
 



Abstract 

With the increasing amount of valuable data that companies have access to 
the need for tools visualizing this data have reached a wider group of users, 
many of which are not tech-savvy. Self-service Business Intelligence 
applications aim to meet this need and many guidelines regarding the general 
design of Business Intelligence have been produced in recent years. In this 
thesis some of these guidelines are interpreted and applied during the 
development of a Qlik Sense application for the Device Connection Platform 
department at Ericsson. The purpose of this thesis is to produce more specific 
guidelines that aim to complement existing general guidelines on Self-service 
Business Intelligence design; guidelines that should be taken into account 
when developing Qlik Sense applications. As a result, five guidelines that 
concerns conditional dimensions, screen resolutions, naming conventions for 
master items, the data layer and Qlik Sense conventions for visualizations are 
presented. Pros and cons regarding these guidelines are discussed along with 
alternative approaches. The conclusion states that the general guidelines 
interpreted in this project work were helpful for the workflow and readability 
of the application, but that more specific guidelines such as the ones presented 
in the result could be well needed when it comes to customizability and 
flexibility for end users. 
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Abstract 

Allt eftersom mängden värdefull data som företag har tillgång till ökar har 
behovet av verktyg som visualiserar dessa data nått en bredare grupp 
användare, där många är mindre tekniskt kunniga. Self-service Business 
Intelligence applikationer syftar till att möta detta behov och många generella 
riktlinjer för hur sådana applikationer ska designas har tagits fram under 
senare år. I denna rapport blir dessa riktlinjer tolkade och därefter 
applicerade under tiden av skapandet av en Self-service Business Intelligence 
applikation i mjukvaran Qlik Sense och för Ericsson Device Connection 
Platform. Syftet med rapporten är att utforma och presentera specifika 
riktlinjer för Qlik Sense att användas som komplement till de existerande och 
mer generella riktlinjerna för design av Self-service Business Intelligence i 
allmänhet. Rapportens resultat består av fem riktlinjer som avser villkorliga 
dimensioner, skärmupplösning, namnkonventioner för original, datalagret 
och Qlik Sense egna konventioner för visualiseringar. För- och nackdelar med 
de framtagna riktlinjerna diskuteras tillsammans med alternativa 
tillvägagångssätt. Vi drar slutsatsen att de generella riktlinjerna som tolkats 
genom projektet i denna rapport var speciellt hjälpfulla för att uppnå 
läsbarhet och ett bra arbetsflöde för slutanvändaren i applikationen. Vidare 
konstateras att fler mjukvaruspecifika riktlinjer kan vara välbehövliga när det 
kommer till anpassningsbarhet av applikationer och flexibilitet för 
slutanvändare. 
 
Nyckelord 
Qlik Sense, Business Intelligence, Self-service Business Intelligence, 
Datavisualisering, Data Discovery, Business Discovery, Riktlinjer 
 
  



Disclaimer 

Due to confidentiality reasons, images showing Qlik Sense application 
graphics were generated using fictional data. 
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1 Introduction 

This chapter presents a short background for the thesis work, a problem 
definition, the purpose and goals of the project work and the thesis, what 
methods that were used, the delimitations of the thesis and finally the 
structure of the report. 

1.1 Background 

With the increase of data gathered by businesses and corporations (Gantz, 
Reinsel, 2012) the possibilities of extracting valuable information from 
analyzing data has naturally followed. The term Business Intelligence  
concerns the analyzing of data to gain insights about the market and 
organization (Chen, Storey, 2012) and demands for Business Intelligence tools 
are being heard from other than economists and IT-experts (Sallam et al., 
2015). The tools for meeting these demands are grouped in to the term of Self-
service Business Intelligence. Self-service Business Intelligence systems 
enable Business Intelligence users to become more self-reliant and less 
dependent on the IT organization (Imhoff, White, 2011). 
 
The Device Connection Platform department at the company Ericsson is 
combining Business Intelligence dashboards from manually created 
visualizations of gathered data. They are looking to automate this process and 
have decided to use the Self-service Business Intelligence software Qlik Sense 
to do so. The application should, in accordance with the term of Self-service 
Business Intelligence, be easy to use for a non-developer and also easy to build 
upon and change. 
 
This report will describe the process of developing and designing a Qlik Sense 
application for Ericson’s Device Connection Platform department. The 
application is to be used for data discovery and the compiling of monthly 
reports. In the process of doing so existing general guidelines and best 
practices regarding data visualization and Business Intelligence design will be 
taken into account. 

1.2 Problem 

A Self-service Business Intelligence application should be based on the end 
users’ motives and meet their goals (Jooste, Van Biljon, Mentz, 2014). The 
application needs to be intuitive and simple while providing the user with all 
the required functionalities. In order to successfully create a Self-service 
Business Intelligence application, the developer should be well aware of these 
aspects and address them systematically. This could be done by following 
some of the guidelines for Self-service Business Intelligence design that have 
been created over the resent years. 
 
Different front-end tools for creating Business Intelligence applications come 
with different possibilities and limitations. Applying guidelines for Business 
Intelligence system design to a specific tool can be a challenge as these 
guidelines tend to address many aspects of the design in a general way. Some 
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front-end tool specific guidelines do exist, but in the case of Qlik Sense the 
ones that were found are also very general. 

1.3 Purpose 

This report describes the process of developing a Self-service Business 
Intelligence application in Qlik Sense. This system targets non-developer 
users. This is done by interpreting existing guidelines regarding Self-service 
Business Intelligence design and applying them to the Qlik Sense application 
development process.  
 
The purpose of the thesis is to provide as precise guidelines as possible on how 
to create an easy-to-use and customizable application in Qlik Sense. The 
guidelines presented in the result should be used as a complement to the 
existing Self-service Business Intelligence design guidelines when designing a 
Qlik Sense application. 

1.4 Goal 

The goal of the project work is to create a Self-service business intelligence 
application for Ericsson Device Connection Platform in the form of a Qlik 
Sense application. The application should meet the functional and non-
functional requirements stated below. 
 
Functional requirements, the application should: 

 illustrate the required metrics with appropriate visualizations  

 automate the load of Ericsson data into the application 
 
Non-functional requirements, the application should: 

 be intuitive and easy to use for a non-developer 

 anticipate the users’ business questions 

 encourage end users to conduct data discovering 
 be customizable for a non-developer 

1.5 Benefits, Ethics and Sustainability 

The benefactor of the project work is Ericsson as their employees engaged 
with the work of creating Business Intelligence dashboards for their Device 
Connection Platform department gets able to do so more effectively. This may 
lead to not only freeing their employees for other work but also help when 
business decisions must be made in haste. 
 
All technology may however be misused and the data collected by Ericsson 
could by itself be used for misconduct towards their contractors and 
subcontractors. The project work would not enable this by itself but might 
rather make such misuse of information more effective. 
 
The project work will make the interpreting of data and thus extraction of 
information that forms the base in Ericsson’s business decisions more 
effective. A sustainability aspect of this is that it might help Ericsson from 
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making bad investments such as building new base stations that later must be 
deconstructed or even deconstruct base stations that short thereafter must be 
rebuilt in order to meet the market. This impacts not only the economy of 
Ericsson but also the environment. 

1.6 Methodology 

As a first step in the methodology, an information retrieval was conducted. 
This information retrieval aimed to find existing guidelines for designing 
Business Intelligence systems in general and Self-service Business Intelligence 
systems specifically. Guidelines for developing a Qlik Sense application were 
also being searched for. 
 
The next step was the development process which consisted of prototyping 
and evaluation sessions with the end users. The end users for this project work 
were operational workers at Ericsson Device Connection Platform, all non-
developers but with computer skills above average. The Design Science 
Research methodology was used for the development. It offers a process of 
solving problems through iterative prototype design and evaluation (Hevner, 
March, Park, 2004). A total of three prototypes were developed during a two 
week period respectively and evaluated at the end of their period. The first 
prototype was created based on the initial requirements from Ericsson and 
implemented in accordance with the guidelines found in the information 
retrieval. The second and third prototypes were designed by extending and 
changing their prior prototypes through the use of the same guidelines, but 
also through the results from their prior prototypes’ evaluations.  
 
During the evaluation of each prototype, it was presented and evaluated by 
end users at Ericsson. For the first two prototypes respectively, the 
presentation and evaluation took place at the same meeting. These prototypes 
were demonstrated by showing each dashboard along with its visualizations 
and explaining what questions they aimed to answer. The end users provided 
feedback on the demonstration regarding the dashboards’ ability to answer 
business related questions which created a discussion of possible 
improvements and extensions. For the final prototype, the presentation took 
place three days prior the evaluation as to allow for the end users to test the 
application during this time period. The final presentation was conducted in a 
similar way to the prior ones but also included a demonstration of the 
applications infrastructure, where mainly end user customizability was 
considered. 

1.7 Delimitations 

A Self-service Business Intelligence system can have many different purposes 
and user groups. A mistake often made in organizations is that all users are 
given the same access to the tool, which according to Eckerson (2012) may 
result in frustrations with less technical users. The application described in 
this thesis will not differ between users and therefore assume that the 
technical knowledge is of about the same depth with each user.  
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As this thesis mainly considers how to make the application intuitive, 
informational and customizable to the end users, the scalability factor of the 
Qlik Sense application was excluded from this thesis. Another delimiter is that 
web extensions to Qlik Sense will not be addressed or discussed. This is due to 
the decision by the outsourcer at Ericsson not to use such as it could create 
portability problems in the future. 
 
A preceding step of the development of a Business Intelligence system is the 
gathering of valuable data. Depending on various factors such as how 
technically oriented an organization is this step may or may not have already 
been accounted for. In this thesis’ project work, the required data was already 
gathered by Ericsson and available as structured Microsoft Excel 
spreadsheets. The process of gathering data for the application will therefore 
be excluded from this report. Furthermore, the step of loading data into a Qlik 
Sense application from available data sources is a technical matter that differs 
with the data source and how the data is structured. This aspect is touched 
upon only briefly in the project work and guidelines for this will not be 
developed. The reason for not creating guidelines for the data load is that this 
would make for a too great of a scope and furthermore require numerous data 
sources of different types and structures. 

1.8 Outline 

Chapter 2 - Presents a background of Business Intelligence in general, Self-
service Business Intelligence systems, the structure of Device Connection 
Platform department of Ericsson and the fundamentals of Qlik Sense. 
 
Chapter 3 - Describes the methods used for the thesis.  
 
Chapter 4 - Explains current Self-service Business Intelligence development 
conventions and approaches in the form of guidelines. 
 
Chapter 5 - Describes the developing process of the prototypes in detail and 
how the guidelines found in Chapter 4 were applied to the process. 
 
Chapter 6 – Describes the evaluation process of each prototype including how 
the prototypes were presented, tested and evaluated by a few of the end users. 
 
Chapter 7 – Presents our result in the form of guidelines. 
 
Chapter 8 – Discusses the guidelines presented in Chapter 7 and the entire 
project work. 
 
Chapter 9 – presents conclusions for the thesis and makes suggestions of 
further work. 
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2 Extended Background 

In this chapter a presentation of the field Business Intelligence in general is 
given in Section 2.1 along with a description of the definition of Self-Service 
Business Intelligence in Section 2.1.1. Section 2.2 provides background 
information regarding Ericsson’s Device Connection Platform department and 
its business model. In Section 2.3 a description of the Qlik Sense software is 
provided along with some technical highlights. Section 2.4 and Section 2.5 
provides the thesis-specific definitions of developers and end users 
respectively. 

2.1 Business Intelligence 

The amount of data is increasing at an extremely quick rate and will continue 
to do so. Research done by Ganz and Reisel at IDC (2012) predicts that digital 
data will grow by a factor of 300 from year 2005 to 2020 (130 Exabytes to 
40,000 Exabytes). At the same time Ganz and Reisel estimates that data of 
analytical value will grow from the 25% of 2012 to as much as 33% by 2020. 
As of today companies analyses digital data from their customers, competitors 
and other markets in order to find predictive information.  From this 
information, future trends and events are predicted which gives companies an 
extended foundation in their decision making. With an increasing amount of 
valuable data, companies’ ability to draw conclusions from the data should 
also have a bigger impact on their success. This emphasizes an increased 
interest from organizations on the analyzing process, as predicted by Sallam et 
al. (2015). 
 
Business Intelligence is an umbrella term that concerns development of 
processes, technologies, systems, practices, applications and methodologies 
that analyze data to gain insights about the market and organization (Chen, 
Storey, 2012). The goal of using Business Intelligence is to assist business 
analysts in decision making by helping them understand large sets of business 
data (Işik, Jones, Sidorova, 2013). A common way of doing so is by using 
dashboards which visualizes various data sets in graphs, charts, diagrams and 
tables and often lets the user interact with these in order to extract 
information which they can analyze. 
 
The market for Business Intelligence platforms is rapidly expanding and grew 
by 9% in 2013. Furthermore a compound annual growth rate of 8.7% until 
2018 has been predicted. Investments for Business Intelligence platforms 
have historically been the responsibility of the IT-department, executed in 
strict controlled and standardized projects. As the requests for the analytical 
insights of Business Intelligence have expanded within organizations, so has 
also the user spectrum. A wider range of business users without proper 
competence in IT-systems want the same analytical information presented 
along with the ability to interact with it, which makes for increasing demands 
on organizations IT-departments. (Sallam et al., 2015) 
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The current trend in how organizations is meeting the users requests on 
analytical tools and techniques is by replacing IT-centralized platforms with 
decentralized data discovery solutions (Sallam et al., 2015). This makes the 
analyzing process available to a broader group of users, but has also resulted 
in an increased need for self-servicing functionality. To meet this need 
Business Intelligence vendors have introduced tools for self-service in their 
Business Intelligence platforms, so called Self-service Business Intelligence. 
Parenteau et al. (2016) predicts that by 2018, most business users and 
analysts in organizations will have access to self-service tools for the pre-
analysis preparation of data as part of the shift to deploying modern Business 
Intelligence platforms. 

2.1.1 Self Service Business Intelligence 

This section summarizes White and Imoff’s report Self-service Business 
Intelligence (2011). 
 
The definition of Self-service Business Intelligence is the facilities within the 
Business Intelligence environment that enable Business Intelligence users to 
become more self-reliant and less dependent on the IT organization. There are 
four main objectives that these facilities focus on:  
 
Easy access to source data for reporting and analysis 
Without business context Business Intelligence will not be of much help. 
Users must be able to grasp what the information presented to them means in 
order to create useful analysis of it. 
     
Easy-to-use Business Intelligence tools and improved support for 
data analysis 
Business Intelligence tools that are easy to use make it easier to produce more 
sophisticated analyses. Novice information workers may also be able to select 
their own reports and create simple analyses. 
 
Fast-to-deploy and easy-to-manage data warehouse options such as 
appliances and cloud computing 
Self-service Business Intelligence environments should provide good 
performance and scalability for high data volumes and complex analytical 
workloads. Also, easy administration and enhancement of the environment 
must be supported by the Self-service Business Intelligence system. 
 
Simpler and customizable end user interfaces 
Information workers want to be able to customize dashboards or have 
automated Business Intelligence capabilities so that the data becomes relevant 
for particular situations. It should also be delivered to a user interface of their 
choosing. 

2.1.2 Development Steps 

The development of a Business Intelligence application can be divided into 
different steps. The first step would be to identify available data sources or 
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even create new data sources and to load the data from these sources into the 
application. This step is considered outside the scope of this thesis and is 
therefore ignored (see Section 1.7). All data in the application is thus assumed 
already available, structured and properly loaded. The subsequent steps are to 
identify and structure metrics, create visualizations for the metrics and lay out 
the visualizations made onto dashboards. These steps correspond to the 7 step 
Storyboard Design Process described in Business Dashboards: A Visual 
Catalog for Design and Development (2009). For a Self-service Business 
Intelligence application, such as the one presented in this thesis, the end users 
should be able to customize the application (Imhoff, White, 2011). Creating 
customizability should therefore also be considered throughout the 
development process. 

2.2 Ericsson DCP 

Ericsson is a multinational company providing mobile connectivity 
worldwide. The Ericsson Device Connection Platform is a cloud service that 
enables operators to provide connectivity management to enterprise 
customers (Ericsson, 2016). Ericsson manages a mobile core network that 
handles machine to machine communication and by the use of Subscriber 
Identity Modules (SIM-cards) devices are authorized for connection through 
the system. 
 

 
Figure 1:  A visual representation of the Ericsson DCP business m odel. 

 
In a model of the business chain of providing machine to machine 
connectivity Ericsson may, as shown in  
Figure 1, be placed at the very top. The end user devices are placed at the 
bottom. At the second bottom level there are the enterprises that provide 
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preconfigured SIM-cards and thus connectivity for the end user devices. In-
between the enterprises and Ericsson there are a level of Mobile Network 
Operators that provides enterprises with SIM-cards that they register for 
authorization at Ericsson’s and possibly also other connectivity provider’s 
mobile core networks. In some cases there is also a level of so called 
Aggregators which are enterprises that buys connection from one or more 
Mobile Network Operators that it provides to other enterprises. 
 
The above described business allows for Ericsson to extract data of enterprises 
and Mobile Network Operators, such as their revenues and number of 
registered SIM-cards, but also metadata regarding traffic on a per SIM-card 
level from their mobile core network. This data is then formatted and inserted 
to Microsoft Excel spreadsheets. These spreadsheets are the informational 
foundation for the Business Intelligence of Ericsson’s Direct Connection 
Platform department. Examples of questions that may be answered from this 
information are: 
 

 How many active SIM-cards does enterprise X have? 
 

 By what percentage did the total amount of SIM-cards registered at 
Mobile Network Operator X increase during period P? 
 

 What share of the total revenue for Ericsson comes from Mobile 
Network Operator X, Y and Z? 
 

 How has the revenue per active SIM-cards changed throughout the 
period P? 

 
To present answers to questions such as the above Ericsson creates 
visualizations in the form of diagrams, graphs and tables combined into 
Business Intelligence dashboards. This is done manually by the use of 
Microsoft Excel but the number of possible questions with answers in the 
gathered data increases exponentially with the number of data categories. 
Manually creating a new visualization whenever a period of interest or a key 
value of a question may change is highly time consuming and Ericsson is thus 
looking to automate this process. To do so Ericsson has decided that the Self-
service Business Intelligence tool Qlik Sense is to be used. 

2.3 Qlik Sense 

Qlik Sense is a Self-service Business Intelligence software that lets 
developers/users create applications with interactive dashboards showing 
visualization elements such as diagrams, charts, KPI-objects (key performance 
indicators) and tables. A Qlik Sense application is deployed as an application 
that, in contrast to static Business Intelligence tools, enables interactivity with 
the end user. (QlikTech, Apps, 2016) 
 
Each application contains one or more dashboards with data visualization 
objects showing various measures (e.g. total number of companies or quota 
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between sales and products) and measures over dimensions such as time or 
volume. These measures and dimensions are derived from the data loaded 
into the Qlik Sense application and defined by scripts. Figure 2 illustrates a 
Qlik Sense dashboard with three visualizations. 
 

 
Figure 2: A Qlik Sense dashboard with three visualizations - a pie chart, a bar 

chart and a line chart. 

 

2.3.1 The Data Set 

At the start-up of an application the data is loaded into the memory of the 
user’s computer in accordance with a load script. This data is the initial 
working set from which selections and calculations may be derived. To make a 
selection the user simply clicks on the part or parts of one or more 
visualizations that corresponds to the subset of data that is of interest and the 
working set changes accordingly. Each selection thus works as a filter and all 
selections may be set and unset interchangeably. Figure 3 illustrates a Qlik 
Sense Business Intelligence dashboard as a user selection is made. 

2.3.2 Scripting 

In order to make full use of the Qlik Sense software one must be well 
acquainted with its script syntax and many chart functions. This section 
provides information regarding when and how scripts are used along with 
examples of commonly used scripting functions. A full manual (QlikTech, 
Script syntax, 2016) of the Qlik Sense script syntax and functions can be found 
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on their official website (QlikTech, 2016). This manual is the informational 
source of the following subsections. 

2.3.2.1 The Load Script 

Before it is possible to create visualizations in a Qlik Sense application data 
must be created or loaded from one or multiple sources. The source from 
where the data is to be loaded as well as how this data is to be set up is defined 
by a load script. The easiest way to get started is to simply drag-and-drop, for 
instance an xls-file containing the data fields, directly into the application 
window. Doing so will start up a wizard that lets the user pick-and-choose 
data fields to be loaded and Qlik Sense then automatically fills in the load 
script in accordance with the choices. It is however possible to do many 
different manipulations on the data that is to be loaded and also to generate 
new data. In order to do so the load script must be edited manually. 
 

 
Figure 3: A dashboard with three visualizations - a pie chart, a bar chart and a 

line chart - as presented after a user selection of the country  Sweden. 

 
Variables are defined in the load script by the use of the prefixes let and set. 
When the let prefix is used the application will try to evaluate the value 
assigned to the variable wherever the variable is used while the set prefix is 
used to assign variables with static strings. As to exemplify one may consider 
the two variable assignments below. 
 
Let vMyLetVariable = 1+2; 

 

Set vMySetVariable = 1+2; 
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Wherever the variable vMyLetVariable is used the result will be the number 3 
while the call of the variable vMySetVariable will return the string ‘1+2’. 
Variables are mainly used as holders of expressions that are to be used often 
as to help the developer from having to rewrite the same expression multiple 
times. 

2.3.2.2 Script Functions 

There are many functions in Qlik Sense that can be used to evaluate and/or 
format expressions and variables such as the date() and num() functions. The 
date() function takes two parameters, an expression that it will try to evaluate 
to a the data type date and an optional string that defines the format in which 
the evaluated date should be displayed. 
 
The probably most used function in Qlik Sense is the $-sign expansion, which 
is used to evaluate expressions. This function starts with ‘$(‘ and ends with ‘)’ 
and the expression to be evaluated is placed inside its brackets and must begin 
with an equal sign (=). The $-sign expansion may for instance be used to 
evaluate the vMySetVariable shown in the example code in Section 2.3.2.1 by 
the use of the following expression: 
 
$(=vMySetVariable) 

 
This would result in the same value as simply calling the vMyLetVariable, also 
shown in Section 2.3.2.1. 
 
Aggregation functions are used to make calculations over multiple items of 
data fields such as the sum of their values or their count. For example, given 
that there is a field called “Sales” in the data set containing values for sales, 
the syntax for calculating the sum of sales would be: 
 
SUM(Sales) 

 
A so called “set analysis” is often used along with aggregation functions. This 
lets the developer create different selections than the ones being made by the 
end user in the application. The set analysis is optional to the aggregation 
functions and is defined between two curly brackets {…}. Inside these curly 
brackets there is an identifier for what part of the set that should be 
considered by the aggregation function. The predefined identifiers are: 
 
0 – The empty set 
1 – The complete data set 
$ - The current selection user selection (default) 
1-$ – The complete data set except the user selection 
 
To calculate the average of the total sales while ignoring the selection made in 
the application one would for example write: 
 
AVG({1} Sales) 
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There is also an option for making more specific selections regarding the 
dimensions in the set. These options are surrounded by two angle brackets 
<…> and concerns the dimensions specified by the developer. To calculate the 
total sum of sales for the year 2016, ignoring selections made in the 
application one would for example write:  
 
SUM({1<Year = {2016}>} Sales) 

 
To calculate the average of sales in January 2015 and January 2016 while also 
including the selections made in the application one would write: 
 
AVG({$<Year = {2015, 2016}, Month = {“Jan”}>} Sales) 

 
Qlik Sense also provides a number of script control statements such as the 
conditional if statement and loop statements such as the while and for 
statements. 

2.3.2.3 The Front-end Script Fields 

All visualization objects come with either or both one or more dimension 
fields and one or more measure fields. All these fields are defined by scripts 
and script functions such as the ones described in Section 2.3.2.2. Various 
visual elements of the visualization objects also have script fields for 
respective customizations. Titles and footnotes may be defined by scripts as to 
clarify user selections or to completely change in accordance with various 
conditions. There are display options to many of the visualization objects as to 
use default colors or to use custom color definitions by the use of so called 
color expressions. As an example, see the color expression below. 
 
IF(SUM(Sales) > 100000, GREEN(), RED()) 

 
This color expression will paint a specific measure element (e.g. the line of a 
line chart) green where its value of summarized sales exceeds 100’000 and red 
where it doesn’t.  

2.3.3 Visualizations and Dashboards 

Qlik Sense offers 13 different visualization objects such as line charts, pie 
charts and the Text and image object for presenting data and information in 
various ways and/or for making selections (QlikTech, Visualizations, 2016). 
To create a new visualization the developer simply drags it from the library 
pane onto a dashboard as shown in Figure 4. Most visualization objects have 
one or more dimensions and one or more measures. These dimensions and 
measures are defined by script fields as presented in Section 2.3.2.3. 
 
The dimension fields can either be simply a name of a data field such as 
“Month” or “Country” or a more or less complicated script as to display a 
subset of one or more fields’ category items (e.g. top ten “Country”-items in 
regards to sum of “Sales”) or a conditional script for e.g. using a different 
dimension depending on the current data selection. 
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The measure field always uses scripts that defines what is to be measured and 
how, such as the sum of e.g. “Sales” or the count of elements of a certain field. 
In visualization objects that also have a dimension the measure will per 
default be calculated for each of the dimension’s category items respectively. 
 

 
Figure 4: T he Qlik Sense App Overview with an em pty  dashboard grid and a bar 

chart being dragged into the em pty  grid from  the library  pane. 

 
All visualization objects have their own various display options. Some 
examples of display options are to show or to not show various elements of a 
chart (e.g. labels on an axis or a legend) and to colorize various elements of a 
visualization object by the use of either the default and predefined colors or by 
custom colors in accordance with a color expression as described in Section 
2.3.2.3. 
 
There is no limitation in number of dashboards per Qlik Sense application but 
each dashboard has a limited amount of real estate onto which visualization  
objects may be placed. The real estate of every dashboard is divided by a 24x12 
grid which means that it, in theory, is possible to display 288 (24·12) various 
visualization per dashboard (QlikTech, Front end Guidelines, 2016). The 
display of the visualization objects are responsive to the real estate (as 
measured in pixels) that they are filling which means that the same dashboard 
may appear different on computers of different screen resolutions. Some 
differences in appearance on a lower screen resolution can be insertion of 
scrollbars into various visualizations, removal of elements such as legends, 
titles and in some cases even the removal of measure elements. All 
visualizations may, however, be maximized by the click of a button that 
appears when hovering over them as to explore the information that may have 
been removed due to the visual responsiveness. 
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2.3.4 Master Items 

Qlik Sense supports front-end customizability by implementing master items, 
alternative measures along with the ability to create new visualizations or to 
drag-and-drop existing visualizations onto dashboards. The master items, 
which consist of measures, dimensions and visualizations predefined by the 
developer, are all accessible from the library pane. The purpose of the master 
items is to facilitate reusability and allow for non-developer end users to 
create customized dashboards and visualizations. 
 

 
Figure 5: Showing the library  pane tab Master item s and its search function. 

 

The master items structure in Qlik Sense is made of three alphabetically 
ordered lists where one contains dimensions, one contains measures and one 
contains visualizations. Within each one of these master item lists, no 
hierarchy exists and the items cannot be reordered. Qlik Sense however 
provides a search function which matches the searched term with both the 
names of the master items as well as the tags assigned to them. Figure 5 
illustrates the use of this search function. 

2.4 Developers 

In this thesis, developers are referred to as those who develop the initial Qlik 
Sense applications. This development includes the identifying and gathering 
of metrics that are to be illustrated, the setting up of the data layer (i.e. to 
properly load the data into the application), the creation of master items and 
their respective scripts and finally the creation of visualizations and the work 
of laying out these visualizations onto dashboards. The developer could also 
alter an existing Qlik Sense application by addressing one or more of these 
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development steps. As opposed to end users, the developers are familiar with 
the scripting syntax and functions as well as the overall architecture and 
functionalities of Qlik Sense. 
 

2.5 End users 

End users are referred to as those who use the Qlik Sense application for 
analyzing data in some way and/or create reports or presentations. End users 
could create new or alter existing visualizations through the use of master 
items created by the developer. How the visualizations are laid out on each 
dashboard can also be changed by the end user as well as creating new 
dashboards. Variables defined by the developer in the data layer, such as color 
thresholds, could also be altered by the end users. In contrast to the 
developers, the end user’s ability to further develop an application is limited to 
“picking and choosing” among the elements created by the developer as well 
as the built in elements in Qlik Sense. More specifically, end users cannot 
write scripting functions, alter the load script, modify the data layer, other 
than changing values of variables, or create master items. 
 
The end users of the project work presented in this thesis are operational 
workers at the Ericsson Device Connection Platform department. These 
operational workers are more specifically strategists, sales development 
workers and business management.  The end users have computer skills 
which they themselves states to be above average as they their work includes 
using different types of computer software. The programming experience 
amongst the end users is limited to writing basic scripts in Microsoft Excel 
and similar software. The screen resolutions they typically use is between 
1920x1080 and 1366x768.  The lowest level of knowledge among the end users 
at Ericsson is assumed to be corresponding to the end user definition 
described in the previous paragraph. 
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3 Method 

In this thesis the Design Science Research methodology was used as it offers a 
process for solving problems through iterative prototype design and 
evaluation. The Design Science Research methodology begins with 
understanding the problem, which is solved through iterative designing, 
implementing and evaluating artifacts (Hevner, March, Park, 2004). The 
artifacts developed in this study were prototypes of a Qlik Sense application 
containing Business Intelligence dashboards. The Design Science Research 
methodology allows for the initial problem to be restated when needed 
throughout the process (Hevner, March, Park, 2004). This provides the 
flexibility that is necessary as requirements for a system may change during 
the project and could be hard to precise early on. For evaluating the 
prototypes, feedback rounds with end users were conducted. These feedback 
rounds aimed to test how well the prototypes’ met the functional and non-
functional requirements stated in Section 1.4. The information retrieval is 
described in Section 3.1, the prototype designing in Section 3.2 and the 
evaluation process in Section 3.3. 

3.1 Information Retrieval 

The information retrieval targeted existing guidelines, checklists and crucial 
success factors for designing Business Intelligence systems/applications in 
general and Self-service Business Intelligence applications specifically. 
Guidelines regarding the development of a Qlik Sense application were also 
being searched for. The search was mainly performed through using the 
search engine available from the KTH Library1 . The sources found on existing 
guidelines for Business Intelligence system design were all reviewed by their 
number of citations. One or two random tests on how these sources were cited 
were also performed in order to strengthen that the source didn’t have many 
referrers stating it as a “bad example” or having an “incorrect approach”. As 
many of the guidelines found proved to illustrate the same concepts, the 
decision was made to use the sources with the most complete information. A 
similar approach was taken when searching for Qlik Sense conventions and 
guidelines. Information regarding the software Qlik Sense was also extracted 
from the Qlik Sense official webpage (QlikTech, 2016). 
 
Another pre-development step was an informational meeting with the end 
users at Ericsson. During this meeting, the product requirements, stated in 
Section 1.4, were identified and discussed. A static Business Intelligence 
dashboard created with Microsoft Excel, used prior to the project work 
described in this thesis, was presented as an initial blueprint for the Qlik 
Sense application. 
 

                                                 
 
 
 
1  https://www.kth.se/kthb [Accessed 04/2016] 

https://www.kth.se/kthb


17 
 
 
 
 

3.2 Prototyping 

Prototyping was done in three iterations spanning over two weeks each. The 
prototypes were all developed and designed during their entire respective 
iteration period and was then presented to and evaluated by end users at 
Ericsson. The method used for creating the first prototype is described in 
Section 3.2.1 and its subsequent prototypes in Section 3.2.2. 

3.2.1 The First Prototype 

The first prototype was designed in accordance with the design guidelines 
extracted during the information retrieval and a static Business Intelligence 
dashboard provided by Ericsson. As a first step, metrics were extracted from 
the static Business Intelligence dashboard provided by Ericsson. 
Visualizations that would be able to illustrate these metrics were created in 
accordance with guidelines found during the information retrieval. These 
visualizations were then laid out on dashboards, also based on guidelines 
found, in order to make the dashboards logical and intuitive to the end users.  

3.2.2 Subsequent Prototypes 

The second and last prototypes were both built by extending and changing 
their prior prototypes through the use of guidelines and results from the 
prototype evaluation, described in Section 3.3. The evaluation results reflected 
on our interpretation of the guidelines used, previous evaluation results and to 
what extent the end users felt their business questions could be answered 
through the use of the created dashboards. These results motivated changes in 
the visualizations, dashboards, dashboard structure and the infrastructure of 
the application. The evaluation results also gave rise to new business 
questions that needed answers which motivated new visualizations. 

3.3 Prototype Evaluation 

Each prototype was presented and evaluated with 2-3 end users. For the first 
two prototypes respectively, the presentation and evaluation took place at the 
same meeting. These prototypes were demonstrated by showing each 
dashboard along with its visualizations and explaining what questions they 
aimed to answer. The end users provided feedback on the demonstration 
regarding the dashboards’ ability to answer business related questions which 
created a discussion of possible improvements and extensions. For the final 
prototype, the presentation took place three days earlier to the evaluation as 
to allow for the end users to get a chance to test the application during this 
time period. The final presentation was conducted in a similar way to the prior 
ones but also demonstrated the infrastructure of the application, where the 
focus was to cover the customizability aspect for the end users (e.g. how new 
dashboards and visualizations could be created and modified). During the 
user tests, they were encouraged to not only conduct data discovery, but to 
also create their own dashboards and visualizations in order for them to 
construct feedback regarding the customizability of the application. The final 
evaluation followed the same structure as the prior ones, but also concerned 
customizability in a similar manner. 
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4 Business Intelligence Guidelines 

The information retrieval consisted of identifying guidelines regarding the 
aspects of identifying metrics, visualizing data, creating dashboards and 
providing customizability for end users in Self-service Business Intelligence 
applications. The guidelines found on each of these aspects respectively are 
presented in the following sections. 

4.1 Identifying Metrics 

This section highlights material on extracting metrics from chapter 11 and 10 
of the book Performance Dashboards Measuring, Monitoring and Managing 
Your Business (Eckerson, 2011). 
 
A metric is a measurement of business activity, such as a “number of total 
products sold” or “revenue per product sold”. The metrics serve to give the 
company useful information which assists their decision making. In a 
Business Intelligence system, several metrics are illustrated in the dashboards 
as graphs, diagrams, tables or other types of visualizations. When identifying 
what metrics are important to a certain company a few methods exist. The 
most common ones being to “review and prioritize metrics used in existing 
reports” followed by “interviews and joint design sessions”. Regardless of the 
methodology used, interviews with business analysts are often conducted as a 
complement in order to make sure that what is measured actually  is 
meaningful for the company. 
 
How many metrics that should be used in a certain Business Intelligence 
system depends on many factors. Some of which is the nature of the data, the 
skill and maturity of users and the complexity of the processes being 
monitored. There is also a tendency among organizations to never delete 
metrics while adding new. Metrics will over time lose their power to grab the 
attention of the users which often will be more interested in the added 
activities. 

4.2 Data Visualizations 

When the metrics of the data are identified the work of visualizing them can 
begin. There exists, in theory, unlimited ways to visualize a set of data as the 
only limitation when designing a chart or graph representation is the 
imagination of the designer. In order to succeed in presenting data in a precise 
and user-friendly way there are many guidelines that may be followed. In this 
section guidelines for designing data visualizations are presented and Section 
4.2.1 presents guidelines for choosing the right type of visualization. 
 
When designing a data visualization element for a business intelligence 
dashboard one should ask the question if the graphics used makes for the 
clearest and most meaningful presentation of the data in the least amount of 
space (Eckerson, 2011) (Few, 2006). A key to succeeding with this is to focus 
on the data that is to be presented rather than the design of the element 
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(Eckerson, 2011) (Rasmussen, Chen, Bansal, 2009). One should thus figure 
out what kind of chart or graph that would do the best job in communicating 
that which is of importance while putting design factors aside. A chart should 
be user-friendly and easy to interpret and charts that would require the user to 
spend extra time to comprehend its data should be avoided (QlikTech, 5 steps, 
2015). 
 
To avoid misinterpretation of data when fast-glancing a chart proper and 
scalar dimensions should always be used. If outliers of a chart differ too much 
it will obscure the relationship between the numbers. It may be tempting, for 
instance in a bar chart, to have the scale start at a number other than zero if its 
portrayed values are similarly high. This will however obscure the data’s real 
number’s proportional differences. (Eckerson, 2011) 
 
Data values that are connected should be presented in close vicinity to enable 
the user to consume the data and summarize its valuable information quickly . 
The less eye movement a chart requires the easier it is to consume. (Eckerson, 
2011) 
 
A common saying when it comes to design in general is less is more which 
shortly put means that a minimalistic design is preferred. When it comes to 
business intelligence dashboards this hold extra true since decorations 
distracts the eye and might also use up valuable space (Eckerson, 2011). It is, 
after all, the understanding of the data that is important, not the visuals itself 
and the less there is to interpret the easier it is to understand (QlikTech, 5 
pitfalls, 2014). In short this means that all design that is put into the 
visualizations should be so for the strict reason of improving their ability of 
presenting information. 
 
Headers and labels should be selected with care as to not misguide users in 
their analyses. Even though this is a simple stage of the design process it is of 
great importance and should not be rushed since an obscure title easily 
misguides the user into thinking the graph is showing something else than it  
actually does. (Rasmussen, Chen, Bansal, 2009) 
 
Colors should, in accordance with the less is more approach, only be used 
when needed for clarifying and distinguishing information and relations. The 
colors green, yellow and red are commonly used to distinguish between good, 
satisfactory and bad respectively. When doing so one should, however, make 
sure that the user can also see how good or how bad the indication is (e.g. also 
provide exact numbers). Different lightness’s and saturations should usually 
be used rather than different colors since such differentiations also work for 
the eventual color blind users. Although, when many components in a 
visualization are to be distinguished from each other an exception needs to be 
made from this rule since too many shades of the same color will obscure the 
distinctions. (Few, 2006) 
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4.2.1 Choosing the Right Data Visualization 

There are many different types of graphs and it is important to choose one 
that is suitable for both the data to be displayed and the message that is to be 
communicated. Different business intelligence tools come with different 
advantages and limitation and offers different visualization selections . The 
available visualization objects in Qlik Sense are listed in Table 1 along with 
their purposes as stated by QlikTech International AB (QlikTech, 
Visualizations, 2016). 
 
T able 1: T he available visualizations in Qlik Sense along with their respective 

purposes as stated by  Qlik (QlikT ech, Visualizations, 2016). 

Visualization type Purpose 

Bar chart Compare data side by side 

Line chart Display trends over time 

Combo chart Combine absolute and relative values 

Gauge Indicate ratio 

KPI Display a performance value 

Filter pane Make selections to reduce data set 

Tree map Display hierarchical data 

Pie chart Display ratio to total 

Table Display numbers and values 

Pivot table 
Create a cross table view of data and to summarize 
data 

Text and image Display text, images, links, and measures 

Scatter plot Display correlation of measures 

Map Display point and area data 

 
Bar charts are suitable for comparing values of multiple category items 
(Eckerson, 2011) (QlikTech, Visualizations , 2016). The bar chart visualization 
in Qlik Sense has a limitation of up to two dimensions for one measure and up 
to 15 measures when only one dimension is used (QlikTech, Visualizations, 
2016). The standard bar chart uses one dimension (e.g. months) and one 
measure (e.g. sum of sales) (Eckerson, 2011) (QlikTech, Visualizations , 2016). 
The stacked and grouped bar charts use multiple measures such as sum of 
sales per region and sum of sales of a specific item etcetera and are suitable 
for communicating multiple relations (Eckerson, 2011) (Rasmussen, Chen, 
Bansal, 2009) (QlikTech, Visualizations, 2016). Grouped bar charts are more 
suitable when the specific value of each measure is of importance while 
stacked bar charts better show each measurement in relation to the whole  
(Eckerson, 2011) (QlikTech, Visualizations, 2016). The dimension of a bar 
chart in Qlik Sense can be placed on either the x-axis for vertical bars, or on 
the y-axis for horizontal bars (QlikTech, Visualizations, 2016). 
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Line charts are suitable for showing trends of continuous measures over 
evenly spaced time or categories (Eckerson, 2011) (Rasmussen, Chen, Bansal, 
2009) (QlikTech, Visualizations, 2016). Line charts has the same limitations 
in Qlik Sense for number of dimensions and measures as bar charts (QlikTech, 
Visualizations, 2016). The data set must have at least two measure values as 
to draw line. In Qlik Sense the data values that connect the lines may be 
shown as points (QlikTech, Visualizations , 2016). Missing values may be 
presented as either gaps, connections or zeros (QlikTech, Visualizations, 
2016). There is also an option to show the area beneath the lines and if used, 
to either stack or overlay these areas (QlikTech, Visualizations, 2016). 
 
Combo charts uses a combination of the line chart and the bar chart. The 
combo chart is suitable for displaying values of different measure scales as it  
may have one scale at the left hand side and another at the right hand side. It 
is also suitable for distinguishing multiple measures that tend to have equal 
values at many following dimension steps since its measures may be depicted 
as either trend lines, bars or data points of various shapes. The combo chart in 
Qlik Sense only allows for one dimension to be used. (QlikTech, 
Visualizations, 2016) 
 
Gauges are used to visualize states of a single measure as to help the user 
interpret its value (Eckerson, 2011) (Rasmussen, Chen, Bansal, 2009) 
(QlikTech, Visualizations, 2016). It is usually used for showing the states good 
(green), satisfactory/neutral (yellow) and bad (red) of a measure (Eckerson, 
2011) but Qlik Sense also allows for other colors along with a legend and single 
color gauges (QlikTech, Visualizations, 2016). 
 
KPI stands for key performance indicator and the KPI-object in Qlik Sense 
simply show wither one or two measures without any dimension (QlikTech, 
Visualizations, 2016). It is suitable for highlighting values of importance 
(Eckerson, 2011) (Rasmussen, Chen, Bansal, 2009) (QlikTech, Visualizations, 
2016). In Qlik Sense the color of the KPI-objects’ values can be coded as to 
indicate its states and the elements can also be set as a clickable link to 
another dashboard (QlikTech, Visualizations, 2016). 
 
Filter pane. The filter pane object in Qlik Sense is used to let the user define 
the current Qlik Sense data selection. Any number of dimensions may be used 
as filters and the filter pane will show a green bar for each dimension that 
represents how many of the dimensions total elements that are currently in 
the data set. (QlikTech, Visualizations, 2016) 
 
Tree map. Tree maps display hierarchical data as nested rectangles 
(Eckerson, 2011) (QlikTech, Visualizations, 2016). It uses one measure and 
one or many dimensions (QlikTech, Visualizations, 2016). It is suitable for 
showing the relative size of measures over different dimension as each 
rectangle’s size corresponds to its dimension’s relative contribution to the 
whole of its containing rectangle (Eckerson, 2011) (QlikTech, Visualizations, 
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2016). Qlik Sense also allows for different colors to be used to distinguish 
between dimensions/categories at different hierarchal levels (QlikTech, 
Visualizations, 2016). 
 
Pie charts are suitable for showing the relations between a single measure 
over different categories of data as well as the relation of each category to a 
whole. A category is represented as a piece of the pie and its size corresponds 
to its contribution to the total. (QlikTech, Visualizations, 2016) 
 
Tables are suitable for showing multiple measures connected to one or more 
categories or dimensions. It is a good choice for showing many exact values. 
(QlikTech, Visualizations, 2016) 
 
Pivot tables are suitable for letting the user reorganize a tables dimensions 
and measures as to see different subtotals of various categories (QlikTech, 
Visualizations, 2016). 
 
Text and image. The text and image object in Qlik Sense is used for adding 
static text and images to a dashboard. Measures, hyperlinks and links to 
dashboards can also be inserted to this object. (QlikTech, Visualizations, 
2016) 
 
Scatter plots are suitable for showing values from two or three measures for 
category items. Two values are represented by the data points positions on the 
x- and y axis’s and a third measure can be represented by varying sizes of the 
data points. (QlikTech, Visualizations, 2016) 
 
Map. The map object can be used when data is connected to pointers of a 
picture. It is usually used to present regional data (QlikTech, Visualizations, 
2016). 

4.3 Dashboards 

The visualizations created should be placed on each dashboard in a way that 
makes it easy for the user to understand their context and in coherence to 
other visualizationsand to achieve this; the information in each dashboard 
should be displayed in an uncluttered and well-structured manner (Jooste, 
Van Biljon, Mentz, 2014). The dashboards within a Business Intelligence 
system should also be organized in a way so that the users can follow a 
common thread (Rasmussen, Chen, Bansal, 2011). In this section guidelines 
for dashboard structure and design are presented along with how to structure 
the dashboards within a Business Intelligence system. Section 4.2.1 deals with 
the structure of the dashboards within an application, Section 4.2.2 deals with 
the workflow aspects and Section 4.2.3 deals with the readability of 
dashboards. 

4.3.1 Dashboard structure 

Before laying out visualizations on the dashboards, it is often a good idea to 
structure the dashboards by giving each dashboard an idea or a goal 
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(QlikTech, App structure, 2016). Such an idea could be sales data where 
different products and demographics could be examined by the user. Based on 
this idea or goal, metrics can be selected for each dashboard where the same 
metric could be selected for more than one dashboard. For a dashboard 
aiming to display sales data, for example, the selected metrics could be total 
sales, revenue per product, profit by region and top 10 products by number of 
sales. As a general guideline, the number of metrics in each dashboard should 
not exceed 9 as too many indicators can be distracting for the user (QlikTech, 
5 Pitfalls, 2014). This however depends greatly on the end users’ preferences. 
Figure 6 illustrates a finished dashboard structure where the idea of each 
dashboard is stated along with the metrics for that dashboard. 
 

 
Figure 6: dashboard structure where each dashboard is represented by  a square, 
each m etric stated inside the square and the idea behind the dashboard above 

the square. 

4.3.2 Workflow 

When designing the dashboard layout, every dashboard developer should ask 
themselves: “Do the graphics provide the clearest, most meaningful 
presentation of the data in the least amount of space?” (Rasmussen, Chen, 
Bansal, 2009). When selecting the metrics for the dashboards, users’ 
questions should be anticipated and the metrics organized so the dashboard 
can deliver answers to relevant questions (QlikTech, 5 steps, 2015). Most users 
read from left to right and start at the top and the components of each 
dashboard should be placed by order of importance based on this 
(Rasmussen, Chen, Bansal, 2009). A consideration here is how the users’ 
questions appear and how they get answers. If for example a user sees a graph 
in the top left corner displaying sales over time and notice a peak in January 
questions like “what is causing this peak?” or “which products were sold more 
than usual in January?” may appear. Understanding what questions are 
relevant for the user is of great importance as answering all possible questions 
within the same dashboard would be impossible (Rasmussen, Chen, Bansal, 
2009). Being aware of how the users interact with the dashboards is therefore 
of great importance when placing components.  

4.3.3 Readability 

Every dashboard should be easy to understand and encourage the user to find 
questions and to answer those by interacting with the dashboard (Rasmussen, 
Chen, Bansal, 2009). The more information a dashboard contain, the more 
questions it should be able to answer. In practice however, too much 
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information could make the dashboard hard to grasp and even harder to learn 
to work with. The ratio between scarcity and density varies by end users’ 
preferences and it is therefore hard to precise rules on how much information, 
how the information is visualized and how detailed that information should 
be, contained within a dashboard (Eckerson, 2011). Some generalizations has 
however been made as like operational workers typically prefer dense displays 
of data with a lot of detail where each dashboard could contain as much text as 
charts (Eckerson, 2012). In contrast to this managers often prefer to scan a 
few metrics displayed with stoplights together with an associated chart or two 
(Eckerson, 2012). As compact or airy a dashboard may be it is important that 
the user always sees relevant data at relevant times (Rasmussen, Chen, 
Bansal, 2009). To achieve this, filters can be used to select a certain time 
period or a segment of the market in a sales dashboard. 

4.4 Customizability 

A Self Service Business Intelligence system should allow for customization by 
the end users (White, Imoff, 2011). Different front end tools have different 
ways of achieving this which often includes reusable components and drag-
and-drop functionality that lets the user edit or create dashboards without 
having to write a single line of code (Kobelius et al., 2009). Some general 
guidelines exist for successfully making the Self Service Business Intell igence 
system customizable, but because of the variety of approaches by front end 
tools these guidelines are quite unspecific. A few of these being that the user 
should feel in control of the application, that the application should promote 
learnability to make it accessible for infrequent usage and that instructions 
should be self-explanatory and visible inside the application (Jooste, Van 
Biljon, Mentz, 2014).  
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5 Developing the Qlik Sense Application 

This section describes the project work and how prototypes were designed and 
their design choices motivated. 

5.1 Extracting Metrics 

The material provided from Ericsson was initially a static dashboards made in 
Microsoft Excel. This dashboard, shown in Figure 7, visualizes the 
summarized progress of Ericsson Device Connection Platform. Metrics (e.g. 
enterprise spending, average revenue per SIM-card) were extracted from the 
dashboards by examining the visualizations and listing their measurements. 
 

 
Figure 7 : A static dashboard illustrating the progress of Ericsson Device 

Connection Platform  in January  2016. All confidential data in this im age has 
been rem oved. 

 
A meeting with the end users was also conducted which aimed to identify 
additional metrics. During this meeting the visualizations of the static excel 
dashboard were discussed along with what useful information that could be 
added. The metrics found are listed and described in Table 2. 
 
The metrics which should be displayed together was also extracted from the 
static dashboard of Figure 7. This was done by examining the graphs and 
tables to find what metrics that was already used together. This was also 
discussed during the initial meeting with the end users. The result from this 
process is shown in Table 3. 
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T able 2: Metrics extracted from  the initial requirem ents from  Ericsson. 

Metrics Description 
SIM-cards Number of total SIM-cards and how 

this number has progressed over 
time. 

Active SIM-cards Number of active SIM-cards and how 
this number has progressed over 
time. 

Other SIM-cards Number of paused, terminated, 
undefined and Policy Based Routing 
SIM-cards.  

Enterprises  Number of total enterprises and how 
this number has progressed over 
time. 

Hosting Operators  Number of total hosting operators 
and hosting operators in test mode 
and how this number has progressed 
over time.  

Active SIM-card Distribution Over 
Enterprises 

Distribution of number of active SIM-
cards over enterprises 

Active SIM-card Distribution Over 
Hosting Operators 

Distribution of number of active SIM-
cards 

Data Traffic Amount of data sent by enterprises 
and how this amount has progressed 
over time. 

Average Data Traffic Per Unit Average amount of traffic data per 
active SIM-card. 

SMS Traffic Number of SMS sent by enterprises 
and how this number has progressed 
over time. 

Average SMS Traffic Per Unit Average number of SMS sent by an 
active SIM-card. 

Revenues Monthly revenue for Ericsson Device 
Connection Platform, enterprises and 
hosting operators and how this 
monthly revenue has progressed over 
time. 

Average Revenue Per Unit Average revenue per active SIM-card 
and how this revenue has progressed 
over time along with highest/lowest 
revenue per unit by enterprise with 
more than 1000 SIM-cards the latest 
month. 

New SIM-cards Number of SIM-cards added latest 
month and how these SIM-cards are 
distributed among enterprises. 

New Enterprises Enterprises added latest month. 
Ericsson Revenue Share The Ericsson shares of the hosting 
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operators’ revenue.  
Volume of the various SIM-card 
states (active, paused, terminated, 
undefined and policy based routing) 
and their percent of the total number 
of SIM-cards. 

The volume of the various states 
along with how many percent of the 
total number of SIM-cards this 
corresponds to is relevant as it 
illustrates the progress of a certain 
SIM-card state. 

 
T able 3: Metrics that should be visualized together and a description of why . 

Paired Metrics Description 
Active and total SIM-cards The number of active SIM-cards and 

total SIM-cards are relevant to 
compare as their values and ratio 
describes the progress of Ericsson 
Device Connection Platform. 

Active SIM-cards and hosting 
operator revenue 

The progress of number of active 
SIM-cards and the revenue of the 
hosting operators are relevant to 
visualize together as they illustrates 
an overview of the SIM-card market 
and where it is headed. 

Revenue per unit and active SIM-
cards over enterprises 

The enterprises with the most active 
SIM-cards’ revenue per active SIM-
card is relevant to look at as it gives 
insight in their business. 

Traffic Data and SMS traffic Traffic data and SMS traffic are not 
necessary visualized together as their 
ratio does not give much information. 
For the sake of space in the 
dashboard they can be. 

 
With every prototype evaluation, a few metrics were removed and a few 
added. Each of these metrics gave rise to a discussion directed towards 
answering the question of why that metric should be removed or added. This 
approach gave insight in what types of business questions a certain metric 
aimed to answer and therefore assisted us in the prototyping of dashboards 
described in Section 5.3. 

5.2 Visualizations 

As Qlik Sense comes with its own premade visualizations, listed in Table 1, the 
task was to choose proper visualizations as representations for the metrics 
listed in Table 2 and the grouped metrics listed in Table 3. This was done by 
following the guidelines of when to use what type of chart as described in 
Section 4.2.1. To illustrate metrics in an intuitive way chart options were 
chosen in a manner as to follow the guidelines presented in Section 4.2. The 
guidelines in sections 4.2 and 4.2.1 were followed strictly with a few 
exceptions due to user preferences and Qlik Sense limitations.  
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In order to display the measures that by themselves are of importance two 
different approaches were used. Firstly the KPI-object was chosen in 
accordance with the guidelines of when to use what visualization in Section 
4.2.1. Some measures, as for instance the total number of SIM-cards, were 
simply displayed as a single number in its own KPI-object. Other measures, 
such as the growth of a metric from a specific point back in time, were shown 
by using the KPI-object and two measures, one showing its growth in real 
numbers and the second its growth in percentage. For the numbers showing 
growth in percentage the option of conditional colors were used as to show a 
negative growth in red along with an arrow pointing down and a positive 
growth in green along with an arrow pointing up as in accordance with the 
guideline of when and how to use colors described in Section 4.2. 
 

 
Figure 8: Exam ples of the Qlik Sense KPI-object with one m easure (to the left) 

and two m easures (to the right). 

 

 
Figure 9: Exam ple of the Qlik Sense T ext and im age object as used to display  

m ultiple Key  Perform ance Indicators. 

 
In accordance with the guideline that graphics used should make for the 
clearest and most meaningful presentation of the data in the least amount of 
space (Eckerson, 2011) (Few, 2006) as stated in Section 4.2 and to meet user 
preferences a second approach for displaying metrics of standalone 
importance was also used. This approach was to use the Text and image 
object, described in Section 4.2.1, and multiple measures for the means of 
displaying more key performance indicators in less space and in closer 
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vicinity. The KPI-object with both one measure and two measures are shown 
in Figure 8 and Figure 9 shows how the Text and image object was used to 
display key performance indicators. 
 

 
Figure 10. T o the left: a line chart with a single m easure and value tags. T o the 

right: a line chart with m ultiple m easures and stacked areas. 

 

 
Figure 11: A line chart displaying the progression of total SIM -cards including a 

linear forecast of the sam e. 

 
Line charts were used for displaying metrics’ progression over time in 
accordance with the guidelines of when to use what type of visualization in 
Section 4.2.1. For line charts displaying more than one measure, and thus 
multiple lines, different colors along with legends was used as an exception to 
the guideline of using different lightness or saturations rather than colors as 
described in Section 4.2. This was due to limitations of the line chart object’s 
display options. The line chart object’s display options does not allow for the 
use of custom colors for multiple measures respectively in the same line chart. 
There is however a workaround to achieve the above as by using the Qlik 
Sense scripting function valuelist as an extra hidden dimension in addition to 
the time dimension for the chart along with a conditional script as its measure 
instead of multiple measures.  
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When the exact values of the plotted data were deemed important the option 
of displaying data points and value tags were selected. For line charts showing 
accumulated progression the option of colorizing the area beneath the line was 
selected and for line charts showing progression of multiple categories and 
there contribution to the whole the option of stacked areas were used. Figure 
10 shows two line charts, one with a single measure and value tags and the 
other with the display option of stacked areas. 
 
In a special case of the line chart the progression line was extended with a 
linear forecast. As the forecast and the actual data were displayed by the same 
measure expression and thus shown by the same line a different saturation 
was selected for the forecasted part of the line in accordance with the 
guideline of when and how to use colors described in Section 4.2. This line 
chart is shown in Figure 11. 
 

 
Figure 12: A bar chart displaying the number of Active SIM-cards per enterprise 

from  largest to sm allest. 

 
Bar charts were used for displaying measure values per category items in a 
largest to smallest fashion as the guidelines of when to use what type of 
visualizations in Section 4.2.1 suggests. In accordance with the guideline of 
when and how to use colors bars of larger values were displayed with an 
increasing amount of saturation. Charts with both standing and lying bars 
were used depending on available horizontal and vertical space as to present 
as much data as possible in accordance with the guideline of using the most 
meaningful presentation of the data in the least amount of space stated in 
Section 4.2. To follow the guideline of proper and scalar dimensions, 
described in the same section, all bar charts were set to have zero as their base 
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value. A bar chart displaying the number of active SIM-cards per enterprise is 
shown in Figure 12. 
 

 
Figure 13: A tree m ap display ing active SIM-cards per enterprises grouped by  

hosting operators. 

 

 
Figure 14: T wo pictures of the sam e pie chart object. T o the left: the pie chart 

when no user selections are m ade. T o the right: the pie chart when a single 
hosting operator is chosen. 

 
In order to show hosting operators and enterprises Active SIM-card 
contribution to the total sum of Active SIM-cards the use of both a pie chart 
and a tree map were chosen. As the guidelines of Section 4.2.1 suggests these 
two visualization types may both be used for this purpose even though the 
main purpose of the tree map visualization rather is to display hierarchal data 
as Table 1 in the same section states. The choice of using the tree map for this 
purpose was made due to user preferences. Different colors were used to 
distinguish the category items from one another since the number of category 
items shown in these charts were to many to be distinguished by different 
saturations and/or lightness alone. The tree map is shown in Figure 13. 
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At first the pie chart was made to show only the hosting operators’ 
contribution to the whole sum of Active SIM-cards. This would however make 
the pie chart meaningless if all but one hosting operator would be filtered out 
from the data set by a user selection. The reason for this is that the total sum 
of Active SIM-cards would then be the same as the hosting operator’s 
contribution which would leave the user with a pie chart of only one piece 
indicating hosting operator’s obvious 100 % contribution to its own sum. To 
make the chart more responsive to user selections a conditional script was 
used for its dimension as to make it show the enterprises contribution to the 
selected hosting operator’s sum of Active SIM-cards instead of the hosting 
operators’ contribution. Figure 14 shows the pie chart when no user selection 
is made and the same as all but one hosting operator is filtered out by a user 
selection.  
 

 
Figure 15. T o the left: a table showing enterprises that was boarded the latest 

m onth of the current data set. T o the right: the current am ount of Active SIM -
cards per hosting operator along with growth from different points back in tim e 

in num eric values as well as in percentage. 

 
Tables were chosen for showing multiple measures connected to one or more 
dimensions’ category items as the guidelines of when to use what type of 
visualization in Section 4.2.1 suggests. As to exemplify, one table was used to 
display newly boarded enterprises along with their respective number of 
active SIM-cards and another the current months’ spending per enterprise 
along with growth from one, three and 12 months back in both numeric values 
and percentage respectively. In the latter case, and for all other tables showing 
the growth or decrease of certain metrics, conditional colors of green, red and 
grey were used for the text and/or cell background. In accordance with the 
guideline of when and how to use colors as described in Section 4.2 the green 
color would represent and highlight a growth and the red color a decrease. 
The grey color was used as to show that a specific category item was non-
existent at the time from which its growth was measured, e.g. if an enterprise 
was boarded during the last month of the data set its three month spending 
growth would still be the last month’s spending minus zero while its real three 
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month growth can arguably be considered as also non-existent. Two different 
tables are shown in Figure 15. 
 
The titles of all visualizations were chosen in accordance with the 
abbreviations and key words already used by the Ericsson Device Connection 
Platform department for making them as short as possible while still 
describing what their respective visualization portrayed. These abbreviations 
may seem to obscure the message to anyone who doesn’t know their meaning 
but since all end-users were well accustomed to them they only helped in 
communicating as much information in as little space as possible as one 
guideline of Section 4.2 suggests. 

5.3 Dashboard Prototyping 

This section describes how the dashboards were laid out, starting with the 
structuring of dashboards inside the application in Section 5.3.1 and how 
visualizations were positioned on the dashboards in Section 5.3.2. 

5.3.1 Dashboard structure 

In the first prototype the dashboards were made strictly from the metrics 
found in Table 2 with the grouping of metrics from Table 3 along with the 
guidelines described in Section 4.3.  
 

 
Figure 16: dashboard structure for Prototy pe 1 where each dashboard is 

represented by  a square, each m etric stated inside the square and the idea 
behind the dashboard above the square. 

 
As a first step the metrics were grouped by coherence where each group 
formed a concept, or an idea for a dashboard as suggested in Section 4.3.1. 
The coherence was based on the metrics that should be displayed together, 
described in Table 3. For example data and SMS traffic were grouped 
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together, and therefore metrics concerning data and SMS traffic also were 
added to this group. Some consideration had to be made as a few metrics, 
such as active SIM-cards, could be grouped into more than one group. These 
metrics were added to what was believed to be the most appropriate group. 
Each group was given a title describing its idea which would also be the title of 
the corresponding dashboard. The groups created are illustrated in Figure 16. 
 
With every prototype evaluation, new dashboard structures were created and 
new metrics were added and removed. These new dashboard structures were 
based on the users’ preferences on the number of dashboards in the 
application and what information should be displayed together. Grouping 
metrics to the dashboards was done following the same methodology as 
described above.  

5.3.2 Laying out the dashboards 

After creating visualizations for all metrics/pair of metrics, these 
visualizations were inserted in the corresponding dashboard following the 
structure described in Section 4.3.1. Each dashboard was provided with filters 
in order to display the right data at the right times for the user as suggested in 
Section 4.3.3. These filters could change the period, the enterprises and the 
hosting operators for which data is displayed in the dashboard. Three 
“selection boxes”, shown in Figure 17, were also added. These selection boxes 
illustrate how many enterprises and hosting operators that are selected and 
show the latest of the selected months. The reason for displaying the 
selections in this way was partly to clarify the selections made but also to 
illustrate the total number of hosting operators and enterprises. The reason to 
show the latest of selected months was that many visualizations objects has 
absolute values and if a table for example illustrates the enterprises with the 
greatest revenue over one month, knowing the referred month is crucial for 
understanding the context of the table. The choice of having selection boxes is 
therefore also motivated by the guideline in Section 4.2 stating that connected 
values should be presented in close vicinity.  
 

 
Figure 17 : Selection Boxes for num ber of hosting operators and enterprises 

along with the latest m onth of current data set selections. 

 
The placement of the visualizations in each dashboard were based on the fact 
that most users read from left to right, top to bottom (Rasmussen, Chen, 
Bansal, 2009). Alongside this, the order of importance for metrics of each 
dashboard was also considered, which had been discussed during the initial 
interview with the end users at Ericsson. Furthermore, possible user questions 
were anticipated by organizing the visualizations in a way that would not only 
answer those, but also create new questions as suggested in Section 4.3.2. This 
was done by placing more general visualizations that were easier to grasp in 
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the top left corner followed by similar, more detailed information to the right 
and complementary information below. An example of this is the dashboard 
for SIM-card distribution shown in Figure 18. In the top left corner the 
number of active SIM-cards is displayed followed by the progress for active 
SIM-cards over one, three and six months. The same goes for the total number 
of SIM-cards. To complement this information a chart of the number of active 
and total SIM-cards is illustrated along with visualizations showing the 
distribution of active SIM-cards over hosting operator and enterprise. 
Questions that could arise from these visualizations are “how does the active 
SIM-card progress look for the enterprise with the largest amount of active 
SIM-cards?” or “how are the active SIM-cards distributed over the largest 
hosting operator’s enterprises?” The entire applications’ dashboards are found 
in Appendix A and figures 27-31. 
 

 
Figure 18: SIM overview dashboard from  Prototy pe 1. 

 
The end users’ preferences and what they wanted to learn from the 
dashboards became clearer with every prototype evaluation, both for us and 
the users. These insights made it easier to lay out the dashboards, since the 
methodology for doing so was very much based on the users’ requirements. 
The prototypes after the first one followed the same guidelines regarding 
workflow and readability. 

5.4 Adding Customizability 

Supporting customizability for Qlik Sense applications can be divided into 
working with master items and the approach of setting up the data layer. 
Section 5.4.1 describes how the master items were structured and Section 
5.4.2 describes the structure of the data layer. 

5.4.1 Creating the Master Items 

Our initial approach was to create master items only in the form of measures 
and dimensions. The reason for this being that all possible visualizations 
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could be created by the right types of dimensions and measures. Ignoring the 
visualization master item however turned out impractical as the measures for 
some visualization cases required unique scripting and could therefore only 
have extremely few use cases.  Also, structuring these “single-use” measures 
would have been very hard to make intuitive for an end user due to their 
specific use cases. The visualization master item was therefore instead put to 
full use by creating master items for not only all visualizations displayed in the 
dashboards but also visualizations for related data. For example, the KPI-
object displaying the number of active SIM-cards, visible in Figure 18, was 
added as a visualization master item along with the corresponding KPI-objects 
for the other SIM-card states, even though these were not displayed in the 
application. This approach was also used for the dimension and measure 
master items, adding more items than was used in the existing application to 
address flexibility and customizability. 
 

 
 

Figure 19: Exam ples of the nam es of m aster item  m easures. 

 
Qlik Sense does not support any custom hierarchies within the master item 
lists other than the three categories: dimensions, measures and visualizations. 
This makes naming and tagging the only practical way to structure the master 
items. In this project work, a hierarchical naming convention with keywords 
for each master item was used. The naming for measures, dimensions and 
visualizations differed some as these categories had different requirements for 
achieving user-friendliness. Each measure master item’s name started with a 
keyword for its main category followed by possible subcategories and the 
measure of that master item. The main categories for master items measures 
were SIM, Revenue, EP (Enterprise), HOP (Hosting Operator), Data and SMS. 
The subcategories aimed to display the subgroup within these main categories 
and could for example be “Active” or “Total” when used after the SIM keyword 
to distinguish active of total SIM-cards. A few examples of how measure 
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master items are named are illustrated in Figure 19. Dimensions were named 
only by main category as these ended up being quite few while not measuring 
anything. 
 

 
 

Figure 20: Visualization m aster item s nam ing convention . 

 

 
Figure 21: Master item  visualization nam ed "Data Growth Over EP". 

 
Naming the visualization master items was quite different from dimensions 
and measures. The visualizations often included more than two measures 
which made self-explaining naming difficult to achieve. For visualizations 
with up to two measures, strict conventions were however followed. The rules 
for these visualizations were that each measure should be stated with a 
keyword in the name, possibly along with a “&” and the next measure. The 
dimensions for the visualization were only to be mentioned in the name if the 
dimension was not time. The reason for this was that time was the dimension 
in the majority of the visualizations and that the end users understood and 
supported this concept, as explicitly writing out the time dimension in each 
name would create longer, less intuitive names. Figure 20 illustrates the 
described concept. 
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For visualizations with more than two measures strict rules for naming turned 
out hard, since many of these visualizations were unique in their structure. 
Most of these visualizations were tables, often with more than one dimension 
as well. The naming of these visualizations aimed to point out the most 
important measures and in some cases to summarize what was displayed. For 
example the visualization “Data growth over EP”, illustrated in Figure 21, 
measures number of active SIM-cards, data usage for the latest month along 
with the change in data usage over one, three and twelve months. The active 
SIM-cards measurement was here excluded from the name since the measures 
for data are the most relevant ones. The data measures were summarized to 
“Data Growth” in the name as specifying each measure would make for a very 
long name. 
 
As each visualization master item has a small icon illustrating the type of 
visualization (e.g. bar chart, line chart, table) the type of visualization is not 
necessary to include in the name. However, since the application ended up 
having many KPI-objects it seemed reasonable to group these in the 
visualization master items list. This was done because the usage of the KPI-
object is very specific, as only absolute measures can be displayed, and for a 
user only wanting to explore what visualizations are available KPI-object 
master items every here and there in the list could be a distraction. The 
keyword “KPI” was therefore added in front of every single KPI-object master 
item, and the keyword “KPI-box” in front of every text and image object 
containing key performance indicators. Since the visualization list is 
alphabetically ordered in Qlik Sense, this grouped all master items of KPI-
objects in the list. The same was done for the filters saved as visualizations, 
here using the “Filter” keyword. 

5.4.2 Data layer  

In order to let others continue the development of the Qlik Sense application, 
import data from other sources and allow changing of parameters and values, 
the data layer needs an intuitive structure. In the application developed in this 
thesis, the data layer was divided into four different pages all accessible from 
the “Data import” menu in Qlik Sense. These four pages were “Main”, 
“Variables”, “Color Thresholds” and “Load Script”. The “Main” page was 
automatically created by Qlik Sense where default variables for language, time 
format, day names and such are defined. Here, nothing was changed since 
these standard formats all served their purpose. The “Variables” page 
contained custom made time variables as well as unit variables for the project. 
The custom time variables used set analysis in the front-end script (see 
Section 2.3.2.2) as to allow for the reuse of code. For example, when wanting 
to calculate the sum of the number of active SIM-cards for the latest of the 
selected months one would write: 
 
SUM({<start_date = {“=MAX(start_date)”}>} ActiveSIM) 
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Here the phrase “max(start_date)” identifies the latest month in the set. As 
this was something that was to be done many times, a variable for this was 
added to the “Variables” page: 
 
LET vDateLatest = '=MAX(start_date)'; 

 
The following line of code in the front-end script then produced the same 
result: 
 
SUM({<start_date = {“$(vDateLatest)“}>} ActiveSIM) 

 
Similarly “unit variables” was created to achieve reusability of the code. One 
example of a unit variable was the total number of SIM-cards. This number 
was calculated by adding SIM-cards of all the various states together. To 
calculate the average number of total SIM-cards one would for instance write: 
 
AVG(ActiveSIM + PausedSIM + PBRSIM + UndefinedSIM + DeactiveSIM) 

 
While with the variable: 
 
Let vTotalSIM =  'ActiveSIM + PausedSIM + PBRSIM + UndefinedSIM + 

DeactiveSIM'; 

 
It would simply be written: 
 
AVG($(vTotalSIM)) 

 

 
Figure 22: T hreshold variables for the visualization nam ed "Data Growth Over 

EP". 

 
Using unit and time variables this way allows not only for easier scripting, but 
also simplifies the process of using the application with data from modified 
sources. If one SIM state was to be added in the data for example, only the 
“vTotalSIM” variable had to be modified in the data layer instead of all the 
scripts addressing the total SIM-cards. 
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Many visualization objects have color in them displaying positive trends in 
green and negative trends in red. These visualizations usually had threshold 
values for when the color should be displayed. The table “Data growth over 
enterprise” illustrated in Figure 21 for example has for the one month data 
growth measure (1m in the figure) the threshold value of 500, after which the 
background color is displayed green. The page “Color Thresholds” contains 
these values in order for the user to easily see and change these if needed. In 
this page the variables are structured by a comment on the master item 
visualizations name followed by a number of threshold variables. Figure 22 
illustrates an example of this for the visualization “Data growth over EP”. 
 
In order to automate the loading of data as to meet the goal “automate the 
load of Ericsson data into the application”, listed in Section 1.4 the code below 
was used in the load script. 
 
[EricssonData]:    // Table Name 

Load      // Beginning of load definition 

 [start_date],  // First field 

     {…}    // More fields 

 [OnboardedCompany] // Last field 

From [lib://Resurser/*.xlsx]; // Source 
 
The above code was automatically filled into the load script as the initial data 
file was drag-and-dropped into the application, as described in Section 2.3.2.1, 
with the exception of the (above changed) source string shown in the last line. 
This source string was at first automatically set with the name of the file 
instead of the *-character. By changing this file name into the wild-card 
character ‘*’ the load would now automatically load all .xlsx-files located in the 
folder connected to “lib://Resurser/” when executed. This allows for the end 
users to simply place their upcoming data files into a specific folder and by 
doing so update all their Business Intelligence Dashboards in a (semi-) 
automatic fashion.  
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6 Prototype Evaluation 

This chapter illustrates each prototype and describes the feedback received 
from the user evaluations. Each section describes how the corresponding 
prototype was presented and tested along with the feedback that was received. 
Section 6.1 described the evaluation of Prototype 1, Section 6.2 the evaluation 
of Prototype 2 and Section 6.3 the evaluation of Prototype 3. 

6.1 Prototype 1 

The first prototype was presented to the end users by first walking them 
through each element in every dashboard, describing the purpose of all 
visualizations. How the filters should be used in the application was also 
presented as the end users had little experience using Qlik Sense. The 
workflow of the application was exemplified by illustrating the process of 
finding and answering business questions. For example the question “which 
enterprise has the biggest amount of active SIM-cards right now?” was asked, 
which is a question that that would be answered by the bar chart “Active SIM 
by Enterprise” shown in Figure 23. To follow up this question, the question 
“how has this number progressed over six months?” was also asked which 
would be answered by clicking the biggest bar in the bar chart as to filter out 
that enterprise and then looking at the KPI-object displaying active SIM-card 
growth over six months on the same dashboard. Each dashboard was 
presented in this manner and made pauses as to allow for the end users to 
contemplate the solutions and ask questions before moving on to the next 
dashboard. For all dashboards of Prototype 1 in larger scale, see Appendix A 
and figures 26-30. 
 

 
Figure 23. T he first dashboard of Prototy pe 1: SIM distribution. 

 
The feedback received on the first prototype was that the end users thought 
that there was too much white space on the dashboards. They both wanted the 
information to be denser with many absolute measures, as to display as much 
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data as possible within each dashboard. Instead of having the five dashboards 
that was presented, they would prefer two or three at a maximum. To achieve 
a denser view of information, the end users suggested that more key 
performance indicators and tables could be used at the expense of smaller 
visualizations. A few visualizations could also be erased completely as they did 
not provide useful information such as the accumulated values for data and 
SMS. New metrics and how these could be illustrated were also discussed. One 
being the average revenue per active SIM-card divided in four groups and how 
the distribution among these groups progresses over time. The groups were 0, 
0-15, 15-45 and <45 Swedish crowns per active SIM-card and the visualization 
proposed by us was a line chart to illustrate the progress over time, but the 
end users rather wanted to see this in the form of a table. 
 
Regarding the workflow, the end users wanted the dashboards to follow up 
what was illustrated in the graphs and KPI-objects with visualizations that 
could answer questions on an enterprise level. For example questions like “we 
see a slight decrease in the number of active SIM-cards in April, what 
enterprises are causing this dip?” or “The average revenue per active SIM-card 
peaked last month, what enterprises caused this peak?” This was a crucial 
insight as it gave a concrete thought process behind the workflow and 
ultimately a firm grasp of how the dashboards should be laid out. 

6.2 Prototype 2 

From the feedback on Prototype 1, according adjustments had been made by 
creating only three dashboards instead of five. These dashboards had more 
key performance indicators and tables and the visualizations had been made 
smaller. In order to fit more key performance indicators onto the dashboards, 
the approach of adding and grouping them in Text and image objects, as 
described in Section 5.2, was used. The responsive design of Qlik Sense, 
described in Section 2.3.3, would clutter the visuals of these objects by the 
insertion of scroll bars on screen resolutions lower than 1920x1080. The 
decision was made to keep these visualization objects anyway as to show them 
to the end users during the prototype evaluation meeting. 
 
Furthermore, the dashboards were structured to anticipate user questions of 
the form “we see a change, what enterprises are causing this?” In Figure 24 for 
example, a Text and image object with key performance indicators along with 
a line chart is placed on the upper left hand side illustrating the progress of 
number of active SIM-cards which is followed up by a table showing this 
growth by enterprise. This was done in a similar manner for revenue, average 
revenue per active SIM-card and the enterprise count. The second prototype 
was presented in a similar manner as the first, where each dashboard was 
displayed while the thought process behind how these were structured was 
described. Each dashboard was here presented on a screen with the resolution 
1920x1080 along with another screen with the resolution 1366x768 to 
highlight the problem with the added scrollbars on the KPI-boxes. For all 
dashboards of Prototype 2 in larger scale, see Appendix A and figures 31-33. 
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The feedback received from the end users was that they thought the new, 
denser structure of information was better than the one of Prototype 1. They 
also thought that the dashboards met their requirements regarding the 
workflow in the sense of being able to answer questions regarding what 
enterprises are causing what impact on the data. Regarding the resolution 
problems, they thought that the application should be optimized for the screen 
resolution 1920x1080 and problems for other resolutions simply ignored 
because of an easier development process more oriented towards getting the 
context of the application right before going into details. 
 

 
Figure 24: T he first dashboard of Prototy pe 2: DCP Ericsson Revenue & SIM. 

 
The end users requested some new visualizations to be added as to cover the 
progress of data and SMS and what enterprises caused this progress. During 
this feedback, the structure of the dashboards was discussed and a decision 
was made to change it into one dashboard for “Overview” and one dashboard 
for each area of interest. These areas of interest were “SIM-cards”, “SMS & 
Data”, “Revenues” and “Enterprises & Hosting Operators”. Regarding some 
visualizations the users gave specific input. Tables that showed category items’ 
growth in absolute measures should also, as a rule of thumb, show this 
number in percent in order to illustrate their internal growth. They also 
wanted the table illustrating how the average revenue per unit was distributed 
over time to be converted to a volume chart as they thought this would make 
for a more intuitive display. 

6.3 Prototype 3 

The third and final prototype was given a new dashboard structure in 
accordance with the feedback from Prototype 2. One dashboard was for 
overview, one for SIM-cards, one for data and SMS, one for revenues and one 
for enterprises along with hosting operators. Some visualization changes were 
also made in accordance to the feedback received from the evaluation of 
Prototype 2. During the third evaluation the application was presented in the 
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same manner as with prototypes 1 and 2. User tests were also conducted 
where the end users would test the application on their own to explore the 
customizability aspects described in Section 4.4. The feedback from the users 
was gathered a few days after the demonstration. All dashboards of Prototype 
3 are displayed in figures 34-38 in Appendix A. 
 
The feedback on how the dashboards were laid out was positive and all end 
users agreed that the dashboards were structured in an intuitive way that 
answered the most relevant business related questions. The only change 
proposed here was that the “Revenue & ARPU” dashboard could be divided 
into one for revenue and one for average revenue per active SIM-card. The 
visualizations also received positive feedback with only a few remarks. These 
were that the SIM-card state Policy Based Routing should be replaced with the 
total number of SIM-cards in the “SIM” dashboard and that some elements 
should appear in a changed order. 
 
The customizability aspect of the prototype was appreciated by the users as 
they described it as intuitive. They had used the search function in order to 
find visualizations and measures successfully when creating custom 
dashboards. The feedback received regarding this was that more measures 
covering more situations could be added. They also wanted more alternative 
measures to be added to the existing visualizations as they wanted to be able 
to customize the application without having to add or edit visualizations. The 
threshold values for colors in the tables were also appreciated by the users. 
They however thought that this concept could be expanded further by adding 
variables for the actual color codes. 
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7 Guidelines for Qlik Sense 

In this chapter recommended approaches for creating a customizable and 
intuitive Qlik Sense application are presented in the form of guidelines. These 
guidelines are described below and discussed in Section 7.1. 
 
Use alternative dimensions 
Oftentimes the data in a Qlik Sense application will be hierarchical in some 
way. When working with sales data for examples, the sales can be grouped by 
customer, region, product or some other category. A visualization object in the 
application, e.g. a pie chart, may then illustrate the distribution of sales within 
this category. When selecting a certain category item, the visualization will 
update to show only the selected category item. This is illustrated in Figure 25 
where the same pie chart is shown twice, once as no selection is made and 
once as a selection has filtered out all countries but Sweden. 
 

 
Figure 25: Pie charts illustrating the distribution of sales by  country . No 

selections are m ade in the chart to the left while Sweden is selected in the chart  
to the right. 

 
When this is the case there are two major options. The first one is to just 
ignore the fact that the pie chart becomes useless when a selection has been 
made among its group. This approach is not recommended by us since it 
makes for wasted pixels in the dashboard and also contradicts that the user 
should see relevant data at all times, which is stated as important by 
Rasmussen, Chen and Bansal (2012). Our recommendation is instead the use 
of alternative dimensions based on the selection. An alternative dimension in 
the case of displaying the distribution of sales by product group could for 
example be country which becomes the dimension if only one product group is 
selected. The syntax for achieving this would be: 
 
if(count(total distinct [Product Group])=1, Country, [Product Group]) 
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Consider the end users’ screen resolutions 
As Qlik Sense achieves responsiveness by removing components from 
visualization objects when displayed on smaller screens, it is important to 
know the end users’ screen resolutions. These components could be rows in a 
table, legends, and titles and in some cases measure elements, such as the 
secondary measure of a KPI-object. In many cases, end users will have 
different screen resolutions which cause tradeoffs in the designing of 
dashboards. A dense placement of visualization objects on a screen with the 
resolution 1920x1080 could make crucial components of these visualization 
objects invisible on a 1280x1024 screen. Designing for the end user with the 
lowest screen resolution is something that should not be practiced as screens 
and projectors used to illustrate the data during presentations could have 
other resolutions and new end users could be added later on. Also, this will 
make for a lot of white space with higher screen resolution which could be 
dissatisfactory for some end users. Instead, the resolution problem should be 
illustrated to the end users and discussions be conducted on what metrics are 
most important and must be visible on smaller screen resolutions as well. 
 
Structure the master items 
To achieve customizability for the end user and for easier development master 
items should be used. Our recommendation is to create master items for all 
dimensions, measures and visualizations that are or could come to be reused 
in the application. In order to structure these in an intuitive way, suitable 
naming conventions should be used. These conventions will depend on the 
application and its data, but a hierarchical approach, such as the one 
described in Section 5.4.1, should however be suitable in most cases. 
 
Create a solid data layer 
For continued development, customizability and reduced complexity, a solid 
data layer should be created. Each parameter that sees reuse in the front end 
script should be considered being defined in the data layer. Also parameters 
that don’t see reuse, such as the color thresholds described in Section 5.5, 
should also be considered to be added to the data layer if this would make the 
application easier to expand or customize. Here one should follow common 
programming conventions regarding comments and self-explanatory variable 
names. 
 
Follow Qlik Sense’s conventions for visualizations 
In Qlik Sense, almost anything can be visualized from the data. Some 
visualization objects can be created in just a few seconds while some could 
take several hours to create, due to complex scripting. For example, displaying 
the distribution among the different SIM-card states would be very simple in a 
bar chart with one measure per SIM-card state. Displaying the same 
information using a pie chart would on the other hand be very complex  since 
the pie chart only allows for one dimension and one measure type which 
would have to be worked around using scripts. As a rule of thumb, the easiest 
path to solving the problem should be considered first as it will make the 
deploying of the application faster due to the lesser amount of time having to 
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be put on scripting. It will also make the application easier to expand and 
customize for end users due to the lesser amount of complex scripts. 
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8 Discussion 

This chapter discusses the entire thesis work, highlighting what we, the 
authors of this thesis, believe to be the most important parts. Section 8.1 
discusses the result and addresses each guideline from the result separately. 
Section 8.2 discusses the whole project work. 

8.1 Guidelines 

The guidelines presented in Chapter 7 aims to complete existing guidelines for 
Self Service Business Intelligence design by specifying what should be taken 
into consideration when using the front end tool Qlik Sense. As the guidelines 
presented are only based on this thesis’ project work, there is room for 
improvements. The number of guidelines could probably be expanded and 
some guidelines specified for other use cases. We however believe that our 
guidelines meet the purpose of this thesis as our result cover the fundamentals 
of the development of a Qlik Sense application, which the general guidelines 
from Chapter 4 does not cover. The following paragraphs discuss each and 
every guideline presented in Chapter 7. 
 
Alternative dimensions 
Using conditional dimensions will only reduce the problem of visualizations 
becoming useless when certain selections are made, not remove it. As the user 
would selects her way down the hierarchical data, sooner or later every chart 
displaying distribution of some sort would display values of 100% or 0% and 
could therefore be considered useless. We however believe that displaying this 
state along with displaying the relevant data at the relevant times encourages 
the users to explore the data and to find answers to relevant business 
questions. 
 
Screen resolutions 
Designing dashboards for different screen resolutions can be a challenging 
task, especially when the end users want dense dashboards containing a lot of 
information. Besides the approach suggested in Section 7, different 
applications for different devices are something that could be considered. This 
would however create more maintenance work as new dashboards and 
visualizations would have to be added in multiple places instead of one. 
Another workaround is through the use of web extensions which are not 
inside the scope of this thesis and therefore not discussed further. 
 
Data layer 
How a solid data layer should be designed depends greatly on the data and the 
end users. We however believe that the general approach of moving as much 
as possible from the front end script into variables should be taken, leaving 
the specifics of this to the developer.  
 
Master items 
Using well thought out naming conventions for master items is another 
general approach which we believe should be considered. In future versions of 
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Qlik Sense, we might see a system were directories holding the master items 
can be created which would decrease the importance of naming conventions. 
We however believe that naming should always be practised with care as the 
title of the master item should be self-explanatory. 
 
Following Qlik Sense conventions 
Following the conventions by Qlik Sense regarding what visualization object  
should display what information might sound easy but it can sometimes be a 
challenge. During the project work we found it tempting to just take the end-
users word for what visualizations should contain what and ignore what had 
good support in Qlik Sense. Creating visualizations in such a way not only 
takes more time, but can also cause visual problems. For example, using the 
Text and image object to display absolute measures instead of using KPI 
objects could on smaller resolutions make a scrollbar appear inside the Text 
and image object, cluttering the view. 

8.2 Project work 

The goal of this project was to create a Self-service Business Intelligence 
application that fulfilled the goals stated in Section 1.4. As data is 
automatically loaded into the application and the required metrics are 
visualized, the functional requirements are met. The source or the format of 
the data could however change which would require for the data load script to 
be modified. The same goes for the required metrics. As we have seen with 
every prototype evaluation from Chapter 6, metrics are continuously added 
and visualizations continuously changed. Even if these numbers of new 
requests and found improvements should be decreasing with every prototype, 
we believe that small changes will be added every so often since the nature of 
Business Intelligence applications is that users continuously find new areas of 
interest by exploring data in the application. 
 
The non-functional requirement that the application should be customizable 
for a non-developer is therefore crucial. We tried to accomplish this mainly by 
the use of master items and variables which according to the users was an 
intuitive approach. The user tests for this was however very dependent on the 
user, as we trusted that they would test the fundamental concepts without our 
guidance. We believe that this way of testing the application was appropriate 
as our presentation before the testing showed the end users what was possible 
to do in the application along with what we thought they should test. We 
however also believe that the user tests should have started with Prototype 2 
instead of Prototype 3 as to give the users more testing time and by that more 
accurate feedback on the customizability  aspect. 
 
The remaining non-functional requirements all seem more or less met based 
on the final feedback from the end users. They felt the application was easy to 
use while it anticipated their business questions and encouraged them to 
conduct data discoveries. Regarding the ease of use, we believe that much 
comes naturally with the Qlik Sense tool as its user interface is simple and 
clean by only displaying the necessary functionalities. The anticipation of user 



50 
 
 
 
 

questions in the dashboards was a product of following the existing guidelines 
on workflow from Section 4.3.2 and readability from Section 4.3.3 along with 
discussions regarding the metrics and the layout with the users. Encouraging 
the users to conduct data discoveries is also something that Qlik Sense 
supports the users in by its interactivity. We mainly supported this 
functionality by adding filter objects in each dashboard and adding 
conditional dimensions to a few visualization objects. 
 
The iterative methodology used in this project was overall suitable for the 
development of a Qlik Sense application. Creating prototypes and evaluating 
these within relatively short time spans gave quick feedback on what needed 
to be changed. This also resulted in a good understanding of what preferences 
the users had, along with what business questions that should be answered 
through the use of the application. The time span from prototyping to 
evaluation could however have been even shorter, especially in the first 
iterations. Here we ended up doing the unnecessary work of laying out 
dashboards in a way that was not meeting the end users’ wants and needs, 
which partly could have been avoided by discussing our ideas with the end 
users at an earlier stage. 
 
The design of the first prototype’s dashboards differed greatly from the static 
dashboard provided by Ericsson as we tried to follow the existing guidelines 
from Section 4.3 as strictly as possible. The result of our interpretation of the 
existing guidelines on readability turned out not to be what the end users had 
expected, as they wanted more dense dashboards with many absolute 
measures in opposite to the airy dashboards we had created. Here we believe 
we should have analyzed further why the initial static dashboard was as dense 
with information as it was in the first place. As stated in Section 4.4.3, 
operational workers typically prefer dense displays of data with a lot of detail 
where each dashboard could contain as much text as charts (Eckerson, 2011). 
This was something that we did not consider while designing the first 
prototype, which if it had been could have gotten us on the right track earlier. 
Also, to make the transition between Microsoft Excel and Qlik Sense 
smoother, we believe that a good idea would have been to make the first 
prototype more similar to the static dashboard as many people tend to like 
what they recognize. 
 
Finally, the existing guidelines found proved to show good practices over all, 
although some were unspecific and therefor difficult to directly apply to the 
Qlik Sense application. The guidelines regarding customizability, as described 
in Section 4.4, are all good examples of this. For instance, the guideline “the 
application should promote learnability to make it accessible for infrequent 
usage” could be interpreted in many ways, all depending on the end users 
preferences and the characteristics of the system. We therefore believe that 
reports interpreting these guidelines in specific software, such as the report 
you are reading right now, are a great source of information when designing a 
similar application. 
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9 Conclusions 

During our project work, Qlik Sense has proved to be a tool that encourages 
data discovery and interactivity. The guidelines produced by in this thesis 
merely illustrate how Qlik Sense should be used to reach its full potential for 
the end user. 
 
The Self-service Business Intelligence application developed in this thesis met 
the end users initial requirements, but with every new prototype new 
requirements were added. We believe this to be the nature of Business 
Intelligence systems, as users continuously find new areas of interest by 
exploring data in the application. We therefore conclude that customizability 
for the end users is a crucial part of a successful Self-service Business 
Intelligence application. 
 
The existing guidelines of Self-service Business Intelligence design proved to 
be useful during our project work, especially in the sense of workflow and  
readability of the dashboards. There was however some gaps which could only 
be filled with software specific guidelines, like how customizability could be 
achieved in the application. We believe that the guidelines produced by us 
filled these gaps for the software Qlik Sense, at least for projects similar to the 
one described in this thesis. 
 
For future work, our guidelines could be specified further for different use 
cases and more guidelines could be produced. This could be achieved by 
applying our guidelines on other projects that use Qlik Sense as a front end 
tool when designing a Self-service Business Intelligence application. Also the 
aspect of scalability should be considered when expanding the guidelines as 
this factor could be a crucial part of larger scale projects. 
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Appendix A 

In this appendix all dashboards of all presented prototypes are shown in 
larger scale images.  
 
Prototype 1: Pages 2 to 6 and figures 26-30. 
 
Prototype 2: Pages 7 to 9 and figures 31-33. 
 
Prototype 3: Pages 10 to 14 and figures 34-38. 
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Figure 26. T he first dashboard of Prototy pe 1: SIM distribution. 
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Figure 27 . T he second dashboard of Prototy pe 1: SIM state distribution and 

progress. 
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Figure 28. T he third dashboard of Prototy pe 1: SIM data. 
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Figure 29. T he fourth dashboard of Prototy pe 1: Enterprise watch. 
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Figure 30. T he fifth and last dashboard of Prototy pe 1: Ericsson Revenue. 
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Figure 31. T he first dashboard of Prototy pe 2: DCP Ericsson Revenue & SIM. 
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Figure 32. T he second dashboard of Prototy pe 2: DCP Ericsson ARPU & Data. 
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Figure 33. T he third and last dashboard of Prototy pe 2: DCP Ericsson SIM 

Distribution. 
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Figure 34. T he first dashboard of Prototy pe 3: Overview. 
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Figure 35. T he second dashboard of Prototy pe 3: SIM. 
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Figure 36: T he third dashboard of Prototy pe 3: SMS & Data. 
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Figure 37 . T he fourth dashboard of Prototy pe 3: Revenues. 
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Figure 38. T he fifth and last dashboard of Prototy pe 3: Enterprise & HOP.
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