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Abstract 

Big amounts of data are produced every day in companies. By analyzing and visualizing the data a lot 

of insights can be gained. The company Solution Xperts wanted to create a system that could import 

and visualize Big Data. In this work a system was created and evaluated. The report shows that it can 

be difficult to visualize Big Data, but when a system is created it can easily be adapted to data 

coming from different companies and provide a lot of value to companies and organizations.  
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1. Introduction 

1.1 Motivation 

In ǘƻŘŀȅΩǎ ǿƻǊƭŘ ŀƭƳƻǎǘ everything revolves around information. Information is flowing constantly 

from all kinds of sources and a lot of it is recorded and stored. The company Solution Xperts is a 

consulting firm that has developed their own solution for storing data from integrations. Their 

solution is now deployed at some bigger companies and organizations. For some years there has 

been a wish from some of the companies to make use of the data to better understand their 

organizations. If the data was visualized in a way that it became easy to understand and if there was 

a possibility to find trends and behaviors in the data, it could bring a lot of value to these companies 

and organizations. Today Solution Xperts offer their customers a couple of views that provide some 

insights based on the customers data, but the goal is to create more comprehensive visualizations 

that can be interacted with. Depending on the choice of architecture of the system it could become 

a general visualization product that could easily be implemented for other customers. 

 

1.2 Research Question 

How should a system for visualizing customer data be constructed to make it easy to spot trends and 

discover behaviors from the data? 

The research question is delimited to creating a system that is good enough to fulfil the needs of one 

of Solution Xperts customers. The wishes of the customer are to have views of the data in table form 

where the customer can drill through to see more details of the data, the possibility to select 

different parts of the data and have the different views adapt to that selection and the possibility to 

create new views and calculated values based on their data. To be able to create new views and 

calculated values the customer will still need some help from consultants at Solution Xperts since it 

will require some coding at this point. 

 

1.3 Figures use dummy data 

All figures showing data in this report contain dummy data. 

 

2. Theory 

2.1 Big data 

2.1.1 Introduction and definition 

In our digitalized world there is a lot of data created and stored every day. The data can come from 

production processes and different communication channels. This data is often unstructured and 

consists of different kinds of data [1] [2]. Big Data is the term that is often used when referring to 

databases containing this kind of data. Defining Big Data is not the easiest thing, but one definition is 

the following [3]: 
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άThe term Big Data describes a data environment in which scalable architectures support the 

requirements of analytical and other applications which process, with high velocity, high volume 

data which may have a variety of data formats and which may include high velocity data 

acquisition.έ 

 

2.1.2 ¢ƘŜ άр ±ǎέ 

When talking about .ƛƎ 5ŀǘŀ ƛǘ ƛǎ ǳǎǳŀƭƭȅ ŘŜǎŎǊƛōŜŘ ōȅ ǘƘŜ άр ±ǎέ [1] [4]: 

- Variety stands for the variation of different kinds of data often found in Big Data. A database 

can store data such as images, text, videos, and sensor data. 

 

- Velocity is about the speed of which data is created, sent, and handled. The importance of 

velocity varies between different applications. Some applications use stored data while 

other applications get a constant flow of new information. 

 

- Volume means the volume of the data. 

 

- Value is about the value you can get from the data. By understanding the data, you can get 

value from it in many ways. Seeing trends or patterns in for example HR data, employee 

data, customer data, or order data can help reduce costs and be beneficial to management 

when taking decisions. 

 

- Veracity is about the correctness of the data. Big Data often consists of lots of data coming 

from different sources. This means there might be data that is incomplete or missing. The 

data is supposed to be analyzed and therefore it is important to assess its correctness and 

try to improve its quality. 

 

2.1.3 The value of Big Data 

Businesses have realized there is a possibility to get value from their Big Data [5]. To be able to get 

this value it is important that data collection, data storage, data analysis and data visualization are 

well thought through. All these parts play an important role in getting value out of Big Data. It is also 

important to think of the security aspect of using visualization tools on Big Data since there can be 

sensitive information connected to the visualizations. Big Data analysis can for example help 

understand when orders are arriving and if some orders should be prioritized for some reason 

[6] [7]. It can also help optimizing logistics and Human Resources. 

 

2.2 Analyzing Big Data 

2.2.1 Visual analysis tools 

It is difficult to analyze Big Data in its raw form due to its nature of being unstructured [8]. To 

address this issue, we can use visual analysis tools. By using visual analysis tools, we gain the ability 

to easily manipulate and work with the data. This means we can analyze and understand the data by 

creating visualizations of it. Visualizations could for example be different types of diagrams where 

related data is placed on different axes. It could also be lists where related data is placed side by side 
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in different columns. Powerful visual analysis tools can be of help in the entire process of working 

with Big Data. Cleaning data from different sources that is incomplete or erroneous is a tedious 

work. This can be done more efficiently by using a visual analysis tool. For a visual analysis tool to be 

useful it must be flexible and fast, which means it should have a quick response time and few 

confusing options or widgets that need to be interacted with [9].  

Visual analysis tools need to provide the right type of controls for the analyst to be able to specify 

what data he wants to see [9]. By using the controls, the analyst can perform visualization, filtering, 

sorting, and derivation. Filtering is important since there are usually only parts of the data set that 

are interesting to look at. It can be performed in many ways, for example using radio buttons, 

selecting a set of data to include or exclude, or by using more advanced techniques such as entering 

queries using a query language.  

View manipulation is the next important part where an analyst should be able to select different 

parts of the data, highlight patterns and drill down to get a more detailed view. Coordinated multiple 

views are useful when analyzing data. An example can be that an analyst is working with customer 

data and creates a textual list with the customers most recent purchase records, a map containing 

data of where the customers live and a pie chart showing how many products are in stock at the 

central warehouse. If one or a few items are selected in one of the views, the other views will adapt 

to that selection by for example highlighting the selected items. This is powerful since it makes it 

easier to see connections between different groups of data and finding patterns in the data. 

Coordinated multiple views could also be used to filter some data.  

A tiled window layout is helpful to organize all views. This means all views and selectors can be 

viewed at once. When adding new views there are a couple of good alternatives for how the window 

organization could change. The new view could appear next to the existing ones with minor 

adjustments. A second alternative is to have the option of adding tabs where you can switch 

between tabs to see different views.  

Visual analysis tools can be quite smart and provide suggestions to analysts of steps to take to make 

their work easier. The tools can have options to publish visualizations to the web where those with 

access can interact with it. Visualization tools provide analysts the ability to learn new things about 

data and share that knowledge with others through sharing visualizations. This means the social 

aspect of visualization tools is also very important. Not only data scientists need to work with data 

visualizations [10]. It is important for users with no background in computer science to also be able 

to interact with data visualizations to gain insights.  

 

2.2.2 Sampling and clustering 

Analyzing Big Data can be difficult due to its huge size [2]. By sampling data, a smaller amount of 

data can be used to get the same analytical results as if all the data would have been used. It is a 

good idea to use sampling when analyzing Big Data. Clustering is widely used when working with Big 

Data [11]. The idea of clustering is to put data that shares common traits together in groups. 

Performing clustering on Big Data can be difficult. 
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2.3 Usages of Business Intelligence 

Business Intelligence (BI) is used to gain insights from data. Looking at raw data coming from a 

database is not that interesting but if the data for example is visualized in an interactive graph it can 

provide insights of great value [7]. Using a three-tier architecture (Database layer, Application layer, 

Presentation layer) makes it hard to provide a Business Intelligence based application supposed to 

run in real-time. This is due to the difficulty of knowing what the execution times will be in the 

database layer.  

The next generation of BI consist of three kinds of BI: 

Operational (Real-time) BI: 

The idea is to have a continuous update of data, making it possible to find trends and behaviors in 

the data that was just created. The hard part of realizing Operational BI is to get an acceptable delay 

in the update of the data. 

 

Situational BI: 

Situational BI is about getting valuable information from external parts. The information could bring 

new point of views and come from different sources such as the internet. A difficulty of 

implementing Situational BI is that information found in external sources is often unstructured and 

need to be added to the already existing database to make it possible to perform an analysis of all 

the data. 

 

Self-service BI: 

Self-service BI means that users not very skilled in IT should be able to create their own reports. The 

positive parts of Self-service BI are that there are no need to have an IT-expert create reports or 

work with the data that is to be analyzed since non-technical users can perform it themselves. 

 

2.4 Power BI 

Power BI is a visual analysis tool [12]. It consists of a desktop version, a mobile version, and a web 

version. In Power BI you can import many types of data. It can be Excel documents, data from 

webpages, SQL-databases, and data from web-services such as Azure. When data is imported, you 

can choose to do operations on the data before it is loaded into the program in a separate window 

called the Query editor. You can for example choose to filter data or enter an SQL query that 

determines how the data is imported. 

There is a tab in Power BI called model that contains a visual overview of all relations of the data. 

When a new project is started relations are automatically created by Power BI. Sometimes Power BI 

sets up relations that should not be there but in that case it is easy to remove them. Relations can 

also be added manually. New columns can be created using the language DAX. Sometimes you do 

not want to create a new column of stored data. It could be that you want to make calculations on 

the data or that you do not want to increase the file size of your report. In that case you use 

something called a measure instead. 
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2.4.1 Visualization 

There are many different visual components that can be chosen and customized to show your data. 

Some of the more common ones are tables and column charts. When a visualization component is 

chosen you can choose what data should be visualized. Data from different columns and tables can 

be combined into one visual component. Filters can be used to choose more precisely what should 

be shown. Many visual components can be placed side by side on the same report and visualize the 

same or part of the same data in different kinds of visualization components. If a row or a data point 

is selected in one of the components the rest will adapt, just like coordinated multiple views that 

were mentioned in part 2.2. 

 

2.4.2 Report and Dashboard 

A report is the visual page you create using the visual components. Along with diagrams, buttons can 

be added that perform an action of your choice. Reports usually have many pages that visualize 

various things or act as differently detailed layers. You can for example create one layer that acts as 

an overview containing a selected number of data records. From this overview an action called drill 

through lets ǘƘŜ ǳǎŜǊ ǎŜƭŜŎǘ ƻƴŜ ǊŜŎƻǊŘ ŀƴŘ άŘǊƛƭƭ ǘƘǊƻǳƎƘέ ǘƻ ŀƴƻǘƘŜǊ ǇŀƎŜ ƻŦ ǘƘŜ ǊŜǇƻǊǘ that 

displays more details about that record. When the report is created the next step is to upload it to 

the web version of Power BI. Parts from uploaded reports can be chosen to be part of a dashboard. 

When the dashboard is finished it can be shared. Users can interact with dashboards by for example 

selecting a record and make the visualization components show data regarding the selected record. 

  

2.5 Visualizing Big Data 

Visualizing data in graphs makes it easy to spot trends and behaviors in Big Data [13]. Without 

visualization it is very hard understand the data. Choosing the right kind of graph for different kinds 

of data is important since different kinds of data should be presented in different ways. It is also 

important to think of ways to reduce or distribute the amount of processing needed to visualize Big 

Data. One approach to visually look at data is to use the hierarchical approach [14]. The hierarchical 

approach offers an overview where you can use actions such as drill-down or zoom to look at more 

details of the data. This is very similar to how Power BI is used [12]. To be able to visualize big sets of 

data not only filters and zoom are required [15]. If a set of data contains billions of records it is 

impossible to show them all on the screen, therefore aggregate markers showing for example 

thousands in one point become necessary. Modern visual analysis tools handle this well. 

 

2.6 Interview questions 

The interview questions will be open-ended since the purpose of the interview is to get the opinions 

of the test user [16]. By using open-ended questions, the test user is not limited when thinking about 

what kind of functionality he wishes the system to have. This could lead to wishes for functionality 

that are not possible to implement in the created system, but that could be solved by for example 

changing the design of the system. 
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3. Method 

3.1 Visual analysis tool 

Solution Xperts have experience working with the visual analysis tool Power BI. This meant that they 

could provide a good support throughout the development of the system if Power BI was chosen. 

Power BI seemed to have the required properties to develop the system, so it became the tool of 

choice for this work. The focus at the start of the work was to get to know Power BI. By 

recommendation of experienced Power BI developers at Solution Xperts, the learning started by 

watching tutorials of Power BI on YouTube, followed by reading articles and creating a simple 

prototype. Other tools that were helpful to use when creating SQL queries and DAX expressions 

were SSMS (Microsoft SQL Server Management Studio) and DAX Studio. After getting to know Power 

BI the work on the system began.  

 

3.2 The work process 

The work was based on three figures (figure 1,2, and 3) showing the visual appearance of the old 

system accompanied by written instructions of its functionality and the connections between 

different views. The work process was performed in an iterative manner where one or a couple of 

smaller parts of the system were created and tested at a time. When one part was finished, it was 

shown to the supervisor at Solution Xperts for feedback. This way of working always ensured the 

work to be performed in the right direction. When the new system was finished, meaning the visual 

appearance was right, all functionality that was asked for was in place and all views were connected, 

the system was demonstrated to a person at Solution Xperts that had experience in using the old 

system.  

Figure 1: Old Flow Tracking view. 
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Figure 2: Old Interchange view. 

 

 

 

Figure 3: The third old view. 

 

3.3 Demonstration and interview 

The demonstration was combined with an interview. Due to the Corona pandemic the 

demonstration and the interview were conducted through Microsoft Teams. One person familiar 

with the old system was selected for the demonstration and the interview. This person has an 

extensive knowledge about the old system and a good idea of what functionality would be useful in 

the new system. During the demonstration, the person was guided through the system. The 

demonstration started by going through each tab and showing the functionality of its added filters, 

buttons, and diagrams. It was also showed that if one specific order was selected, all diagrams and 

tables adapted to that selection and showed information about that order. The next step was to drill 

through to the Middle Step view (figure 15). This view showed all ID:s associated with the selected 

order. One ID was selected in the Middle Step view and a drill through was performed to the Flow 

Tracking view (figure 16) where details about the selected ID were presented. 

The test person was encouraged to ask questions along the way and some of the interview questions 

got discussed and answered before we reached the final interview step. When the guiding of the 

system was done, I asked the following open-ended questions to get the opinions of the test person: 
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1. What do you think about this new system? 

 

2. Is there any specific functionality you would like this system to have? 

 

3. Do you have any other thoughts or questions? 

 

4. Results 

4.1 The work process 

4.1.1 Creating views based on figure 1 and 2 

The views were created using Power BI. At the start the Flow Tracking and Interchange views were 

created (see figure 1 and 2). The data was retrieved from an SQL database where some values 

already were separated into their own columns while other values needed to be extracted or 

calculated to be visualized. In the Flow Tracking view all values that were supposed to be visualized 

already had their own column in the database, meaning they could easily be selected and visualized 

in Power BI. The new Flow Tracking view can be seen in figure 16. The Interchange view (figure 2) 

was a bit more complicated to create. In this view we wanted to present the first and the last value 

of a certain kind where the first value was the one connected to the first event of an Interchange 

and the last value was connected to the last event of the same Interchange. To achieve this, a 

measure (a column with calculated data in Power BI) was created using the language DAX, see figure 

4 and 5. In figure 4 the first artifact was chosen by filtering artifact names by the minimum 

timestamp which means the earliest timestamp. Due to how measures are constructed a table 

column cannot be the expression to be calculated in a calculate function. Fortunately, there are 

ways around this. Using a max- or a min- function (it does not matter which one is chosen in this 

case) on the table column (row 4 in figure 4) fixes the problem. The same idea was applied for 

getting the last artifact in figure 5 by getting the artifact name with the maximum value on 

timestamp. 

 

 

Figure 4: First Artifact measure. 

 

 

Figure 5: Last Artifact measure. 
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4.1.2 Creating a view based on figure 3 

To create the functionality of figure 3 some more operations needed to be performed on the data. 

To be able to visualize the information in the columns named Customer, Customer Order, Response, 

and Invoice in figure 3 an operation called pivot needed to be performed. The pivot function groups 

information of the same kind together from a column and creates new columns for the different 

groups of information. An example could be a column that contains the names of different fruits 

such as banana, orange, and apple. If you want to get a better overview of all rows containing the 

value apple in the fruit column you may want to extract all apple values out of the fruit column and 

create an apple column. That operation is a pivot operation, and it can be done for a lot of different 

values coming from the same column. Power BI has a built-in function for pivoting and unpivoting 

rows in columns but for some reason it did not work in this case. Luckily, you can enter SQL queries 

in Power BI, so the pivot function was created in SQL. The SQL query that was used for pivoting the 

rows is seen in figure 6 below. The query is restricted by not returning null values of 

TemporaryOrderNumber and by only returning data that is later than 2020-07-01. This is mostly due 

to what data is interesting to look at, but it also reduces the amount of data being loaded into Power 

BI. 

 

Figure 6: SQL query. 

 

4.1.3 Writing SQL queries 

It was not very efficient to develop and evaluate SQL queries directly in Power BI since it had no 

good interface for writing queries. Every change to the queries also required a refresh of the data, 

which is a heavy and slow operation. A better solution was to use SSMS which is a good application 

for writing SQL queries. In SSMS you can run your queries on the top 1000 rows of a table in the 

database which makes testing your queries an easy and quick operation. Once an SQL query was 

ready to be used it was simply copied into Power BI. 

 

4.1.4 Measures 

Measures share some common traits with functions found in programming languages. A measure 

can for example be used inside another measure, just like a function calls another function. This is a 

smart feature making it possible to reduce the need of code duplication and making it possible to 
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arrange the measures conveniently. An example of a measure used inside another measure is seen 

in figure 7 ǿƘŜǊŜ ά!ƴǘŀƭ ŦŀƪǘǳǊƻǊέ ƛǎ ǘƘŜ ƴŀƳŜ ƻŦ ǘƘŜ ƳŜŀǎǳǊŜ ǎŜŜƴ ƛƴ ŦƛƎǳǊŜ 8. 

 

 

 

Figure 7: Invoices per day measure. 

 

 

Figure 8: Number of invoices measure. 

 

There was a wish to see how long interchanges were running. To create that functionality a measure 

was needed to be created. The resulting measure called Duration can be seen in figure 9. To get the 

time difference between the first and the last event of an interchange a built-in function called 

DATEDIFF was used. The time difference was calculated as seconds and then run through an 

algorithm that split the seconds into days, hours, minutes, and seconds. At row seven the result was 

created and saved in a variable called res1. An if-statement seen at row eight checked the result and 

returned an empty string if there were no time difference at all and otherwise it returned the 

duration. In the report all rows that had a duration bigger than zero showed their duration while the 

rows that had a duration of zero had empty columns. 

 

Figure 9: Duration measure. 

 

4.1.5 Features of Power BI 

The Power Query Editor is the part of Power Bi where data is imported and prepared (figure 10). It 

had some features that were helpful. Data could be prepared by for example unselecting and 

thereby removing unwanted values. In the right part of figure 10 there was a box called Applied 

Steps where all changes were logged. Selecting an earlier step made it possible to see what the data 

looked like at that step, making it easy to go back through filtering, removals, name changes and so 

on. This was helpful for reminding yourself of how to perform certain steps and it also functioned as 

a check list of already performed steps. 
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Figure 10: The Power Query Editor. 

 

In the right part of the report view there are a lot of available options (see figure 11). Filters (left part 

of figure 11) can be applied to a specified visual, to the page, or to all pages. SenderPartyName was 

added as a filter for the page in figure 11. SenderPartyName was also selected as a filter for all 

pages, meaning the whole report. In this case the filter for SenderPartyName was added twice which 

was unnecessary but shows the concept of filters on different levels. If we take another look at the 

bottom of the filter panel, we see some of the options that can be selected for a filter, for example 

show everything except blank values. Filters have proved to be very useful during this work due to 

the many possibilities to filter on dates, values and so on. 
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Figure 11: Report view options. 

 

The model view was very useful for getting an overview of all relations. For someone having 

knowledge of database technology it was also very convenient to set up and manage relations in the 

model view (figure 12). 
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Figure 12: Model view. 

 

4.1.6 Creating visualizations 

When all views and functionalities of the old system were implemented the work process of 

visualizing trends and insights from the data started. Figure 13 shows an example of some of the 

insights that could be derived and displayed from the data. Here it can be seen that different 

graphical visualizations can enhance the visual experience of the data. Calculations such as orders 

per day could easily be created and visualized. A powerful feature was that the visualizations 

adapted to selections in the data set. A common selection of data was done by adding or removing 

filters. The view in figure 13 was connected to some other views. Switching between views could be 

performed by pushing buttons with the names of the different views. To get more detailed 

information about one row of data the row could be selected. When selecting a row, the button 

ƴŀƳŜŘ ά{Ŝ ŘŜƭ-ŦƭǀŘŜƴέ ōŜŎŀƳŜ ŀŎǘƛǾŜ όfigure 14ύΦ !ŦǘŜǊ ǇǳǎƘƛƴƎ ǘƘŜ ά{Ŝ ŘŜƭ-ŦƭǀŘŜƴέ ōǳǘǘƻƴ ǘƘŜ ǾƛŜǿ 

changed to a view called Middle Step, see figure 15. In the Middle Step view all data flows of the 

selection were showed. A calculated value that was created and added to this view was 

RunningTime, which showed the duration of each flow. All events of a flow could be displayed by 

ǎŜƭŜŎǘƛƴƎ ŀ Ŧƭƻǿ ŀƴŘ ǘƘŜƴ ŎƭƛŎƪƛƴƎ ǘƘŜ ōǳǘǘƻƴ ƴŀƳŜŘ ά{Ŝ ŦƭǀŘŜέΣ ŎƘŀƴƎƛƴƎ ǘƘŜ ǾƛŜǿ ǘƻ ǘƘŜ Cƭƻǿ 

Tracking view (figure 16). Changing views by clicking buttons was done by using the feature drill 

through. 
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Figure 13: Order view. 

 

 

Figure 14: Order view buttons activated. 
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Figure 15: Middle Step view. 

 

 

Figure 16: New Flow Tracking view. 

 

4.2 The demonstration and the interview 

The system was demonstrated to the test person. After the demonstration, the following questions 

were asked. Some of the questions were discussed during the demonstration, mostly due to 


