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Abstract: The rapid advance of business technologies in recent years has made knowledge an
essential and strategic asset that determines the success or failure of an organisation. Access to the
right information in real time and with high selectivity can be a competitive advantage in the business
environment. Business intelligence systems help corporate executives, business managers, and other
operational workers make better and more informed business decisions. This study aimed to assess
the impact of using business intelligence tools on the decision-making process in organisations,
specifically in sales marketing. The methodology applied to realise the study’s objective was the
Vercellis methodology. A set of data available on the sales marketing website SuperDataScience was
used to implement a set of pressing KPIs for the business decision-making process in the area. Using
these data, a complete business intelligence system solution was implemented. A data warehouse
was created using the ETL (extract-transform-load) process, and the data were then explored using
a set of dynamics dashboards with a view of the business metrics. The results showed the use of
business intelligence systems that allow the integration and transformation of data from various
sources stored in data warehouses, where it is possible to implement KPIs and carry out quick,
concise, easy-to-interpret graphical analyses. This paper contributes to a better understanding of the
importance of data-integrated dashboard visualisation for the decision-making process.

Keywords: business intelligence; decision-support systems; KPI; dashboards

1. Introduction

Technological development has grown exponentially in recent decades and affected
business models [1]. One of the aspects to be improved is adopting technology that focuses
on management, including strategic intelligence needs, with the use of business intelligence
(BI). With BI, all company departments are expected to manage existing data and obtain
quality information to optimise decision-making, resulting in functional financial benefits
for the company and managers [2].

The cloud BI solution is an asset that can be harnessed, developed and used as a tool
that can help generate more excellent value in collecting, analysing and disseminating
information to improve and better support the decision-making process [3].

BI uses visualisation to present intangible data to end users. Decision-makers can view
real-time results and analyse organisational performance [4].

Dashboards provide a synthesised, aggregated and interactive way of visualising
information critical to business decision-makers and can proactively alert them to existing
problems. At the strategic level, through business intelligence systems, it is possible
to define the main goals (the organisation’s strategic key performance indicators) and
objectives and to monitor them [5,6].

Establishing and monitoring key activities is crucial for companies to improve business
performance. Such a task starts by defining these key activities represented by the key
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performance indicators (KPIs). Key performance indicators help companies measure how
they are achieving their main goals and strategies. Detecting what is not going so well
in critical operations is also helpful in correcting the activities generating the losses and
identifying areas for improvement.

Business analysts and the decision-making elements need to obtain this information
in an understandable and dynamic representation. Usually, this involves a performance
dashboard with all the company’s vital KPIs represented.

According to [7], “A performance dashboard is a multilayered application built on
a business intelligence and data integration infrastructure that enables organisations to
measure, monitor, and manage business performance more effectively”.

Key performance indicators use integrated data through powerful expressions to
expose in an understandable way sales results, marketing campaigns, pricing strategies,
etc. To obtain the integrated data, a business intelligence solution is needed that integrates
all the data into a unique repository called a data warehouse, recurring to use powerful
expressions for further dashboarding exploration.

The adoption rate of BI technologies by SMEs (small and medium enterprises) is still
low (lower than 22%), according to [8-10]. Decision-makers need to be made aware of the
strategic advantages of adopting these tools.

Akbar et al. [11] after identifying the needs of the business, presented an implementa-
tion study of BI systems for sales, intending to produce reports in the form of interactive
dashboard visualisation that store managers can use to make better decisions. Adriansyah
and A. Y. Ridwan [12] presented a study that measures the direct impact of the development
of production in the leather industry using eco-friendly criteria. It concluded that the best
tool to control this process is the dashboard. They compared the process performance
using and not using the eco-compatibility criteria. Halim et al. [13] presented a study that
aims to assess the degree of customer reaction satisfaction, responding to increasingly high
expectations and market competitiveness, using internal and external data (i.e., online
reviews) collected from six restaurants. They concluded that the use of graphic dashboards
facilitates decision-making by restaurant managers, highlighting, in particular, the time
saved in the decision-making process [11-13], and they are unanimous on the advantages
of using BI tools to support the decision-making process by managers. The study we will
be presenting will also look at the advantages of using BI tools in a different context.

This study aims to explore a Bl solution using the Power BI tool and its ability to
integrate data, analyse data, and visualise information that allows managers to make
appropriate decisions to support the decision-making process in the sales area simply
by using reports and dashboards. The use of business intelligence puts organisations
at the forefront of innovation by turning raw data into insights that improve business
performance by sustaining better decisions. Using empirical data from a sales use case, it
was once again possible to demonstrate the potential of applying BI tools. From a set of
disaggregated data on a spreadsheet, after implementing the ETL process, it was possible
to develop integrated performance dashboard visualisation with Power BI as a platform.

2. Theoretical Background

The use of Bl platforms is now a top priority for many managers. The use of Bl systems
has become a strategic initiative and is now recognised by CIOs and business leaders as
fundamental to company efficiency and innovation. They provide the ability to analyse
business information to support and improve management decision-making across various
business activities.

2.1. Business Intelligence

According to Kimball [14], the business intelligence concept is a digital tool with
mechanisms that help the user collect, process, store and organise a large amount of data
to assist in decision-making processes and interpret relevant information. It includes two
primary activities: getting data in and getting data out. Getting data in, traditionally
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called data warehousing, involves moving data from a set of source systems into an
integrated data warehouse. The enterprise resource planning (ERP), customer relationship
management (CRM), and supply chain management (SCM) tools databases are examples
of different sources [15]. The second activity, BI, consists of business users and applications
accessing data analytics. Figure 1 presents the Bl framework [16] proposed by Watson
and Wixom.
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Figure 1. Wixom and Watson’s business intelligence framework.

Data that flow in the organisation are more granular and produced in much larger
volumes than ever before. The extract, transform, and load process helps to integrate
these data and ensure their validity and usefulness to an organisation. Typically, the
transformation process occurs in the data staging area [17], where the data are cleaned,
transformed, and loaded into the data warehouse.

The ETL process is very complex, and its execution is usually time-consuming.

In addition, the tool cleanses the data before storing it in the data warehouse and
preparing it for BI tasks. These are the back-end processes of a traditional BI system. When
data are available in a central data warehouse, different levels of media servers are used for
data analysis, which serves as the basis for decision reports used by decision-makers [18].

The limitations of implementing the BI can be summarised as internal, external, and
technical factors. Berhane et al. [19] and Gudfinnsson et al. [20] identified internal factors,
and stated that there may be limitations in the knowledge of their employees in the use of
BI tools without adequate training for them. There is also a tendency for the organisation’s
employees to use existing tools and processes instead of this kind of information system,
even if this takes longer to run. Regarding external factors, the same authors emphasised
that when external IT consultants exist, difficulties may arise in obtaining the necessary
support for using Bl concerning organisational processes. In addition, regarding technical
factors, the same authors stated that problems may occur in terms of the quality of the
information in this new tool. Difficulties may also arise that cause the information to be
manually entered into the system, which will also be a problem considering that there is
a possibility that this manual process has errors or failures. Information privacy can be
a technical challenge for organisations, as it can cause problems when data are loaded
into the BI system [21]. It is, however, necessary that, to maximise their performance,
they outline strategies and plans so that the business intelligence tools meet their needs,
constantly considering all the challenges and limitations described here.

2.2. Key Performance Indicators (KPIs) for Sales

Technological development has provided organisations with different and new tools,
which have proved very useful for improving, modifying and perfecting the practices they
use, as well as for setting new objectives and achieving various goals.

Business organisation performance refers to the results or achievements an organisa-
tion obtains during its operations [22,23]. It encompasses various aspects that describe an
organisation’s success in achieving its goals. The performance of a business organisation
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is not just limited to financial aspects; it also involves other factors that can impact the
organisation’s sustainability and long-term success [24,25].

Management performance measurement based on key performance indicators (KPIs)
has been widely applied in organisations. By definition, KPIs are a set of financial and
non-financial metrics meant to reflect the dimensions of organisational performance that
are most important to the organisation [26].

Performance indicators have specific characteristics known as SMART, i.e., a KPI must
be specific, measurable, attributable, realistic and time-bound [27].

KPIs provide targets to help organisations to make better decisions. Key performance
indicators from finance and human resources to marketing and sales help every business
area move strategically [28].

Based on the literature [6,29-32], Table 1 presents the sales KPIs usually implemented
in organisations to ensure the sales business processes achieve the strategic desire needs.

Table 1. Sales KPlIs.

KPIs/Metrics

Description (Maths Formula) Analysis Examples

Number of units
“Are business products
selling?”

Sales volume

“Is business steadily
growing?”

Gross/net profit

“Is the business
profitable?”
Number of orders
“Is the business
increasing the number of
orders?”
Customer churn rate
“Is the business losing
customers?”
Customer retention rate
“Is the business
maintaining customers?”
Number of complaints

The number of units sold is the sum of all the quantities that
can be analysed by month, quarter, year and even by day,
depending on the granularity declared in the DW fact table.

(quantity x price) that can be analysed by month, quarter,

The percentage of customers who stop doing business with

The percentage of customers who continue to do business

L quantity Which countries order more?

Which products sell more?
Which brands sell more?

)_quantity x price

The sales volume represents the sum of all the sales What are the daily, weekly, monthly,

quarterly,
and annual sales?

year and even by day, depending on the granularity What are the target countries?

declared in the DW fact table.
Y profit

The gross/net profit is the sum of all the product profits that ~ Which are the most profitable products?
can be analysed by month, quarter, year and even by day,
depending on the granularity declared in the DW fact table.

Which are the most profitable brands?

Y orders

The number of orders is the sum of all the orders that can be

?
analysed monthly, quarterly, yearly and even daily, Number of monthly orders?

depending on the granularity declared in the DW fact table.

NumberInitial Costumers — NumberFinalCostumers
NumberlInitial Costumers

How many customers are we losing in
. a period?
a company over some time.

NumberCostumersEndPeriod — NumberNewCostumers
NumberCustomersEndPeriod

How many customers does a company

. . . retain in a period?
with a company over a given period.

Y OrderComplaints How many complaints in a period?

2.3. Performance Dashboard

A dashboard is a powerful interactive data visualisation and analysis tool, presenting
critical KPIs through various visualisations, allowing direct and efficient data exploration
more profoundly, with filters and drill-down capabilities.

Dashboards result from Bl applications that monitor, examine and control the organi-
sation’s main activities [27,33]. Dashboards present the main business metrics to enable
managers to make the right decision and introduce value-added improvements to the busi-
ness [34,35]. Dashboards are an efficient tool for decision-makers to graphically visualise
key performance indicators (KPIs) related to business process activities [36].

Performance dashboards synthesise information collected from different information
systems of organisations and build it into various screens for the other players [37].

Data information is synthesised into graphics that increase perception and facilitate
conclusion and understanding [38]. A systematic combination and data structuring can
be translated into easily understandable visualisations to improve interpretation, com-
prehension, and decision-making [39]. Eckerson [33] described how users must have
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different dashboards because they need other functionalities. Executives want to monitor
the state of the organisation. Managers analyse information related to company perfor-
mance and personnel in a more detailed way. Each user needs their KPIs to be added to
their dashboard.

Wilbanks and Langford [40] pointed out some advantages of dashboards, such as the
ability to evaluate large amounts of data, demonstrate results in an easy-to-interpret layout,
provide notifications of metrics that deviate from predefined acceptable levels to reduce
adverse events, provide decision-making assistance to improve efficiency and quality and
bring data-based decision-making to executive management.

Yigitbasioglu and Velcu [41] carried out an analysis of the design of the dashboards.
In their opinion, a graphical form is the most suitable format for presenting sales forecasts.
Graphs also reduce information overload when compared to tabular information.

3. Materials and Methods

This study aims to explore Power BI’s ability to integrate data, analyse data and
visualise information that allows managers to build appropriate decisions to support the
decision-making process in the sales area through the simple use of reports and dashboards.

Considering the problem and the purpose of the study, the following specific objectives
are defined:

- Tounderstand the evolution of technology, namely business intelligence, in the context
of the digital transformation of companies;

- Toimplement a BI solution for a case study;

- Tounderstand the importance of using business intelligence to support the decision-
making process in organisations.

The study entails applied research using cross-sectional qualitative and quantitative
data available on the Web. Vercellis [42] proposed the methodology adopted for imple-
menting the BI platform, which consists of four main phases: analyse, design, plan, and
implement and control.

The first phase is the analysis phase, which begins with identifying the organisation’s
needs. The needs are recognised through interviews with employees in several departments
and the organisation managers. The general objectives and priorities must first be defined,
as well as the costs that will result from the application of a business intelligence system
and, finally, the benefits that the application of this system will have for the organisation’s
development.

The second phase is the design phase, which consists of two subtasks: infrastructure
recognition and project macro planning. The infrastructure recognition evaluates the
information system’s infrastructure to determine adequately if the infrastructure supports
the business intelligence system’s needs and also to determine the information requirements.
Afterwards, the project plan will be drawn up using the methodologies for making a project
plan, which will define the development phases, the priorities, the deadlines, the expected
costs, the functions that will need to be carried out and the resources that will be required
to carry out all the steps in the project plan.

The third phase, the planning phase, includes a subtask where the steps that will be
carried out in the business intelligence system will be defined and described in more detail.
The information previously gathered, which will be included in the new system, will go
through an evaluation process, after which it will be possible to have these data in the
business intelligence architecture, which includes the creation of a data warehouse/data
mart and development of the mathematical models that will be used. Finally, a prototype
of the Bl system should be created at a low cost and with limited functionalities to uncover
any discrepancy between actual needs and the project specifications.

Implementation and control represent the last phase of the methodology and focus
on the development of the data warehouse/data mart, which represents the information
structure that the business intelligence system will use. The extract, transform and load
process occur, and the data are loaded and aggregated into the data warehouse. Finally, the
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applications that will be used to carry out the necessary analyses and studies are defined,
and finally, the system is released for testing and usage in the organisation.

This methodology is used due to several existing studies referencing this methodology,
such as [43].

4. Application of the Methodology to a Case Study
Figure 2 presents the application of the methodology to the case study.

' Analysis Identification of Business i
! Needs i

AmazingMartEL2.xIsx Analysis

Design Infrastructure Recognition and i
Project Macro Planning :

Sales Business Area E

Adopted Tool - Power BI E

Planning Detailed Project ”
Requirements
Data Selection

Defining the KPI (sales amount, profit |
amount, ...) :
I

Definition of the DW Model (sales

DW)
[ Defining the Prototype ]cJ

Implementation Injection of Data
AmazingMartEU2.xlsx into Im
the DW (sales DW)

Exploring the DW ETL ] i

through Visualizations

and Dashboards
(SalesAnalysis.pbix)

Figure 2. Vercellis methodology applied to the use case.

4.1. Analysis Phase

The analysis phase is generally carried out through a series of data collections, espe-
cially those whose job descriptions are related to the problems that have occurred and the
business strategy the company will carry out. The needs are recognised through a series of
interviews with employees in several departments and the organisation managers. The
general objectives and priorities must first be defined, as well as the costs that will result
from the application of a business intelligence system and, finally, the benefits that the
application of this system will have for the development of the organization.

In the case of this study, the empirical data were extracted from the web because
obtaining accurate data from an organisation was impossible. Not having access to accurate
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data, a strategy of searching for datasets on the web was adopted. There are several
repositories of datasets on the web for dealing with BI tools, such as Kaggle, Google
Trends, and Data World. The dataset was collected in April 2023. In Google Scholar, we
applied the following strategy: TOPIC: (dataset) AND (sales) AND (business intelligence)
AND (XLS). With this search, we found several dataset repositories and immediately
obtained 10 sites with data that allowed us to implement sales marketing KPIs. After
analysing the datasets available on the first 10 sites, we used the sales marketing dataset
(https:/ /www.superdatascience.com/pages/tableau) (accessed on 2 April 2023).

The dataset studied was taken from SuperDataScience, an online educational platform
that allows you to use various datasets to carry out studies for educational use only. The
data are stored in the Microsoft Office Excel tool and contains information on sales related
to furniture, office supplies and technology, which were realised in Europe between 2011
and 2014.

The dataset used is called AmazingMartEU2 and is available in Excel format. The
Excel file consists of three spreadsheets.

Dataset Characterisation

The AmazingMartEU2 dataset comprises two Excel worksheets, a list of orders and
an order breakdown, as shown in Figure 3.

Each list of orders is characterised by an order ID, the order date, the city, the country,
the segment (home office, consumer or corporate), the shipping date, the shipping mode
(economy plus, economy, priority) and the state.

Each list of orders may have several products, like Order AZ-2011-2918397, highlighted
in Figure 3, which has three different products with different quantities. This information is
registered in the order breakdown worksheet, which is identified by several fields, namely
the order ID, the product name, the discount, the sales, the profit, the quantity, the category
(office supplies, furniture, technology) and the subcategory (paper, bookcases, chairs, etc.)
of the respective product.

List of Orders:
P o v © © " ' s

Order ID Order Date City Country Segment Ship Date Ship Mode State
BN-2011-7407039 01/01/2011 Stockholm Sweden Home Office 05/01/2011 Economy Plus Stockholm
AZ-2011-9050313 03/01/2011 Southport United Kingdom Consumer 07/01/2011 Economy England
AZ-2011-6674300 04/01/2011 Valence France Consumer 08/01/2011 Economy Auvergne-Rhone-Alpes
BN-2011-2819714 04/01/2011 Birmingham  United Kingdom Corporate 09/01/2011 Economy England
AZ-2011-617423 05/01/2011 Echirolles France Home Office 07/01/2011 Priority Auvergne-Rhone-Alpes

BN-2011-3248724
AZ-2011-6712797
AZ-2011-4827146
AZ-2011-6439906
AZ-2011-7053593
AZ-2011-5702370
AZ-2011-9927716

A7 011 31739094

e e -

Order Breakdown:

08/01/2011 Toulouse France Consumer 14/01/2011 Economy

11/01/2011 Genoa Italy Consumer 16/01/2011 Economy Liguria

11/01/2011 Vienna Austria Consumer 15/01/2011 Economy Vienna

. A B C D E F G H

“1 OrderID Product Name Discount Sales Profit Quantity Category Sub-Category

- 2 BN-2011-7407039 Enermax Note Cards, Premium 0,5 4500 € -26,00 € 3 Office Supplies Paper

- 3 AZ-2011-9050313 Dania Corner Shelving, Traditional 0 854,00€ 290,00€ 7 Furniture Bookcases

"4 AZ-2011-6674300 Binney & Smith Sketch Pad, Easy-Erase 0 140,00 € 21,00€ 3 Office Supplies Art
S5 BN-2011-2819714 Boston Markers, Easy-Erase 0,5 27,00 € -22,00€ 2 Office Supplies Art
6 BN-2011-2819714 Eldon Folders, Single Width 0,5 17,00 € -1,00€ 2 Office Supplies Storage
7 AZ-2011-617423 Binney & Smith Pencil Sharpener, Water Color 0 90,00 € 21,00 € 3 Office Supplies Art
8 AZ2011:617423 . Sanford Canvas Fluorescent | .. .. ... .. .. 0..20700€  7700€ .. 4,Office Supplies _....... Af......... i
§ AZ-2011-2918397 Bush Floating Shelf Set, Pine 0,1 15500€ 36,00 € 1 Furniture Bookcases "
10 AZ-2011-2918397 Accos Thumb Tacks, Assorted Sizes 0 33,00€ 2,00€ 3 Office Supplies Fasteners :
t:l AZ-2011-2918397 Smead Lockers, Industrial 0,1 716,00€ 143,00€ 4 Office Supplies Storage
1 BN O 18 2 KA A e BOOREALE, WAL o e e oo B R Y00 L 200" B TR B sk
13 BN-2011-3248724 Binney & Smith Sketch Pad, Blue 0,5 116,00€ -56,00€ 5 Office Supplies Art
14 AZ-2011-7053593 SAFCO Executive Leather Armchair, Red 0 1384,00€ 14,00 € 3 Furniture Chairs
15 AZ-2011-7053593 Binney & Smith Canvas, Blue 0 103,00€ 20,00 € 2 Office Supplies Art

Figure 3. Excel sales data.

4.2. Design Phase

The second phase involves identifying the prominent business knowledge areas, which
include infrastructure recognition and project planning. The infrastructure recognition
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evaluates the information system’s infrastructure to determine in an adequate manner if
the infrastructure supports the business intelligence system’s needs and also to determine
the information requirements. Afterwards, the project plan will be drawn up in accordance
with the methodologies for making a project plan, which will define the development
phases, the priorities, the deadlines, the expected costs, the functions that will need to be
carried out and the resources that will be needed to carry out all the steps in the project
plan.

The BI tool selected for analysing the data is Power BI Desktop. It is the most widely
used tool and ranks first in the Gartner Quadrant [44].

The data in the case study only provide us with information on sales, so this is the
business process that will be analysed.

4.3. Planning Phase

The third phase, which is the planning phase, includes a subtask where the steps
that will be carried out in the business intelligence system will be defined and described
in more detail. The information previously gathered, which will be included in the new
system, will go through an evaluation process, after which it will be possible to include
these data in the business intelligence architecture, which includes the creation of a data
warehouse/data mart and development of the mathematical models that will be used.
Finally, a prototype of the BI system should be created at low cost and with limited
functionalities in order to uncover beforehand any discrepancy between the actual needs
and the project specifications.

After identifying the KPIs we wanted to implement (average order value gross margin,
revenue growth rate, monthly sales versus the same period last year (EUR), top sales by
series (products), average ticket and cost of goods sold), as defined earlier, and defining the
questions to be answered by the BI platform, the data warehouse will be modelled.

The Kimball methodology [14] is used to build the data warehouse and a star schema
is implemented. The star schema model is built around a fact table, interlinked with several
dimension tables.

After that, it is necessary to define the granularity of the data. For this implementation,
the daily granularity is defined regarding the available data of the case study and the KPIs
defined. The granularity corresponds to a row in the data warehouse.

The next step regarding the Kimball [14] methodology is to define the dimensions that
provide the “who, what, where, when, why, and how” context surrounding a business
process.

The date dimension (when), country dimension (who), equipment (how), product,
segment, category, subcategory (what), shipping mode (how).

The last step is to identify the facts and measurements that result from a business
process event and are almost always numeric.

In the next phase, the implementation and control phase, the architecture of the data
warehouse can be visualised in detail (dimension and fact tables).

4.4. Implementation and Control Phase

The Vercellis methodology’s [42] last phase is the implementation and control process,
where the development of the data warehouse and the exploration of the data warehouse
through dashboards are performed and also a previous task where a version is released
and tested. The extract, transform and load process occurs and the data are loaded and
aggregated into the data warehouse. Finally, the applications that will be used to carry
out the necessary analyses and studies are defined and, finally, the system is released for
testing and usage in the organisation.

The software used for the implementation is Microsoft Power BI Desktop, version
2.122.1066.0, because it has been the leader in the Gartner Magic Quadrant during the last
few years and has several functionalities used in this implementation besides being a free
tool. Some of the main functionalities used [45].
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4.4.1. Microsoft Power BI

Microsoft Power BI is a cloud-based business analytical and visualisation tool for
business decision-makers to monitor business performance and interact with data to obtain
more or less detailed business insights.

Power Bl is a software consisting of several tools that allow data analysis, linking data
from different sources, as well as creating reports, graphs, visualisations and dashboards,
which allow for analysing the performance indicators and metrics that are most relevant to
the growth of the organisation and support the decision-making process [46—48].

The main advantages are that the tool is low-cost and easy to handle [48], while
updates are frequent and present pre-defined graphics that help inexperienced users [46].
It also contains a considerable diversity of graphics/visualisations with appealing designs,
allows integration with several data sources and the extraction and transformation of data
in a simple way. It also allows integration in the cloud and the use of formulas and DAX
expressions (data analysis expressions). Power BI has sophisticated data visualisation
features and an intuitive design and integrates excellently with the rest of the Microsoft
Office [47]. However, it also has the disadvantage that it only exists for the Windows
operating system [48]. Microsoft Power Bl has been recognised as the first leader in the
analytics and business intelligence platform in the Gartner Magic Quadrant [44].

4.4.2. Extract-Transform-Load

The ETL (extract, transform, and load) process combines data from multiple sources
into a large, central repository called a data warehouse. First, data must be extracted from
the different sources, cleaned and transformed (usually in the data staging area), and finally,
loaded into the data warehouse.

Data are extracted from the two Excel worksheets, list of orders and order breakdown
of the dataset. It also extracts data from another Excel file with the dates from 2008 to
the present.

Several transformations are applied to the raw data to create the first seven dimensions
tables.

DimCountry (IDCountry, Country)

DimCity (IDCity, City)

DimProduct (IDProduct, Product)

DimCategory (IDCategory, Category)

DimSubCategory (IDSubCategory, SubCategory)

DimSegment (IDSegment, Segment)

DimShipMode (IDShipMode, ShipMode)

To all these dimensions are applied several transformation processes, such as removing
unneeded columns, removing duplicate values and creating artificial or surrogate keys.

Another dimension table is created with the dates where the source file is an Excel file
with the dates.

DimTime (IDData, Date, Year, Month, Day, MonthName, Quarter, QuarterName,
WeekDay).

The last transformations are applied to create the fact table FactSales by extracting the
data from the already mentioned two Excel worksheets, list of orders and order breakdown.
Then, several transformations are used, such as removing unneeded columns, merging
tables, searching and returning the right surrogate key, and creating new columns with
new calculated measures to sustain the already defined KPIs.

The last step is to create the relationship between the fact table and the dimensions
tables, always following the model defined and considering the KPIs defined.

Figure 4 shows the star data model built in Power BI to achieve the KPIs defined.
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Figure 4. Sales star model implemented in Power BI.

4.4.3. Exploring the Data Warehouse through Visualisations and Dashboards

Creating a dashboard involves multiple elements that should be considered, such
as the required KPIs previously defined, the right combination of visuals and text that
accurately represents data, and the information to executives or managers. In addition,
visuals should also be clear and lead the managers to understand and interpret the data
easily. Visuals are also supposed to be visually attractive, and consistent colour coding has
been shown to improve the process of understanding visuals.

The first dashboard (Figure 5) represents the Euro Mart Sales Report, where the three
cards present the total number of products sold (30,35 K), the number of sales and the
amount of profit, respectively.

Number of Units Sold Total Amount of Sales

30,35 K

Total of Profit

11,90 ME 283,24 KE

Sales by Category

EURO Mart Sales Report

Sales by Ship Mode

2014 Year @201

Sales by Country
ASTD
o
ISLANDIA / @

SUECIA

Amou
i

FINLANDIA

i ‘iShvp Mode
Amount of Sales by Product

chnology  Office Supplies Furniture
Sales by SubCategory

2012 @2013 @2014

m |[|‘|j,m.,.\.,.--

Sub-Category

.’.‘ GreciA TuRQUIA

[ o [ e
| Mar Medtenanes - siria
f i \%\A

Aumount of Sales

Figure 5. Euro Mart Sales Report dashboard (by country, shipping mode, category report).
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Analysing the map visually, France is the country that sells more, and Denmark is the
country that sells less.

Technology is the category that sells the most, followed by office supplies and furniture,
which sell less.

The subcategories that sell the most in 2011 are phones, bookcases, storage and
appliances; in 2012, phones, copiers, bookcases and storage; in 2013, are appliances, copiers,
phones and storage; and in 2014, are copiers, storage, appliances and phones. Labels and
fasteners were the ones that sold the least in the four years.

The word cloud shows the products that sell the most: smartphones, fax machines, etc.

Technology sales increase from 2011 to 2014, office supplies rise from 2011 to 2013 and
decrease in 2014, and furniture sales decreases from 2011 to 2014.

The economy shipping mode is the most used, followed by the economy plus, priority
and immedjiate.

The next dashboard, Figure 6, lets the user interactively apply filters by country,
segment, shipping mode, category and subcategory, and it exhibits a visual that shows a
comparison between the number of units sold and the amount in euros, from which it is
possible to conclude that France is the country that sells more and Denmark is the country
that sells less.

Total Sales (Euros)

Year ®2011 #2012 ®2013 @ 2014 @Soma de NumeberofUnitsSold
3.880 K €
B
R N I B
h R -
OK€

Sales by Segment

Amount of Sales

Segment
Sales by Country

Number of Units

Country

Figure 6. Euro Mart Sales Report dashboard (with filters).

The third dashboard in Figure 7 lets the user interactively apply filters by year and
selectively by country, within a particular country select the categories sold in that coun-
try, then select a particular subcategory and finally select a particular product. Figure 7
shows the 2014 sales in Portugal, specifically sales of “Motorola Signal Booster, Voip”
phones, which belong to the subcategory of mobile phones and which in turn belong to the
technology category.
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Year
Country b Category x Sub-Category X @ Product Name b
Portugal Technology Phones
Y

|

Netheriands

100.535,00 €

I

Portugal

Finland

2.861,00 €

Technology

——a
Of

Accessories
1.620,00 €

I
Copiers
1.610,00 €

Phones
1.201,00 €

286,00 €

Furniture
636,00 €

Motorqla Signal Boo...

3 Office Telep...

Figure 7. Euro Mart Sales Report dashboard (decomposition tree with filters).

After a brief analysis of the dashboard for the year 2012 (Figure 8), we can see that total
sales are EUR 1,65 million, profit is EUR 66,223 thousand, total units sold are 7010 thousand
and gross sales are EUR 548,880 thousand.

Total Sales (€) Number of Units Sold Profit (€) Gross Amount (€)
EuroMart
Sales Report 680 M 30,35 K 283,24 K 2,35 M
Ano Categoria de Produto
2011 2012 201 2014 Furniture Office Supplies Technology

Total by Year and Profit

: @Soma de GrossAmount ® Soma de ProfitAmount

Total of Sales by Category and Year
Regido ©2011 2012 2013 @204

Total of Sales by SubCategory and Product

Ano ©2011 @2012 ®2013 @2014

Poeox « siesc: EESUGII 2s10x SR
: L L Phones
i, ek = e [N 25205 « NSRRI
i3 EX
H 5 B 40K
ie e o
Technology Fumitre  Office Supplies B appliances Bl ssax W
Year Category o
; . £ sccessores [N
Total Units Sold by Year Ship Mode by Year g
" ]
Economy Plus @ - :

1,14 M (16,73%) —

Binders

—212M (31,1%) 201345981 K rumnisnings [l
Year
Supplies .
®2014
Envelopes l
92013
paper |
[ FITFIN 2014 143538 K 2013 101983 K | priority e
2011 Fasteners |
1,65 M (24,19%) 20112.. 2014, (201323 ViEkE l
1,9 M (27,98%) 2012 .. 00M 05M oM:
2012 946,06 K 201155543K | 2013.. 2012.. [ | Total Sales

Figure 8. Euro Mart Sales Report dashboard (profit, gross amount and number of units).

In terms of sales by product category, the technology category has EUR 728,1401.80 mil-

lion, the furniture category has EUR 611,315.50 million and the office supplies category
has EUR 305,386.80 million. In terms of the product subcategory, the subcategory with the
most sales in 2012 is tables, with EUR 276,1611.10 million, and the one with the least is
labels, with EUR 871.20. The shipping method most used by customers is economy, which
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EuroMart
Sales Report

accounts for EUR 946,063.40 million of total sales, followed by economy plus with EUR
353,533.10 million, then priority with EUR 187,375.70 million and finally, Inmediate with
EUR 158,11.90 million.

The fifth dashboard in Figure 9 has four cards referring to the facts of the data ware-
house, but in relation to data segmentation, a menu has been created, where it is possible
to perform various searches due to the different buttons it contains, these being: Year,
NameCity, NameCountry, NameRegion, NameProductc, NameSegment, NameShipMode,
NameCategory and finally, NameSub-Category. The first visualisation is made through
the map and represents the total sales by country and year, and it is accompanied by a
stacked line and column graph representing the number of units sold by country and
year and a table representing the profit by country, where it is possible to visualise the
different 15 countries and the profit that each one had. On this dashboard, using the
available buttons, you can make several analyses simultaneously and understand the total
sales by country and year, such as the number of units sold and also the profit. In the
stacked line and column graph, the three countries with the most units sold are France
with 2,356,000 units sold, Germany with 1,786,000 units sold and the United Kingdom with
1,888,000 units sold.

Number of Units Sold (€)

6,80 M

Total of Sales Profit (€)

3035 K 283,24K

Gross Amount (€)

235 M

:
Total Sales by Country and Year Number of Units by Country and Year
iAno @2011 #2012 82013 ©2014 Ano @2011 ©2012 @2013 ®2014 Erofit by Country
3 7329 Austria | B
5 3 7.000 Beigium |
/ Estocolmo 6179 Denmark 3606 |
44444 6.000 | 3908
3 4917 France
. REINO UNIDO. __Copenhague ) I
Ay » — Germany
ogy'=: £, 000 s reona s ||
IRLANDA ::Is:s‘j Berlim &4 3612 > eland 6886
; . = z . s
.4 Ba xe@ I POLONIA 3 2881 3 3 | REC
Londrest. x & ALEm@HA . 2 3.000 S etmerange
i @.\M g ' *
O esério. * ./~ ESLOVAQUI Norway 516
Santo Heleriop - viena§ 2.000 1526 II
7 “AUSTRIA [ LunGRIA . 8704
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Baia 8‘\ ‘é‘%”‘“/%”’"“ﬂ@ .zagrebe‘;/ 1.000 . = 7 s o
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W Y TP B
Andorra-a-Velha o Pougonca"_ J o NG I -
Tirana
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o 166
~ 0 00.000
Profit Amount

Figure 9. Euro Mart Sales Report dashboard (country analyses).

The countries with the fewest units sold are Finland with 201 units sold, Denmark
with 204 units sold and Norway with 261 units sold. As for profit, the countries that make
the most profit are the United Kingdom with EUR 90,382, Germany with EUR 86,279 and
France with EUR 70,067, while the countries that make a net loss are the Netherlands with
EUR —37,188, Sweden with EUR —17,524 and Portugal with EUR —8704.

4.5. Analysis and Discussion of Results

In the previous section, we have presented the main integrated performance dashboard
visualisation using Power BI as a platform, where it is possible to find sales by country,
sales by category, sales by product, and the most used shipping mode, among others.

We can conclude that the development of systems that enable analysis for decision-
making in organisations has increasingly been identified as essential for improving the
quantity and quality of information available for strategic decision-making in organisa-
tions [49], and monitoring performance indicators (KPIs) plays a vital role in the organisa-
tion [48].
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About using a Bl solution for the implementation of a case study, a solution was
developed based on the use of the Vercellis methodology [42], which made it possible,
even though the data were not from a real organisation, to create a logical order for
the development of a Bl system according to the four phases of the methodology and
which steps are necessary for the entire working method to be carried out effectively.
During the implementation phase of the case study, the Bl solution proved extraordinarily
advantageous. By aggregating the data to be in sync and have the same values, it was
possible to obtain more in-depth analyses and build a better-quality narrative.

Finally, understanding the importance of using business intelligence to support the
decision-making process in organisations allowed us to understand how a vast set of
data with different characteristics can be interconnected through a data model, which will
enable organisations to extract information about their business and help create and define
different strategies to assist in decision-making processes.

It can be concluded that the development of a BI solution applied to the sales case
study allowed us to carry out several analyses and build visualisations and dashboards that
provide a better understanding of the data and contribute to the decision-making processes
of organisations, in this case directly assisting the sales marketing department.

5. Conclusions

In today’s increasingly competitive world, organisations are under constant pressure
and, as a result, responding quickly to changing conditions, being innovative in meeting
their customers’ needs, and how they act in the market are becoming critical success
factors. This means that organisations must be agile and frequently make quick (sometimes
complex) decisions, whether strategic, tactical or operational [39]. However, making these
decisions requires much data, information and knowledge.

This study aimed to explore a business intelligence solution using the Power BI tool’s
ability to integrate data, analyse data and visualise information that allows managers to
build appropriate decisions to support the decision-making process in the sales area through
the simple use of reports and dashboards. So, we can see that through the development
of the case study and the transformation of a dataset, it was possible to understand the
advantages of using business intelligence tools. They make it possible to create an integrated
system of data stored in data warehouses, where it is possible to carry out quick, concise
and easy-to-interpret analyses, and the information is updated in real time [50].

The study’s limitations are related to the dataset analysed. On the one hand, it is
limited in terms of the data it provide; on the other, it does not present accurate and current
data from an organisation. As mentioned above, we used data taken from the web.

For future research, we propose developing a case study with accurate data from an
organisation where the business model is related to sales marketing and creating a business
intelligence solution and exploring it through different visualisations and dashboards to
help the sales marketing department. In this case, it would be possible, after implementing
a Bl solution in an organisation, to assess the impact that this application could have on the
functioning of the organisation’s processes and the improvement and progression of its
business model.

This study shows the advantages of using integrated dashboards by using a sales dataset.
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