensive support resources through

its online documentation, community forums, and user groups. Users can access a

wealth of tutorials, articles, and troubleshooting guides to address common issues

and learn new features. Additionally, Power BI offers official support channels,

including email support, live chat, and phone support for users with paid sub-

scriptions. The Power BI community is active and vibrant, with a large user base

sharing insights, tips, and best practices through forums, social media groups, and

local user groups. However, the official support options may be considered limited,
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particularly for free users or those with basic subscriptions. Tableau offers compre-

hensive support resources, including online documentation, knowledge base articles,

and video tutorials, to help users get started and troubleshoot issues. Tableau’s

official support includes email support, live chat, and phone support for users with

active maintenance or subscription agreements. Additionally, Tableau provides

dedicated support for enterprise customers, including access to a technical account

manager and priority response times. The Tableau community is known for its

active participation and engagement, with user groups, forums, and social media

channels providing opportunities for collaboration and knowledge sharing. In the

Support and Community criterion, both Power BI and Tableau offer robust support

resources and active user communities, making it challenging to determine a clear

winner. Power BI may have a slight advantage for users seeking accessible support

options and community engagement, while Tableau’s targeted support offerings

may appeal to enterprise customers and users with specific technical requirements.

In the evaluation of Support and Community, Power BI earned a rating of 4.1

out of 5, while Tableau received a slightly lower rating of 4 out of 5. This suggests

that both platforms offer robust support resources and active user communities,

but Power BI may have a slight advantage in this aspect according to Gartner’s

evaluation.

Figure 3.19: Support and Community results [11]

Delineating the comparison between Tableau and Power BI across nine distinct

criteria revealed a notable trend: Power BI excels over Tableau in six key aspects,

while both platforms stand on equal footing in the remaining three criteria. This

comprehensive analysis, based on user feedback and rigorous evaluation, unmistak-

ably underscores Power BI’s superiority in meeting the diverse needs of users and
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organizations.

The compelling evidence of Power BI’s dominance leads to a consequential de-

cision: to adopt Power BI as the primary software for the upcoming empirical

analysis. This strategic selection not only underscores the platform’s technical

excellence but also underscores its alignment with the research objectives and re-

quirements. By leveraging Power BI, the analytical framework is poised to benefit

from robust capabilities and seamless functionality, facilitating a deeper and more

impactful exploration of the research landscape.
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Chapter 4

Application of Power BI

Business Intelligence is a cornerstone for companies, providing indispensable sup-

port for navigating the complexities of data management. Its overarching goal is to

enable organizations not only to assess their performance, but also to decipher the

underlying trends within their data sets. In addition, BI acts as a compass, guiding

companies through the competitive landscape and providing in-depth comparisons

with industry peers. This holistic approach not only sheds light on market posi-

tioning, but also identifies paths for growth and improvement. In essence, BI acts

as a strategic ally, equipping companies with the tools and insights they need to

thrive in an ever-changing marketplace.

In the context of the aerospace industry, it is common practice for companies

to Cluster together to foster collaboration and innovation. These Clusters bring

together a diverse array of stakeholders, including manufacturers, research insti-

tutions, academia, and government bodies, all united by a shared goal of advanc-

ing aerospace technologies and capabilities. By co-locating within these Clusters,

companies benefit from proximity to key partners, suppliers, and talent pools, fa-

cilitating seamless collaboration and knowledge exchange. Moreover, Clustering

encourages synergies among industry players, fostering a fertile environment for

innovation and the rapid development of cutting-edge technologies.
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Periodically, the Politecnico di Torino compiles a comprehensive report map-

ping the Umbria Aerospace Cluster. This report is generated from a large Excel file,

which aggregates data from two primary sources: direct interviews with companies

and the utilization of secondary data. The foundation of the first methodology

adopted consists of conducting direct interviews with companies in the Cluster.

Through these interviews, detailed and qualitative information is sought on the

characteristics and internal dynamics of the companies. To this end, a survey

instrument was developed specifically designed to investigate the characteristics

of the cluster companies but also face-to-face interviews, providing a unique op-

portunity for direct observation of company operations, significantly enriching the

understanding of internal dynamics. For some companies where physical visits

were not feasible, remote interviews were conducted as an alternative. Collectively,

the combination of face-to-face and remote interviews enabled a comprehensive

and diversified insight into the Cluster’s companies, laying a solid foundation for

data analysis and processing. The second pillar of the methodology involves the

utilization of secondary sources, including databases, company websites, and ex-

ternal references. These resources grant access to a wide range of information,

with financial data from the AIDA Bureau Van Dijk proving particularly relevant

for analysis. Overall, the integration of these two approaches - direct interviews

and secondary sources - enabled a thorough and detailed mapping of the Umbria

Aerospace Cluster’s companies [15].

The combined approach adopted offers numerous advantages:

1. Comprehensive and balanced Data Collection: By utilizing both secondary

data and direct interviews, a balanced dataset has been gathered, encom-

passing both quantitative and qualitative information. This has enabled a

comprehensive and detailed view of the Cluster’s companies.

2. Depth and contextualization of Information: Direct interviews have allowed
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for the acquisition of contextualized information. Additionally, they have pro-

vided the opportunity to build a comprehensive framework of each company’s

operational, strategic, and cultural environment.

3. Flexibility: Thanks to the combination of in-person and remote interviews,

it was possible to reach all the Cluster’s companies, demonstrating flexibility

in data collection methods.

These advantages highlight the robustness and adaptability of the chosen method-

ology, contributing to a thorough understanding of the Umbria Aerospace Cluster.

Figure 4.1: Methodology for mapping cluster companies

The report developed so far did not involve the use of any Business Intelligence

software. However, following the comparative analysis conducted in Chapter 3

and the favorable outcome of Power BI, it was decided to proceed with the Cluster

analysis using this software. This decision stems from the recognition of Power

BI’s effectiveness in analyzing and visualizing data, as demonstrated by its superior

performance compared to its main competitor Tableau.

By leveraging the capabilities of Power BI, this thesis aims to improve un-

derstanding of the Umbria Aerospace Cluster, uncovering valuable insights and

facilitating informed decision making.
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4.1 Umbria Aerospace Cluster

The Umbria Aerospace Cluster was established in 2008 through the initiative of

several leading companies, supported by Confindustria Umbria. Today, the associ-

ation represents the umbrian regional industry in the aerospace, space, and defense

sectors.

The Cluster currently comprises 40 member companies, as illustrated in Figure

4.2, generating an aggregate turnover exceeding 500 million euros and employ-

ing over 3000 workers. These companies possess expertise ranging from design to

production, including proficiency in specialized processes and services. This diver-

sification enables them to meet the demands of a constantly evolving market.

The member companies of the Umbria Aerospace Cluster are distinguished by

their strong international orientation: over 75% engage in commercial relations

with international clients, demonstrating a global presence and competitiveness.

The Cluster actively promotes participation in major international events, fosters

collaboration with national and international research institutes and entities, and

invests in the training of its members.

Research and development play a central role for cluster companies, with invest-

ments reaching up to 20% of the average annual turnover. Most of the companies

associated with the Umbria Aerospace Cluster are certified according to ISO quality

standards and specific aerospace industry standards. This reflects the commitment

and dedication of Cluster-affiliated companies to provide high-quality products and

services, as well as their willingness to seize opportunities and attract clients re-

quiring compliance with such certification requirements.

In general, the Cluster’s mission is to promote growth and collaboration among

member companies, with the aim of positioning Umbria as a leader in the aerospace,

space, and defense sectors. This commitment is evidenced by the wide range of

expertise, products, and services offered by member companies, which aspire to
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make the Umbria Aerospace Cluster a reference point in the industry.

Cluster and its associated companies are in a continuous process of evolution

and transformation. Therefore, the information contained in this report refers to

the condition of the Cluster and its member companies as of July 2023. During the

drafting of this thesis, some companies have joined the Umbria Aerospace Cluster.

The companies EN4 S.R.L., ERA Electronic System S.R.L., Meccanotecnica Umbra

S.P.A., Sky Eye Systems S.R.L., andTifast Titanium S.R.L. may not have been

included in all the aggregated results presented in the document.

Figure 4.2: Umbria Aerospace cluster companies

The following analysis provides a quantitative overview of the entities consti-

tuting the Umbria Aerospace Cluster, aiming to offer a comprehensive insight into
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the demographic and economic landscape of the Cluster. It encompasses an exam-

ination of diverse factors, including workforce size, company scale, and economic

indicators. The objective is to gain a thorough understanding of the Cluster’s

composition and characteristics, shedding light on its role and impact within the

aerospace industry.

4.1.1 Workforce and Enterprise Size

The employee count within the Umbria Aerospace Cluster has displayed notable

fluctuations over the past five years, as illustrated in Figure 4.4. In 2018, the Clus-

ter comprised 2.667 individuals in its workforce. Subsequently, there was a sub-

stantial surge in 2019, with the total number of employees reaching 2.969, marking

an impressive 11% growth from the preceding year. Despite the global challenges

posed by the pandemic, the Cluster managed to sustain its momentum in 2020,

expanding its employee base to 3.132, representing a 5.5% increase compared to

2019. However, the trend took a downturn in 2021, with the number of employees

slightly decreasing to 3.091. This decline continued in 2022, as the workforce di-

minished further to 3,062. These fluctuations likely reflect the lingering effects of

the pandemic and may indicate a phase of consolidation following earlier periods

of rapid growth.

It is essential to recognize that such variations in employment are common

in specialized sectors like aerospace, influenced by various internal and external

factors. Nonetheless, despite these fluctuations, the companies within the Um-

bria Aerospace Cluster have maintained a consistently high number of employees,

underscoring the sector’s significance to the regional economy. In the broader con-

text of Umbria’s labor market, the employees engaged through companies affiliated

with the Cluster represent approximately 1.3% of the total workforce in the region.

Looking ahead, growth projections for 2023-2024 and beyond are optimistic, with

expectations of a return to pre-pandemic employment levels and gradual expansion
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beyond that threshold.

Following the analysis conducted on the data showcased in the dashboard, at-

tention is now shifted towards examining the dashboard itself. This dashboard,

constructed using Power BI, operates autonomously, dynamically refreshing its con-

tent upon any modifications made to the source file, which, in this instance, is an

Excel spreadsheet. This attribute endows the dashboard with a responsive essence,

similar to a living entity that continually evolves to reflect the latest insights derived

from data.

Within this dynamic Power BI dashboard, situated at the upper-left corner, are

two visually prominent elements referred to as cards in Power BI. These card com-

ponents serve a pivotal role in summarizing essential metrics or Key Performance

Indicators relevant to the Umbria Aerospace Cluster. Specifically, they provide an

immediate snapshot of vital statistics, including the total count of companies within

the Cluster and the aggregate number of their establishments, encompassing both

domestic and international locations. These cards offer a seamless and automated

updating mechanism, ensuring that they remain synchronized with the underly-

ing dataset. Consequently, as new companies join the Cluster and corresponding

entries are appended to the Excel data source, these cards dynamically adjust to

reflect the most current information available. This feature not only enhances the

dashboard’s usability but also underscores its capacity to deliver real-time insights,

empowering users with up-to-date and accurate data at their fingertips.

Adjacent to these cards, positioned in the upper right corner, lies a dynamic

element known as the Q&A box, embodying an innovative feature within Power

BI. This interactive tool empowers users to engage directly with the dataset by

formulating natural language queries, subsequently translated into actionable data

inquiries yielding immediate responses. Notably, the Q&A box extends its utility by

offering prompt suggestions, facilitating effortless exploration of pertinent insights.

For instance, users can effortlessly inquire about metrics such as the number of
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companies with international offices, thereby streamlining the analytical process

and fostering a deeper understanding of the underlying data patterns.

Within the dashboard, positioned in the bottom-left corner, is a pie chart illus-

trating the count and relative percentage of each company’s size. Specifically, to

categorize the firms, the analysis relied on the segmentation outlined in Figure 4.3.

This segmentation facilitated a comprehensive understanding of the distribution of

company sizes within the Cluster, aiding in the assessment of its composition and

dynamics.

Figure 4.3: Categorization of Company Size within the Cluster

Completing the dashboard’s layout, positioned in the lower right corner, is a

dynamic bar chart depicting the workforce trends within the Cluster from 2018 to

2022, the latest year available in the AIDA secondary data source. This chart offers

a visual representation of the Cluster’s staffing trends over the specified period,

facilitating the analysis of fluctuations and patterns in employment figures. This

temporal analysis enables stakeholders to discern patterns and trends, informing

strategic decision-making processes within the Cluster.

Through its amalgamation of interactive features and insightful visualizations,

the Power BI dashboard serves as a powerful tool for exploring and understanding

the demographic and economic landscape of the Umbria Aerospace Cluster.
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Figure 4.4: Workforce and Enterprise Size Dashboad on Power BI

4.1.2 Revenues from Sales and Services and Profits

The analysis of the Total Revenues from Sales and Services generated by the Clus-

ter’s companies over the past five years reveals a generally positive trend, as de-

picted in Figure 4.5. In 2018, the Cluster’s Total Revenues stood at 496.318k€,

emphasizing its significant contribution in the regional economy. This figure in-

creased to 571.050k€ in 2019. However, the year 2020 witnessed a downturn, with

revenues decreasing to 459.517k€ due to the economic challenges stemming from

the global COVID-19 pandemic. Despite experiencing growth in 2021, reaching

492.701k€, it was slightly below expectations, possibly indicating the long-term

effects of the pandemic. Nonetheless, by 2022, revenues rebounded to 537.867k€,

showcasing the Cluster’s resilience post-contraction. Forecasts for 2023 surpass pre-

vious record values, signaling optimism for the Cluster’s future and the industry

at large. Contributing to this optimism are factors such as post-pandemic eco-

nomic recovery, investments in innovation and technology, and increasing demand

for advanced aerospace solutions.

Examining the Average Revenues segmented by company size, provides deeper
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insights into the Cluster’s dynamics. These figures demonstrate significant fluctu-

ations, reflecting the diverse composition of companies within the Cluster:

• Micro companies displayed volatility in average revenue over the analyzed

period. Following a notable increase in 2019, micro enterprises experienced a

significant decline in 2020, followed by a slight rebound in 2021 and a mild

contraction in 2022, bringing average revenues back to 2020 levels.

• Small and medium-sized companies exhibited a growth trend from 2018 to

2019, followed by a contraction in 2020. Despite this contraction, these two

categories remain crucial in the Cluster, contributing substantially to total

revenues. The resurgence observed in 2021, and even more in 2022, indicates

an economic recovery post-pandemic.

• Large companies showed a similar trend to small and medium ones, contribut-

ing to around 60% of the Total Cluster Revenue.

The analysis of the aggregate Profits of the Umbria Aerospace Cluster over the

past five years reveals notable fluctuations. In 2018, Profits amounted to 33.094k€,

underscoring the Cluster’s effectiveness and profitability, which served as the pri-

mary driver of growth for the companies. The subsequent year, in 2019, witnessed

a significant decline in profits, totaling 23.399k€. This trend continued in 2020,

with profits further decreasing to 10.970k€, aligning with the downturn in Total

Revenues attributed to the global economic impact of the COVID-19 pandemic.

However, despite these challenges, the Cluster has shown resilience, maintaining

significant profits under adverse conditions. A notable recovery in profits was ob-

served in 2021, surging to 24.806k€. Yet, in 2022, profits experienced a significant

contraction, dropping to 17.129k€. Future profit projections suggest optimism,

anticipating a renewed growth trajectory similar to the post-pandemic period.

The analysis of average profits for each business size category provides a com-

prehensive overview of the financial performance of companies within the Cluster.
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• In the case of micro companies, there was an increase in average profit from

2018 to 2019, followed by a decrease in 2020, which even reached negative

values, indicating losses for micro enterprises. In the following years, a slight

recovery is observed.

• Small and medium-sized compannies show similar trends, with variations in

total contributions: they peaked in 2019 followed by a sharp decline in 2020;

however, in 2021, the average profit returned to positive, followed by a sig-

nificant increase in 2022, indicating a strong recovery capacity.

• Large companies showed a negative trend from 2018 to 2020, reaching the

lowest point in this year. Subsequently, there was a significant recovery in

2021. However, in 2022, the average profit decreased again, although it did

not reach the levels of the pandemic period.

Focusing now on the dashboard encompassing these datasets, it is possible to

delineate two primary sections that have been crafted.

The initial section revolves around presenting the outcomes of the Revenue

analysis concerning Sales and Services. Here, on the left side, there is an aggregated

overview, consolidating data from all cluster companies, per year. Conversely, the

right side entails a more detailed breakdown, segmenting these values based on the

respective company sizes. This segmentation offers nuanced insights into Revenue

distribution across various scales of enterprises within the Cluster.

Transitioning to the subsequent section, it mirrors a similar structure but focuses

on Profit analysis. On the left side, the bar chart encapsulates this information,

offering a graphical representation of profit trends over time. Meanwhile, the Clus-

tered column chart on the right provides a comparative view, pitting the profits

across different company sizes. This layout enables a comprehensive evaluation of

profit dynamics within the Cluster, facilitating nuanced comparisons and insights

into profitability trends based on company size categories.
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Figure 4.5: Revenues and Profits Dashboard on Power BI

4.1.3 Economic Indicators: ROS, ROE, ROA

Economic Indicators are fundamental tools used to assess the performance and

financial stability of companies operating across different sectors. Among the mul-

titude of financial indicators available, Return on Equity (ROE), Return on Assets

(ROA), and Return on Sales (ROS) stand out as key metrics in assessing profitabil-

ity and operational efficiency. Each indicator offers a unique perspective on the

company’s financial performance, shedding light on its ability to generate profits,

utilize assets effectively, and manage sales revenue. Understanding these indica-

tors and their implications is essential for stakeholders seeking to assess the overall

financial strength and profitability of a company.

• Return on Sales: ROS is a metric that measures the profitability of the com-

pany’s sales. It represents the ratio of net income to total sales revenue. ROS

provides information on the percentage of profit generated from each unit

of sale. A high ROS indicates that the company is generating a high profit

relative to sales volume, while a low ROS may indicate low sales profitability.

• Return on Equity: ROE is a metric that measures the profitability of share-

holders’ investments in the company. It represents the ratio of the company’s
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net income to shareholders’ equity. In other words, ROE indicates how prof-

itable the company is in generating profit using the capital invested by share-

holders. A high ROE is generally considered positive, indicating that the

company is effectively using shareholders’ capital to generate profits.

• Return on Assets: ROA is a metric that evaluates how efficiently the company

uses its assets to generate profits. It represents the ratio of the company’s

net income to total assets. ROA provides insights into the return generated

from all of the company’s assets, regardless of the source of financing. A high

ROA indicates that the company is efficient in utilizing its assets to generate

profits.

The analysis of these indicators allows for providing an overview of the prof-

itability of the Umbria Aerospace Cluster.

Return On Sales

ROS provides an overview of how different companies within the Cluster have

been able to generate profits from their sales. Despite challenges, the ability of all

categories of companies to generate a positive ROS demonstrates their resilience

and ability to adapt to market conditions. Within the context of the Cluster, ROS

performance exhibits different trends depending on the size of the company.

• Micro companies displayed a declining ROS from 2018 to 2020, reaching neg-

ative values, indicating losses generated from sales. However, there was a

notable recovery in 2021, followed by a further increase in 2022, which bodes

well for optimistic prospects in 2023.

• Small companies showed a positive ROS trend until 2019, followed by a sharp

decline in 2020. Nevertheless, there was a remarkable recovery in 2021, with

continued growth in 2022.

81



Application of Power BI

• Medium companies exhibited a trend similar to that of small enterprises,

experiencing fluctuations in ROS over the years analyzed.

• Large companies, in contrast, experienced a substantial decline from 2018 to

2020, showing relatively stable trends from 2020 to 2022.

Return On Equity

Examining the performance of ROE within the Cluster reveals diverse dynamics

depending on the size of the company.

• For micro companies, ROE exhibited a growing trend from 2018 to 2019, sug-

gesting effective profit generation from invested capital. However, in 2020, it

showed a negative ROE, indicating challenges in generating profits relative

to the invested capital. This negative ROE might be attributed to factors

such as increased expenses or decreased revenues during the COVID-19 pan-

demic. Nevertheless, there was a strong recovery in 2021 and 2022, indicating

improved profitability and potential resilience to economic downturns.

• Small companies demonstrated a similar trend, with a less negative ROE in

2020 compared to micro companies. This suggests that small companies might

have been better equipped to weather the challenges posed by the pandemic.

• Medium companies experienced a decline in ROE from 2018 to 20210, followed

by a recovery in 2021 and 2022. Despite the initial decline, the subsequent

increase in ROE indicates an improvement in profitability and efficiency in

utilizing invested capital.

• Large companies witnessed a significant decline in ROE in 2019 compared to

2018 levels, touching nearly negative values. However, there was a trend of

growth in 2020 and 2021, indicating potential improvements in profitability.
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Nonetheless, there was a decline in 2022, suggesting ongoing challenges or

fluctuations in performance.

Return On Assets

The analysis of the ROA trend provides further insights into the performance of

companies across different size categories within the Cluster.

• Micro companies experienced a steady increase in ROA until 2019, reaching

a peak in 2020, but then saw a slight downturn in 2021, maintaining stability

in 2022. This decline may indicate challenges faced by this size-category

companies in 2022, affecting their profitability from assets.

• Small companies exhibited an upward trend in ROA until 2019, followed by a

contraction in 2020, with a modest recovery in 2021 and 2022. This suggests

that while small companies encountered difficulties in 2020, they are gradually

recovering.

• Medium companies displayed a ROA trend akin to small enterprises, although

with a more pronounced recovery in 2022, signaling positive prospects for

2023.

• Large companies faced a declining ROA from 2018 to 2020, followed by a

marginal uptick in 2021 and 2022. This pattern implies that large enter-

prises grappled with significant challenges in 2019 and 2020, impacting their

profitability from assets.

Following the comprehensive analysis of the ROE, ROS, and ROA trends, the

focus now shifts towards dissecting the composition of the Power BI dashboard

illustrated in Figure 4.6. The dashboard comprises four distinct sections, each

designed to provide insights into the financial performance of companies within the

Cluster over time.
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The first three sections prominently feature Clustered column charts, tailored

to depict the trend of each financial indicator from 2018 to 2022. These charts

are thoughtfully segmented based on the size classification of companies within

the Cluster, facilitating a nuanced examination of how varying company sizes have

navigated the financial landscape over the specified timeframe. In contrast, the

fourth section of the dashboard shifts focus towards a summary view of the Clus-

ter’s financial performance in the latest available year, 2022. It has been done

through the use of gauge visualization in Power BI. This snapshot serves as a cru-

cial reference point, enabling to gauge the Cluster’s performance in the most recent

period and compare it against historical data to identify emerging trends or areas

for improvement.

Figure 4.6: ROS, ROE and ROA Dashboard in Power BI

4.1.4 Impact on the Value Chain

Through comprehensive interviews conducted with each company within the Aerospace

Cluster, it became feasible to quantify their involvement across different stages of

the aerospace industry’s value chain. Represented in Figure xx, a qualitative esti-

mation of the impact, defined as the extent of significance and concentration that
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companies dedicate to specific phases or segments of the value chain, has been

provided.

The analysis highlights a substantial impact of cluster companies’ activities par-

ticularly in the initial phases of the value chain, encompassing Design and Develop-

ment as well as Production of Parts and Components. The pronounced engagement

in the initial phases of the value chain suggests the ability to exert influence on the

ultimate product or service in terms of innovation, quality, and cost-effectiveness.

Such capability necessitates an in-depth understanding of aerospace technologies

and requirements. Within the context of the Umbria Aerospace Cluster, the signif-

icant impact on the initial phases of the value chain underscores a concentration of

specialized and technological expertise.

The Testing phase emerges as significantly impactful within the Cluster, with

numerous specialized companies actively contributing and boasting specific exper-

tise in this realm. This underscores the paramount importance placed on the quality

and safety of aerospace products, critical factors in this industry. It is noteworthy

that the majority of manufacturing companies within the Cluster possess advanced

in-house testing facilities. These laboratories serve as integral components in the

production process, ensuring product quality and adherence to technical specifi-

cations. This strong commitment to testing, encompassing both internal quality

control and the development of specialized tools, underscores a deeply ingrained

culture of quality within the Cluster.

Regarding the System Integration phase, cluster companies’ impact appears

moderately significant within the aerospace sector’s value chain. Despite notable

competencies in this domain within the Cluster, most companies seem to priori-

tize the production of individual components over their integration into finished

products. This highlights a unique aspect of the Cluster, namely a prevalence of

activities centered on component manufacturing rather than system integration.

This observation suggests potential for further development of system integration
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capabilities within the Cluster, aiming to establish a more integrated ecosystem

capable of overseeing the entire aerospace production process.

cluster companies also demonstrate considerable activity in Marketing and Sales

endeavors, reflecting the Cluster’s effectiveness in positioning its products in the

market and attracting customers. Many entities within the Cluster have estab-

lished direct relationships with major players in the aerospace sector, qualifying

them as Tier 1 suppliers. The active participation of cluster companies in interna-

tional industry fairs is particularly notable, indicating a clear inclination to broaden

their market reach, actively pursue new customers globally, and forge strategic rela-

tionships and partnerships. This proactive and market-driven approach by cluster

companies underscores a strategic orientation toward customer needs and the deliv-

ery of high-quality solutions that align with customer expectations. Such endeavors

contribute significantly to consolidating the Cluster’s reputation and the associated

companies in fostering enduring relationships with customers.

The dashboard illustrated in Figure 4.7 has been developed interactively using

Power BI. The key element of the dashboard is the Radar Chart. It is noteworthy

that the Radar Chart is not among Power BI’s default visualization options but

can be easily added by downloading it from the "Get more visuals" feature. This

flexibility empowers users to customize their dashboards to suit their specific needs

and leverage a wide range of available data visualization tools. The Radar Chart

is a data visualization tool representing information in a spider web-like diagram,

with different categories positioned along radial axes and values depicted as points

connected by lines. In this specific context, the Radar Chart illustrates the phases

of the aerospace industry value chain where cluster companies are concentrated,

arranged clockwise from the most impacted to the least impacted. Adjacent to

the Radar Chart, there is a filter pane allowing users to select a specific category

of company size within the Cluster. This enables interactive exploration of how

companies’ concentration in certain value chain phases varies based on their size.
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Figure 4.7: Impact on the Value Chain Dashboard in Power BI

4.1.5 Business Skills: Specialization Areas, Engineering Skills,

Production Skills

In the context of assessing the skills of companies within the Cluster, a methodol-

ogy based on the Aerospace Industry Competency Model has been applied. This

model is internationally recognized and focuses on the specific skills needed in the

aerospace sector. Using this model has allowed for a thorough and comprehen-

sive analysis of the Cluster’s competencies, providing detailed insights into the

capabilities of the participating companies. The analysis primarily focuses on the

"Industry-Wide Technical Competencies," which are unique to the aerospace indus-

try and offer valuable insights into the technical and operational capabilities of the

companies. These competencies are categorized into three main dimensions:

• Specialization areas represent the sectors in which cluster companies demon-

strate high competence and consolidated experience, particularly distinguish-

ing themselves for the quality and innovation of the products and services

offered.

• Design competencies pertain to the companies’ ability to design innovative

and high-quality solutions in line with the most advanced standards of the
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aerospace sector.

• Production competencies refer to the companies’ capacity to implement tech-

nologies and production models typical of the aerospace sector, ensuring effi-

ciency and quality.

Specialization Areas

The breakdown of expertise areas within the Umbria Aerospace Cluster presents a

clear picture of its strengths in the industry, as is possibl to see in Figure 4.8.

The most significant field is that concerning Industry Standards and Certifica-

tions, reflecting the Cluster’s emphasis on compliance with industry regulations.

This emphasis is crucial for maintaining high standards and ensuring alignment

with regulatory requirements. Next in importance is Quality Assurance indicating

the Cluster’s commitment to producing top-quality products and services, which

is often seen as a key factor in setting it apart in the aerospace sector. The im-

portance of the aeronautical sector highlights the significant involvement of many

cluster companies in this particular segment of the industry. Aeronautics emerges

as one of the Cluster’s primary areas of specialization, demonstrating a wide range

of skills possessed by participating companies in this field, particularly in the design,

production, and maintenance of aircraft components and systems. While Avionics

and Training areas show limited significance, some companies offer specialized ex-

pertise in these fields. Lastly, there is a noticeable gap in competencies related to

Propulsion, Aerodynamics, and Thermodynamics.

Overall, these findings depict the Umbria Aerospace Cluster as possessing a

diverse range of specialized skills, with particular emphasis on "Standards and Cer-

tifications, Quality Assurance, and Aeronautics.
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Figure 4.8: Specialization Areas Dashboard in Power BI

Engineering Skills

The Umbria Aerospace Cluster showcases a diverse array of technical proficien-

cies, particularly in fields such as Mechanical Engineering, Electronical Engineer-

ing, Software Engineering, Systems Engineering, Production Process Engineering

as depicted in Figure 4.9. This blend of capabilities enables the Cluster to tackle a

wide spectrum of technical hurdles and devise various innovative solutions tailored

to the aerospace sector’s needs. With the aerospace industry continuously evolving,

the Cluster stands well-prepared to capitalize on its existing expertise and cultivate

fresh competencies to address forthcoming challenges.

Mechanical engineering assumes a fundamental role within the Cluster, with

firms possessing these skills making substantial contributions to the ecosystem by

crafting and industrializing components and products indispensable to the aerospace

domain. Equally crucial are the competencies in Electronical Engineering, Soft-

ware Engineering, Systems Engineering, Production Process Engineering within the

cluster. These disciplines intersect to furnish comprehensive, integrated solutions.

Systems Engineering entails overseeing the design and management of intricate sys-

tems, ensuring seamless integration of all components. Meanwhile, Electronic and
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Software Engineering focus on devising circuits, systems, and software essential

across various aerospace domains, including flight control, navigation, and commu-

nication systems. Production Process Engineering forms the bedrock of the cluster,

with numerous companies, particularly those involved in metal component process-

ing and production, exhibiting advanced proficiency in this realm. These entities

prioritize enhancing process efficiency, minimizing costs, boosting productivity, and

upholding stringent quality standards.

Electrical and Structural Engineering also play vital roles within the Cluster.

The first expertise aids in conceptualizing and developing aircraft electrical systems,

encompassing power distribution and control mechanisms. In contrast, the second

one concentrates on designing and analyzing aircraft structures to ensure structural

integrity and safety.

It is noteworthy that certain areas like Chemical Engineering, Optical Engineer-

ing, and Launch System Engineering currently do not constitute primary sectors

for cluster activities. However, this is not indicative of a lack of expertise but rather

reflects a strategic concentration of capabilities on sectors deemed more pivotal for

the cluster’s operations. The absence of a pronounced presence in these specific

domains aligns with the strategic direction embraced by cluster entities.

Figure 4.9: Engineering Skills Dashboard in Power BI
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Production Skills

Through interviews conducted with companies within the Umbria Aerospace Clus-

ter, a comprehensive and dynamically evolving landscape of technical and produc-

tive skills is revealed in Figure 4.10. In particular, the production of aeronautical

components encompasses a wide range of procedures, ranging from component as-

sembly to high-speed mechanical processing, from composite material production to

electronic product manufacturing, as well as joining, welding, and assembly phases,

non-destructive testing, and coating and special processes.

High-speed machining, crucial for the aerospace cluster, represents a techno-

logical strength thanks to the use of state-of-the-art machinery, including latest-

generation CNC machines. This technology allows working on components of var-

ious sizes with extremely high precision. It is noteworthy that despite a substan-

tial presence of companies engaged in mechanical component production, there is

not significant overlap in activities and competitive dynamics remain contained.

Instead, instances of synergy among these companies suggest a preference for col-

laborative and complementary engagements over direct competition. This collabo-

rative spirit facilitates partnerships, knowledge exchange, technology sharing, sup-

port network establishment, and specialized workload distribution. Furthermore,

it encourages diversification of solutions, enhances resilience against market fluc-

tuations, and delivers a more comprehensive service to clients. The substantial

deployment of CNC machines within the Cluster not only signifies the companies’

commendable technological prowess but also underscores their adeptness at keep-

ing abreast of technological advancements. These machines necessitate specialized

skills for operation and maintenance, underscoring the Cluster’s commitment to

personnel training and the cultivation of advanced competencies. Another notable

cluster strength lies in its capability to conduct Non-destructive Testing, a criti-

cal competency ensuring the quality and safety of aeronautical components. This

encompasses a range of techniques aimed at identifying defects or malfunctions
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without causing harm to the component itself.

A significant aspect lies in the expertise in Electronics Material Processing. This

proficiency reflects the growing importance of electronic and digital technologies in

the aerospace sector, spanning applications from flight control systems to com-

munication systems. Several companies within the cluster specialize in designing,

producing, and testing electronic products. They offer a diverse range of tailored

solutions, maintaining strict standards of quality and reliability. Importantly, these

companies’ skills extend beyond aerospace, finding application in other industrial

sectors such as automotive, consumer electronics, and industrial automation.

Another crucial aspect of the cluster’s expertise lies in managing Joining, Eeld-

ing, and Assembly Processes. These techniques, essential for integrating various

components into more complex structures, demand high levels of skill and preci-

sion. Cluster companies are proficient in executing a range of joining processes,

employing both traditional methods and cutting-edge techniques.

Within the Cluster, the Aerospace Component Assembly Procedures is a fun-

damental expertise, crucial for transforming individual components into complete

aerospace systems. These processes involve a series of highly specialized assembly

techniques, requiring precision and detailed knowledge of the materials and com-

ponents used. Some cluster companies are proficient in effectively managing the

complexity of these processes.

Although not the focal point of the cluster’s activities, skills related to Special

Processes and Coating are still present. This diversity of expertise allows the Cluster

to offer finished products, ready for assembly, which do not require further external

processing. This expands the cluster’s offerings, providing added value to customers

and contributing to a more efficient and integrated aerospace value chain.

Despite these highly developed skills, there are areas where the cluster shows less

presence, such as Composites Manufacturing. This could represent an opportunity

for future development and expansion, given the increasing importance of composite

92



4.1 – Umbria Aerospace Cluster

materials in the aerospace sector.

Figure 4.10: Production Skills Dashboard in Power BI
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Chapter 5

Conclusions and Future Directions

The foregoing discussion has attempted to emphasize the idea that the integration

of Business Intelligence into organizational frameworks represents a fundamental

step in the modern view of organizational strategy. However, despite the associated

costs, such as the one linked to the integration into existing company infrastruc-

tures, the benefits have proven to outweigh them. The ability to extract actionable

insights from vast datasets and present it in interactive visual dashboards enables

companies to make informed decisions and maintain competitiveness in dynamic

modern industries.

Among all the software options for data visualization considered, Power BI has

stood out for its exceptional capabilities and versatility. Its intuitive interface,

robust functionality and tight integration with the Microsoft ecosystem make it a

preferred choice for organizations worldwide. In the specific context of this research

analysis, Power BI proved efficient in streamlining and automating the economic

analysis of the Umbria Aerospace Cluster, making each company’s self-assessment

and comparison with competitor fast and effective through the messages conveyed

by the dashboards.

Peering into the future, the integration of Artificial Intelligence could drive the
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evolution of data visualization tools, representing a promising avenue for advance-

ment. One potential future direction for data visualization tools is the incorpora-

tion of AI-driven algorithms for data analysis and interpretation. These algorithms

could help identify patterns, trends, and anomalies in data more efficiently and

accurately than traditional methods. Furthermore, AI can enhance the user ex-

perience by interacting with data using conversational commands, making data

exploration more accessible to a broader audience.

The arguments above prove that Power BI’s dynamic and interactive dash-

boards offer a superior alternative to traditional slide presentations powered by

spreadsheets, providing the audience with real-time insights and a deeper under-

standing of complex datasets. For this reason, it is not ruled out that in the future

there may be a partial or complete replacement of previous methods, making room

for automated and efficient software like Power BI.
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