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Management Summary  

In this era of digitization, information is power. The ever-changing society and economy requires for 

an organization to be flexible and responsive to its surroundings. The increasing complexity and 

competiveness in the market makes it important for all kinds of organizations to know where it stands. 

When an organization does not keep up with the developments of its environment, it is easily passed 

by its competitors. This makes it essential in the current economy to be in possession of the right 

information; to be able to control and send an organization into the right direction.  

Since introducing the use of computers, organizations have ownership of big amounts of data. The 

demand for information has caused for developments in information systems that have made it 

possible to analyze this data. Managers want to make use of this data to gain insights in their 

organization and to support them in making different kinds of decisions.  

 

The European Association for Urology (EAU) is an international professional association that wants 

to make use of analytical information or ‘business intelligence’. This non-profit organization consists 

of an administrative and a professional practicing organization section, that both want to make use of 

data analyses to support their management decisions. The current information system of the EAU 

does not provide a possibility to offer effective and efficient data analysis. To support the EAU in its 

decision-making ability, an analytical information system architecture was provided for the 

organization. Besides this, this study contributed to knowledge about the analytical needs of 

professional associations, which could be used for implementing business intelligence within these 

organizations.  

 

The problem solving cycle of Van Aken, Berends, & Van der Bij (2012) was used to structure this 

research. To structure the analytic information system architecture design for the EAU, the three-

dimensional cube of Grefen (2016) was used.  

 

The first step of the information system architecture design process was to analyze the stakeholders’ 

system requirements. To obtain the informational, functional and non-functional requirements, a 

complete requirement engineering process was executed. A requirement engineering method 

specifically for analytical systems was chosen. The method of choice was the one of Winter & 

Strauch (2003). This method consists of four phases, namely; the initialization phase, the ‘as is’ 

analysis, the ‘to be’ analysis and the modeling phase.  

 

During the initialization phase, the initial stakeholders of the project were identified. During the ‘as is’ 

analysis the current data analysis process and information supply of the stakeholders was analyzed by 

looking at the EAU data sources and used statistical reports. During the ‘to be’ analysis phase, the 

information need of the stakeholders was analyzed by executing semi-structured interviews. Inclusion 

criteria for the requirements were determined beforehand, which resulted in the exclusion of several 

departments. This led to a renewed scope of stakeholders, which included the membership 

department, the European School of Urology, the Congress Consultants department, sales department, 

international relations department, scientific affairs department, scientific congress committee and the 

education office. Requirements were prioritized within this new scope and documented by making use 

of goal models, use case scenarios and by describing them in text.  

 

Based on the interviews, it was concluded that the analytical needs of the EAU are of a descriptive 

nature and on the tactical level. The end user application needs to have a data analysis, visualization 

and reporting function. Important system qualities should be data accuracy and the correct timeliness 

of data. Informational requirements are related to session and course popularity, event registrations, 

membership developments, membership finances, registration finances and abstracts. Based on the 

stakeholders’ requirements, a dashboard application with an underlying data warehouse structure was 

recommended as the analytical system solution for the EAU. By proposing a mockup of the data 

access application to one stakeholder group, the choice for a dashboard was validated.   



3 

 

The analytical information system architecture for the EAU was designed during the modeling phase. 

Two data warehouse design methods were found, which were both offered as architecture design 

alternatives for the EAU. The first data warehouse architecture was designed according to Kimball, 

Reeves, Ross, & Thornthwaite (1998). This design makes use of business process-oriented data marts 

that contain dimensional data structures with a shared bus pattern. The data warehouse design 

according to Inmon (2005) makes use of an entity relationship model and a shared database for the 

data structure of the data warehouse. For the EAU, it is recommended to implement the system  

according to the first data warehouse design. Furthermore, recommendations were made on how the 

system should be embedded into the organization, to have the highest opportunity for successful 

business intelligence by providing the necessary roles, tasks and skills necessary for the system 

implementation.    

 

In the last phase of this project, the analytical system architecture was used as a base for a reference 

architecture for professional associations in general. The system architecture for the EAU was used as 

a case study for the architecture design for other similar organizations. First, it was verified that the 

EAU architecture was qualified to serve as a reference architecture. Second, the EAU architecture was 

generalized and extended by interviewing two other professional associations. The data warehouse 

architecture according to Kimball et al., (1998) is used for the reference design as well. The 

professional associations did have similar analytical requirements to the EAU, which implied that the 

same data model as designed for the EAU could be used. The informational requirements of the other 

professional associations implied that a data mining application was added to the reference 

architecture.   
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1. Introduction  

This thesis is written as part of the Operations Management & Logistics master at the Eindhoven 

University of Technology. The project takes place at the IT department of the administrative 

headquarters of the European Association of Urology (EAU) in Arnhem. This chapter describes the 

background of the problem of interest. The problem description (section 1.1), the research problem 

(section 1.2), the research goals and questions (section 1.3), the research framework (section 1.4) and 

the relevance of the project (section 1.5) are discussed in this chapter.    

1.1. Problem description 

The European Association of Urology is a non-profit professional association that unifies and 

represents practitioners of urology. A professional association has several functions for individual 

practitioners and for the profession itself. Support, protection and motivation is offered and standards 

for personnel, education, research and practice are set by an association for professionals (Merton, 

1958). The EAU is the leading authority within Europe on urological practice, research and education. 

Its aim is to raise the level of urological care throughout all European member states and beyond. The 

EAU has over 18.000 members from over 130 countries worldwide.  

 

The organization has several core activities in which they are providing support for urologists. 

Members can develop their career with the help of educational activities like courses, surgical training 

and international exchanges that are organized by the EAU. The organization publishes its own 

scientific journals. Another main focus of the association is the organization of scientific events and 

congresses for urology professionals. The biggest event that is organized is the annual congress, 

which takes place in a different European city each year. Furthermore, the EAU develops clinical 

practice guidelines with medical evidence that aims to assist healthcare professionals and patients in 

making the right decisions. Lastly, the organization represents its members on a political level and 

plays a coordinating role in all European urological activities.       

 

The EAU consists of practicing urological professionals to fulfill content related matters and 

administrative employees to perform the necessary organizational tasks. The organization is led by the 

Executive Board, which consists of the Executive Committee and the chairs of the EAU Offices. The 

members of the Executive Board set the direction of the organization; with their experiences in the 

field these urologists identify important themes and interesting developments. The Executive 

Committee implements the strategy and governs the daily administration with support of the 

administrative headquarters. The EAU Offices are set up by the Executive Committee to execute 

different projects. The European Urological Foundation and the Congress Consultants departments at 

the administrative headquarters are responsible for the practicalities: organizing events, courses, 

international exchanges etc. An organization chart for the board and offices, as well as the 

administrative headquarters can be found in Appendix I.   

 

The EAU uses a fully integrated association and event management system called Oxygen, which has 

been developed internally by the EAU. In addition to the various modules available to organize an 

event (like a registration module, abstract handling, scientific program, logistics, exhibition, 

accreditation and sales module) customer relationship management, membership, education and 

evaluation modules are integrated to support the employees. Oxygen is also integrated with several 

other applications like the website of the EAU, the events app and other external suppliers. A portal 

called MyEAU together with various online applications, are part of Oxygen. Here members, 

participants, speakers and other users can register, submit abstracts, accept invitations or pay a 

membership fee. Via the backend admin application the employees are supported in all their activities, 

e.g. for inviting speakers, handling a registration, renewing the membership subscriptions. The 

administrative employees in Arnhem rely on all information stored in the Oxygen database. The EAU 

received the International & European Association Award for 'Best Use of Technology in Events' for 

Oxygen at the Associations World Congress in April 2019.  
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The EAU employees of both the administrative and professional side are in need of analytical 

information. Data analyses can be used to help managers with decision support. Hence, the EAU 

employees want to make use of business intelligence. According to Azvine, Cui, Nauck, & Majeed 

(2006) business intelligence “ is all about capturing, accessing, understanding, analyzing, and 

converting one of the fundamental and most precious assets of the company, represented by the raw 

data, into active information in order to improve business”.  

 

Oxygen does not offer automated data analysis; however it offers the possibility of filtering and 

exporting data from the system. Currently, this option is used for analyzing data, where data of 

interest can be selected and downloaded for the purpose of analyzing it in applications like Excel.  

Hence, if an Oxygen-user wants to obtain a certain data analysis, he/she has to know which data to 

select, how to combine data to obtain the desired analysis, how to extract the necessary data from the 

information system and how to analyze the data in Excel. Know-how of one or multiple of these steps 

is lacking for several EAU employees. A consequence of this is that employees who do know how to 

execute these steps are requested to perform multiple analyses for their colleagues. However, these 

employees each apply their own method of analyzing data (e.g. they include different data for 

answering the same question), which leads to different analyses and different results for the same 

question. These employees have expressed that they are occupied with the process of obtaining 

analytics at least two hours a week. Hence, currently, the way of obtaining analytical support is very 

time-consuming and is often based on (repetitive) ad-hoc questions.       

1.2. Research problem  

Based on the problem description, the following aspects of the problem can be summarized: 

 Several EAU employees do not possess the know-how of how to use data to extract the 

information that is desired.   

 Several EAU employees do not possess the know-how of which data needs to be extracted to 

obtain certain analytics.  

 Employees that do possess the know-how of data and how to use it, each have their own 

method of collecting and analyzing data, which leads to different analysis results.  

 The current way of collecting analytical information is laborious and time consuming.  

 Once data is exported for analysis, it is outdated.   

 Data analysis is based on ad-hoc questions.  

 

This leads to the following problem statement: 

 

“The current way of providing analytical information within the EAU is not efficient nor 

effective” 

 

An overview of the research problem can be found in the cause-and-effect model in Figure 1.  

 
Figure 1: Cause-and-effect model visualizing the problem of the EAU (Ishikawa, 1963) 
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1.3. Research goals and research question 

During the last decades, the use of information systems has increased tremendously everywhere. 

Modern information systems have evolved into increasingly complex systems that are able to provide 

multiple functions. Not only the systems itself are complex, the connections between information 

systems have become more complex as well. Because organizations depend on these information 

systems and they are constantly expanding, it is important to provide insight into the structure of these 

systems (Grefen, 2016), which can be achieved by creating information system architectures. This 

project has two overall goals: 

1. The first goal is to design the architecture of an information system that provides the EAU 

with its needed analytical information efficiently and effectively. An effective system would 

provide consistent and correct answers for the stakeholders’ queries. An efficient system 

would not require employees to repeatedly calculate answers for every query and would 

therefore be less laborious and time-consuming.  

2. The second goal of this project is to generalize the architecture designed for the EAU in order 

for it to be applicable in other professional associations. Hence, the EAU is used as a case 

study to develop a reference architecture for similar organizations.  

 

Based on the research goals, the main research question is defined as follows:  

 

“What should an effective and efficient analytical information system for the EAU look like?” 

 

An information system architecture is able to provide structure in two ways; by providing the 

structure of the system itself (product structure) or by providing the structure of the way of making an 

information system (process structure) (Grefen, 2016). The architecture that is created during this 

project has a product structure. The architecture has to tackle the research problem presented in Figure 

1. However, it is not intended to improve the employees’ data analysis method or know-how, but to 

design a system that eliminates these causes of the problem. The three-dimensional design cube of 

Grefen (2016) was used to structure the architecture design, which is explained in chapter 2 and 3.  

1.4. Research framework 

The research framework that is used for this project is the framework of Van Aken et al. (2012). An 

overview of this framework can be found in Figure 2. The framework is based on five phases. In the 

first phase the research problem is defined. A research method is applied to investigate the problem 

during the analysis & diagnosis phase. During the solution design phase, a solution for the problem is 

offered with its associated change plan. During the implementation of solution phase, the proposed 

change is implemented. The evaluation phase is used to learn what has been achieved and what needs 

to be improved.   

 
Figure 2: Research framework of Van Aken et al. (2012) 
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To answer the main research question it is convenient to break it down into several sub-questions. 

These research sub-questions correspond to the research goals and the phases of the problem solving 

cycle of Van Aken et al. The sub-questions are discussed below:  

 

Sub-question 1: Who are the stakeholders of the project? 

The first research question provides inside into the stakeholders of the project. This is a necessary step 

in order to provide a complete overview of the systems’ requirements.  

 

Sub-question 2: What are the system requirements of the EAU? 

For this question, the stakeholders’ system requirements are collected and analyzed. A complete, 

unambiguous overview of the EAU’s analytical need is provided.  

 

Sub-question 3: What should an analytical information providing system look like, for the EAU? 

The answer to this question is a design of the desired analytical system, based on the stakeholders’ 

requirements.  

 
Sub-question 4: Is the system in alignment with the stakeholder requirements? 

To answer this question, the system that is designed for question 3 is tested. Stakeholders need to 

validate whether the designed system meets their requirements.  

 

Sub-question 5: Is the designed system generalizable as a reference architecture for other professional 

associations?  

5a: Can the system be viewed as a reference architecture? 

5b: Is the system applicable in similar organizations?  

Sub-question of 5a and 5b are related to the second goal of this project. First, literature is used to 

determine whether the designed system can be viewed as a reference architecture. Second, two similar 

organizations are used to validate whether the system is useful in other professional associations.  

 

How the sub-questions relate to the research goals and problem solving cycle of Van Aken et al. 

(2012) is presented in Table 1. The problem definition phase of Van Aken et al. is presented in this 

first chapter and thus is missing in the table.  

 
Table 1: Research sub-questions related to research goals and problem solving cycle 

Research sub-question Research goal Problem solving cycle (Van Aken et 

al., 2012) 

1: Who are the stakeholders of the 

project? 

1 Analysis & diagnosis 

2: What are the system 

requirements of the EAU? 

1 Analysis & diagnosis 

3: What should an analytical system 

for the EAU look like? 

1 Solution design 

4: Is the system in alignment with 

the business objectives? 

1 Implementation of solution & evaluation 

5a: Can the system be viewed as a 

reference architecture? 

2 Evaluation 

5b: Is the system applicable in 

similar organizations?  

2 Evaluation 
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1.5. Relevance  

Almost all professions have its own association. Typically, professional associations are non-profit 

organizations with a certain complex structure. They consist of numerous committees formed by 

voluntary practicing professionals and by a ‘business’ part, which runs the daily organization 

(Friedman & Phillips, 2004). These associations are involved in the development and organization of 

educational activities, conferences, seminars and other activities that can help professionals to engage, 

involve and identify with their profession (Agarwal & Islam, 2016; Fisher, 1997). Professionals join 

an association to enhance their network, take advantage of career and job resources that are provided 

and broaden their knowledge by making use of the research literature that they can access through the 

association (Agarwal & Islam, 2016; Haddow, 2011). These organizations do not only help individual 

professionals, but also contribute to society. They help with the development of professionalism in 

society and applying knowledge in practice. The associations also represent and protect professionals 

and can act as a change catalyst (CFAR, 2008; Mata & Latham, 2010; Merton, 1958).  

 

As described above, professional associations can play an important role in the development of its 

professionals and its profession. However, professional associations are struggling: membership 

engagement is declining, members do not extent their subscription and members claim that their 

association does not give enough value for their membership (Agarwal & Islam, 2016; Friedman & 

Phillips, 2004; Newgass, 2010; Wilson, 1997).  

 

These organizations are operating in a context of uncertainty and constant change, which can be hard 

to manage (Friedman & Phillips, 2004). Authors argue that applying information technologies could 

help to achieve being a sustainable organization. Drenkard (2015) proposes that professional 

associations should invest in new technologies like information technologies and Whitney & Gale 

(2015) argue that these kinds of organizations should gain a better understanding information 

technologies development. According to Agarwal & Islam (2016) and Bots & Bruijn (2002) 

knowledge management is one of the information technologies that may help professional 

associations to stay relevant. Authors argue that business intelligence technologies are viewed as the 

basis for knowledge management (Herschel & Jones, 2005). According to Drenkard (2015) and 

Wilson (1997) state that professional associations should clearly identify their membership base and 

respond directly to their needs, which could be achieved by applying business intelligence as well. 

Hence, it becomes evident that professional associations could benefit more from information 

technologies, however these kinds of technologies are not very developed and understood yet.  

 

As mentioned, this project provides a reference architecture for an analytical system for professional 

associations, which has not yet been covered by literature. Besides adding a reference architecture, it 

is expected that this thesis will add knowledge about the analytical needs of a professional 

association. This could help professional association management gain more insight and direction into 

applying business intelligence, specifically for their kind of organization. Developing analytical 

information technologies in a professional association could lay a basis for successful business 

intelligence, improved decision-making and knowledge management. 

1.6. Structure of the report  

The report is structured as followed. In chapter 2, the theoretical background for this project is 

provided. Chapter 3 describes the methodology of the project in detail. In chapter 4, the results of the 

EAU case study are discussed and the analytical system is designed for the EAU. Chapter 5 is 

dedicated to the second goal of this project; it is determined whether the designed system meets the 

criteria of a reference architecture and whether the architecture can be applied to similar 

organizations. Lastly, in chapter 6 a discussion of the project takes place, conclusions are drawn and 

recommendations and limitations are discussed.  
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2. Theoretical background 

This chapter provides the necessary theoretical background for this project. In part 2.1, the topic of 

management decision-making and how this relates to analytical information systems is described. 

This is preliminary information for discussing the literature review (Krutzer, 2019a) that was executed 

prior to this thesis, in part 2.2. The focus of this literature study was the design of analytical systems 

for tactical and strategic decision support. Most used and best practices were examined of the data 

structuring, requirements engineering and data visualization steps of the system design process. In 

part 2.3, the success factors of business intelligence are discussed. In part 2.4, the design cube for 

information system architectures is discussed. This design cube describes the different dimensions of 

information system architecture design, and is used throughout the project to give structure to the 

information system design process.  

2.1. Decision-making and analytical systems 

There are three kinds of analytics that can be supported by analytical systems, namely; descriptive, 

predictive and prescriptive analytics. Most organizations start with descriptive analytics. Descriptive 

analytics summarize historical data into meaningful reports and charts. By providing descriptive 

analytics, the “what happened?” question is answered. Predictive analytics answer the “what could 

happen?” question. The past is analyzed to try to predict the future, by discovering relationships in the 

data and prolonging these relations in time. Prescriptive analytics answer the “what should we do?” 

question. These analytics identify the best alternatives to achieve a desired goal by using optimization 

techniques (Evans & Lindner, 2012; Watson IoT, 2017).  

 

The need for information and insights within an organization is different for the operational, tactical 

and strategical organizational level, which influences the kind of system or application that is needed. 

Different management decisions have to be made at these different levels (Frankel, 2008). 

Management decisions on different organization levels vary in focus, time span and decision 

structure. The structure of a decision varies from unstructured to structured. Structured decisions are 

repetitive and routine decisions (Shim et al., 2002). According to Mintzberg, Raisinghani, & Théorêt 

(2018) “unstructured refers to decision processes that have not been encountered in quite the same 

form and for which no predetermined and explicit set of ordered responses exists in the organization”. 

Hence, unstructured problems are more difficult to solve than structured problems.  

 

The different characteristics of the decision levels have an effect on the nature of the information and 

the information frequency that is needed to help make these decisions. Operational decisions are on 

the lowest decision levels of an organization. These are structured decisions about day-to-day 

business and real-time issues. On the tactical level, decisions have a short- to medium-term focus and 

are semi-structured. These decisions are about managing the drivers of objectives and targets in order 

to meet them. The highest level decisions are medium- to long-term, with a focus on the goals, 

objectives, purpose and direction of an organization. These strategic decisions set the general 

approach of an organization and are mostly unstructured (Frankel, 2008; Pourshahid, Johari, Richards, 

Amyot, & Akhigbe, 2014; Santos, Oliveira e Sá, & Andrade, 2016). Table 2 shows an overview of the 

characteristics of the decision levels that are discussed.   

 

The kind of information and the information frequency that is required determines which kind of 

information system and data models are best to provide this information. On the operational 

management level, usually online transaction processing (OLTP) supported systems are used, which 

are meant to provide fast up-to-date data and query processing. These systems rely on operational 

databases and relational data models. On the tactical and strategical level, online analytical processing 

(OLAP) supported systems are usually adopted which allow more complex queries.  
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The OLAP database consists of historical data stored in relational or multi-dimensional data models 

(Santos et al., 2016). Operational databases are designed to support OLTP workloads, which would 

result in a limited performance when trying to execute complex OLAP queries (S. Chaudhuri, 1998). 

This is why other data models and implementations are used for OLAP, as discussed in part 2.2.      

 
Table 2: Management decision-making characteristics, based on Pourshahid et al. (2014) and the 

common data framework of Santos et al. (2016) 

Organizational 

level 

Focus Decision 

structure 

Time span Information 

frequency 

Operational  Operational 

control 

Structured Day-to-day Real-time 

Tactical Management 

control 

Semi-structured Short- to medium-

term 

Historical: 

weekly, monthly 

Strategic Strategic planning Unstructured Medium to long-

term 

Historical: 

quarterly, yearly   

2.2. Summary literature review 

Prior to this thesis a structured literature review was conducted that focused on different parts of the 

design of analytical information systems for tactical and strategic management purposes. Three parts 

of the design process were examined, which were data structuring, requirements engineering and data 

visualization. It was expected that within the EAU, the need for tactical and strategic decision support 

existed and the considered design parts were expected necessary and valuable during the thesis 

project. The information from the literature review relevant for this project is discussed below.  

2.2.1. Data structuring 

The standard architecture to support OLAP technologies is called a data warehouse. This structure is 

used to turn operational data into management information. It starts with extracting, transforming and 

loading operational or external data into a central data warehouse. The structured data can then be 

used for data access applications like data mining, data analysis or visual reporting, coming from the 

data warehouse or via data marts. More explanation about these applications is provided in Appendix 

II. To make sense of the data saved in the data warehouse, metadata is collected for every part of the 

warehouse. Based on the needs of the user, data access applications are implemented. (Chaudhuri, 

1998; Paim & de Castro, 2003). The data warehouse architecture is depicted in Figure 3.   

 

 
Figure 3: Data warehouse architecture based on Chaudhuri (1998) 

To achieve fast and flexible queries, data is usually modeled in a multidimensional way. Concepts that 

are important in multidimensional modeling are measures, facts, dimensions, attributes and 

hierarchies. To illustrate these concepts, a so called data or OLAP cube is presented in Figure 4. Data 

that represents business activities are called facts.  
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The values and units of a fact are called measures (see the values in the cubes in Figure 4) are 

uniquely determined by combining the dimensions together. Dimensions provide the context or 

perspectives of a fact that determine the data detail level (or granularity). Each dimension is described 

by a set of attributes. By aggregating the attributes alongside a dimension, a hierarchy can be created 

(S. Chaudhuri, 1998; Silva & de Castro, 2003).  

 

A data cube makes it possible to execute the following operations (Goil, 1997):   

 Pivoting/rotating: rotating the cube to change the dimensional view.  

 Slicing-dicing: selecting a subset of the cube to analyze.  

 Roll-up: aggregating along different levels of the hierarchies from a higher to lower level.  

 Drill-down: aggregating along different levels of the hierarchies from a lower to higher level.  

 Trend analysis: analyzing data over sequential time periods.  

 

 
Figure 4: Example of a data cube (Paim & de Castro, 2003) 

Golfarelli & Riui (1999) propose a conceptual multidimensional model, called the dimensional fact 

model. An example of such a model is presented in Figure 5. This model also illustrates facts, 

dimensions, hierarchies and attributes. In this model the fact is presented in the middle square, which 

represents SALE in this example. The relevant measures for the fact SALE are quantity sold, revenue 

and number of customers. The dimensions are represented by the circles that are directly connected to 

the fact square. The remaining circles represent the attributes of the dimensions. The closer to the fact 

square, the higher the granularity. The ‘subtrees’ of the dimensions represent the dimensional 

hierarchies. Non-dimension attributes are represented by lines and contain additional information 

about an attribute, which cannot be aggregated. Since the number of customers cannot be aggregable 

along the product dimension, this is represented by the dotted line (hence, this is an optional 

dimension). 

 
Figure 5: Example of a dimensional fact scheme (Golfarelli & Riui, 1999) 
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The technical implementation of facts and dimensions is usually modeled by making use of a star or 

snowflake scheme (Chaudhuri, 1998; Goil & Choudhary, 1999; Paim & de Castro, 2003). An 

example of such a scheme is shown in Figure 6 and 7. The fact table is in the middle, surrounded by 

the necessary dimensions.  

 

 
Figure 6: Star scheme (Chaudhuri, 1998)    Figure 7: Snowflake schema (Chaudhuri, 1998)  

2.2.2. Data visualization 

Data visualization can be used to support management decision-making. There are four dimensions 

discussed that affect the expressive quality of visualizing information for decision support: the 

representation, organization, content and interaction dimension (Adnan, Daud, & Noor, 2008).  

In the literature review, data visualization guidelines for management are described according to these 

four dimensions. The guidelines for the representation dimension will be discussed below.  

Jarvenpaa & Dickson (1988) propose guidelines about when it is beneficial to use graphs or tables, the 

graphic formats and some cautions for users. They suggest that tables should be used instead of 

graphs when the goal of the end user is to read individual data values. Reading values can be done 

more precisely when the actual numbers are shown, instead of reading it from a line of bar chart. 

Graphs should be used when the goal is to summarize data, discover trends and compare data points 

and patterns. An overview of the guidelines on graphic formats and goals is presented in Table 3.  

 
Table 3: Graph format guidelines (Jarvenpaa & Dickson, 1988) 

Goal Format 

Summarizing data Preferably line graphs, otherwise bar charts 

Showing trends  Grouped line graphs or grouped bar charts 

Comparing points and 

patterns 

Parts of a whole: grouped bar charts  

Comparing variables:  

- Individual data points: single line graph or single bar chart 

- Multiple data points: horizontal bar charts  

Comparing patterns: grouped line graphs or grouped bar charts 

Reading individual data 

values 

Preferably tables 

When using graphs data values should be on top of bar charts 

2.2.3. Requirement engineering 

A system developer should build the data models and the system according to specific requirements 

obtained from a requirements engineering (RE) process among the stakeholders. According to Stroh, 

Winter, & Wortmann (2011) requirement engineering is “the sum of all activities which determine the 

requirements of an information system (component) document them, and keep them up to date”. 

Adequate requirements engineering is very important for information system development (Frendi & 

Salinesi, 2003; García, Romero, & Raventós, 2016; Stroh et al., 2011). According to Pohl (2010a), 

requirements engineering depends on the context of the system and consists of several activities, 

which are elicitation, negotiation and documentation.  
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Requirements are documented using requirement artifacts, which are specific kinds of documents. 

During the requirement engineering activities, constant validation and management is necessary 

(García et al., 2016). According to several authors (García et al., 2016; Salinesi & Gam, 2009), 

requirements engineering for analytical systems should be different from that for operational systems. 

This follows from the fact that the two kinds of systems have several different characteristics, which 

results in different system structures.  

 

Generally, RE methods for analytical systems are divided into three kinds of approaches; demand-

driven, supply-driven or mixed-driven approaches. Demand-driven approaches are methods that are 

about determining end-user requirements. Supply-driven approaches build a system based on the 

analysis of data produced by transactional source systems. Mixed-driven approaches mix the 

aforementioned methods: a requirements analysis of the stakeholders is executed, data sources are 

studied and lastly the stakeholders’ requirements and the data source possibilities are combined to 

conclude which model fits best (García et al., 2016). 

 

The requirements engineering framework of Pohl (2010) was used and extended to map the steps of 

the design process of an analytical information system. As can be seen in Figure 8, the extended 

framework consists of the system context and the activities elicitation, negotiation, documentation, 

data modeling and data visualization. Data processing (turning data into information) is added as a 

necessary activity to design the analytical system. The outcomes of the activities lead to requirement 

artifacts and data models. The guidelines that should be followed when visualizing data effectively for 

management purposes are presented. This framework is used as guidance throughout project, as 

described in chapter 3.    

 
Figure 8: Conceptual framework for the development of an analytical system for tactical and strategical 

management support (Krutzer, 2019a) 
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2.3. Business intelligence success factors and maturity levels 

Organizations that have implemented business intelligence successfully have shown increased 

decision making performance, access to more and better information and the improvement of business 

processes. Implemented business intelligence can save time for data suppliers and end users because 

data is delivered more efficiently (Hawking & Sellitto, 2010; Qushem, Abobakar, & Zeki, 2017; 

Watson & Wixom, 2007). However, many organizations fail to realize the expected benefits of 

business intelligence: over 70% of business intelligence projects fail (Qushem et al., 2017; Villamarin 

Garcia & Diaz Pinzon, 2017). The goal to better understand an organization’s information by 

implementing business intelligence is not always reached (Hawking & Sellitto, 2010; Hribar, 2010).  

 

Several authors have investigated the success factors of business intelligence implementation and 

adoption. An overview of mostly mentioned success factors with a short explanation is listed below: 

 Management support. Multiple authors claim that top management should showcase high 

project commitment, since leadership figures have an important influence on an organization. 

Top management should believe in business intelligence and provide the organization with a 

clear vision and strategy.  

 Business user-oriented change management. By using adequate change management, users 

should be involved and engaged, which should reduce implementation resistance as much as 

possible.  

 Project management. The business intelligence project should have a project leader with the 

right technical, functional and communicational skills. Furthermore, the project should have 

adequate scoping and planning.  

 Adequate resources. This includes the right human resources with the skills to develop and 

maintain the information system, as well as economic resources.   

 Learning and skills. Users should have the necessary tools, training and support. They should 

be provided with the data access tools that fit their needs.  

 Information and technology. The architecture, software and tools should fit the end users’ 

needs. Furthermore, the quality and reliability of data is mentioned as an important success 

factor (Hawking & Sellitto, 2010; Olszak, 2016; Villamarin Garcia & Diaz Pinzon, 2017; 

Watson & Wixom, 2007; Yeoh & Koronios, 2009).  

As can be concluded from this list, solely providing the end users with the technical solutions is not 

enough for a business intelligence solution to be successfully implemented. Several organizational 

factors affect the success of business intelligence as well.  

 

However, several authors claim that the extent to which these factors are determinative for the success 

of a system, is dependent on the business maturity level the organization is in (Hribar, 2010; Olszak, 

2016; Qushem et al., 2017). Business intelligence maturity levels are used to describe and explain the 

growth life cycle of business intelligence systems. To achieve better business value in the business 

intelligence area, the maturity level of the business intelligence technologies within the company must 

match the maturity level of the organization itself as much as possible (Hribar, 2010). This means that 

although an organization makes use of developed information systems and technologies, this will not 

benefit the organization unless the organization itself adjusts to this maturity level as well.  

 

At a low business intelligence maturity level, an organization typically makes use of spreadsheets; 

usage of reporting tools is limited. Data analytics are only produced for individuals or for individual 

departments. Companies have not defined metrics and do not understand the importance of business 

intelligence. Management does not trust data quality and data consistency.  

 

At higher business intelligence maturity levels, business intelligence success and benefits are reached. 

Data access applications are being implemented and information is available for all employees. 

However, achieving a higher business intelligence maturity level requires more from an organization.: 

e.g. metrics need to be developed, data quality becomes more important, top management needs to get 

more involved and change management needs to happen (Hribar, 2010; Olszak, 2016; Qushem et al., 
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2017). Hence, the success factors as mentioned above begin to become more relevant when higher 

business intelligence maturity levels want to be achieved. Once an organization has gained business 

intelligence experience and addressed these critical factors, they may become less relevant (Hawking 

& Sellitto, 2010).  

2.4. The architecture design cube 

The final result of this project is a reference architecture of an analytical system for professional 

associations. To bring structure into the design of an information system architecture, the framework 

of Grefen (2016) is used. According to Grefen (2016), there are four dimensions from where one can 

look at an information system architecture: the aspect dimension, the aggregation dimension, the 

abstraction dimension and the realization dimension. 

2.4.1. Aspects 

The aspect dimension is about the different aspects from where an architecture can be viewed. For this 

dimension, the modernized framework of Truijens (Grefen, 2016) is used, which can be found in 

Table 4. This framework describes five different aspects, which all focus on specific characteristics of 

an architecture that can be expressed using specific models.  

 
Table 4: The aspect dimension of an architecture according to Truijens’ framework  

Aspect Description 

Data  The data aspect describes the organization of data in the analytical information 

system, by providing data models.   

Process The process aspect describes the organization of the business processes in 

business process models.    

Software The software aspect describes the organization of the software by providing its 

modules and connections between the modules.  

Platform The platform aspect describes the organization of the software and hardware 

underlying the analytical information system.   

Organization  The organization aspect describes how the analytical information system is 

embedded into the organization for its design, implementation and maintenance.  

2.4.2. Aggregation 

The aggregation dimension is about the level of detail regarding the number of components defined in 

the system architecture. The highest aggregation level shows a global architecture (e.g. an architecture 

on the market level) and a lower aggregation level shows a more detailed architecture (e.g. an 

architecture on the information system module level). Hence, by going from the highest to the lowest 

aggregation level, the components become more decomposed. The number of aggregations levels 

depends on the type of architecture of interest. Table 5 shows an example of a set of aggregation 

levels, from a global level to a more detailed level. In this case, level 0 shows the system as only one 

component, indicated by a black box. Moving from level 0 downwards results in an increasing 

decomposition of the number of system components, until the aggregation level reaches the functional 

elements of the system.  

 
Table 5: The aggregation dimension: examples of aggregation levels 

Aggregation 

level 

Description 

0 Black-box  

1 The black-box is decomposed into the main system modules 

2 The main system modules are decomposed into sub-modules 

3 The sub-modules are decomposed into functional elements  
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2.4.3. Abstraction 

The abstraction dimension is about how general or detailed the software components are defined. The 

level of abstraction can be expressed varying from concrete to abstract terms. Abstract descriptions of 

software components means that no concrete choices have been made (e.g. an architecture that 

describes class type components), whereas a concrete architecture regarding the abstraction dimension 

describes specific software choices that have been made (e.g.. an architecture that describes vendor 

type components). Table 6 shows examples of abstraction levels.  

2.4.4. Realization 

The realization dimension has several levels that describes the architecture goals and means. An 

architecture could be more business- or technology-oriented. To describe this dimension the BOAT 

framework is used, as given in Table 7. This dimension is mostly described with text.  

 
Table 6: The abstract dimension: examples of abstraction levels  

Abstraction 

level 

Description 

Class type 

components 

The functionality of components is described in general software system class 

terms 

System type 

components 

The components are described in general software system type terms 

Vendor type 

components 

Vendor-specific terms of specific system series are used for describing the 

components  

Vendor version 

components  

Vendor-specific terms of specific system series versions are used for describing 

the components 

 
Table 7: The realization dimension of an architecture according to the BOAT framework 

Realization 

dimension 

Description 

Business This level describes the business goals of an information system. 

Organization This level describes how organizations are structured to achieve the goals defined 

at the business level. Organization structures and business processes are of 

interest. 

Architecture This level describes how the software architecture supports the organizations 

defined at the organization level.  

Technology This level describes how the architecture that is described at the architecture level 

is realized, technology-wise.  

2.3.5. The design cube  

Combining all of the dimensions leads to a four-dimensional design space. Since a design space with 

four dimensions is hard to visualize, a three dimensional design cube is used by leaving one 

dimension implicit. This cube is used to navigate through the design space of an information system. 

The design cube is presented in Figure 9. As can be concluded from the figure, the aspect dimension 

is left implicit. Each cell of the cube represents a part of the system architecture with a certain 

abstraction, aggregation, realization and aspect dimension.  
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Figure 9: Three-dimensional cube with aspect dimension kept implicit (Grefen, 2016) 
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3. Methodology  

In this section, the methodology of the project is discussed. First, it is discussed how the architecture 

design cube according to Grefen (2016) is applied to this project. Second, a requirement engineering 

method is chosen to execute the project according to the phases of Van Aken et al. (2012).   

3.1. Three-dimensional design cube by Grefen  

This section describes how the architecture design cube of Grefen (2016) applies to this research. The 

aspects that are taken into account are described according to the Truijens’ framework (Table 4). The 

considered aggregation and abstraction levels are based on the levels of Table 5 and Table 6 

respectively. The considered levels of the realization dimension are based on the BOAT framework, 

as discussed in Table 7. To visualize the design space in this project, a two dimensional model is used. 

As can be seen in Figure 10, the model represents cross-sections of the cube.  

 

 
Figure 10: Traversing the design cube during the analytical system design for the EAU 

In Figure 10, the cross section is shown for the business, organization and architecture level of the 

BOAT framework. The technical level of the BOAT framework is left out of scope for this project 

due to limited time. In Figure 10, starting from the top left in the business dimension of the BOAT 

framework, the analytical system is viewed as a black box. Here we are at the lowest level of both 

aggregation and abstraction. The requirements for the desired system according to the relevant 

stakeholders are analyzed here and goals for data analyses and the system are determined. Hence, in 

this cell, the organization, data and software aspect of the Truijens framework are of interest.  

 

Traversing to the right of the cube, the organization level of the BOAT framework is reached. In this 

cell, the process aspect is of interest because it is desired to analyze how the current data analysis 

process is executed. Furthermore, it is of interest which kind of data is currently collected and 

analyzed. Hence, the data aspect is of interest as well.   

 

By traversing to the right in the cube again (into the architecture level), the requirements are translated 

into a more concrete and more detailed system. Hence, based on the requirements brought forward, 

the system architecture is designed and the black box is decomposed into more components. It is 

desired to show how the overall system should look and how data is structured within the system 

components. Furthermore, since organizational factors play a big role in the success of a business 

intelligence application (see section 2.3.), it is desired to show how the system should be embedded 

into the organization. This means that the data aspect, software aspect and organization aspect is of 

interest for the architecture dimension.  

 

In the next section, the methods and models used for designing the analytical system from the 

different dimensions described above are discussed.  
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3.2. Requirement engineering method  

To obtain the requirements of the system, an overall requirement engineering method is selected first. 

There are numerous RE methods available. The method that is chosen is the one that meets the 

following criteria best: 

1. The method should be designed specifically for analytical systems, since analytical and 

operational systems differ in goals, functions etc. 

2. It is assumed that a complete RE process consists of the elements of the framework of Pohl 

(2010), as included in Figure 8. These elements are the requirements activities (elicitation, 

negotiation, validation and management), as well as the requirement artifacts (goals, scenarios 

and solution-oriented artifacts). The RE method should contain the elements of the 

framework, or should at least be adjustable to fit into the framework.  

3. As purely data- or requirement-driven approaches have disadvantages, the RE method should 

have a mixed-driven approach. Data-driven and requirement-driven approaches have 

disadvantages. Focusing solely on data might result in useless solutions. Methods that solely 

focus on requirements from the end users can bring impossible solutions (Salinesi & Gam, 

2009). A mixed-driven approach should address these difficulties.  

 

A literature search resulted in methods that were taken into consideration for further analysis. The 

search terms used to find requirement elicitation interview protocols can be found in Appendix III. 

Because of the large number of existing RE methods for information systems, a first selection of 

methods was made during the search. It was decided that the methods taken into consideration are 

methods that at least satisfy criterion 1 and thus are specifically developed for analytical systems. 

These are the following methods: 

- DWARF: an approach for requirements definition and management of data warehouse 

systems (Silva & de Castro, 2003) 

- An approach to engineering the requirements of data warehouses (Prakash & Gosain, 2008) 

- A method for demand-driven information requirements analysis in data warehousing projects 

(Winter & Strauch, 2003) 

- Requirements elicitation for decision support systems: a data quality approach (Vaisman, 

2006) 

- A model-driven goal-oriented requirement engineering approach for data warehouses 

(Mazón, Pardillo, & Trujillo, 2007) 

- GRaND: a goal-oriented approach to requirement analysis in data warehouses (Giorgini, 

Rizzi, & Garzetti, 2005) 

- A requirement driven approach for designing data warehouses (Salinesi & Gam, 2006) 

 

Most methods in this research area are focused on developing a data warehouse. These methods are 

useful to a large extent; however some methods also include executing a data quality check of current 

data sources, which is out of scope for this project. This brings about another criterion for the method 

to be selected:  

4. The method should not be focused on checking data quality or it should be possible to adjust 

the method easily to make sure this is left out without harming the method.  

 

These methods are rated in either good fit (+), medium fit (+-) and bad fit (-) on every criterion. Table 

8 shows the evaluation of the methods. From Table 8 it was concluded that out of the seven selected 

articles the method of Winter & Strauch (2003) meets the criteria best and will be used for this 

research. The steps of the method are discussed below. The sequence of the steps can be found in 

Figure 11.    
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Table 8: Evaluation of general requirement engineering methods  

 Paim & 

de 

Castro 

(2003) 

Prakash 

& 

Gosain, 

(2008)  

Winter 

& 

Strauch 

(2003) 

Vaisman 

(2006)  

Mazón, 

Pardillo, 

& 

Trujillo 

(2007) 

Giorgini, 

Rizzi, & 

Garzetti 

(2005) 

Salinesi 

& Gam 

(2006) 

1. Analytical 

systems 

+ + + + + + + 

2. Pohl’s 

framework 

+ +- +- - - - - 

3. Mixed-driven - - + 
1
  - - + - 

4. No data 

quality 

+- - +- +- +- + + 

 

Phase 1: Initialization.  

Step 1.1: Identify targeted users. During this step, the stakeholders of the project are determined.  

Step 1.2: Identify dominant application type. Depending on the type of users and type of analyses, a 

particular application type and a particular type of reporting might be preferred. The specification of 

the application type can have consequences for the data model design.  

 

Phase 2: ‘As is’ analysis. 

Step 2.1: Analyze actual information supply. During this step, the current supply of information is 

analyzed, by looking at regularly used information reports of the stakeholders. 

Step 2.2: Create aggregate information map. All relevant information subjects that are generalized by 

step 2.1 are presented in an information map (data schema) on an aggregate level.   

Step 2.3: Analyze source information systems. During this step, the relevant data sources are analyzed 

and a sufficient level of data quality should be ensured.  

 

Phase 3: ‘To be’ analysis.  

Step 3.1: Analyze information demand. During this step, information requirements are identified by 

interviewing the stakeholders.  

Step 3.2: Match aggregate information supply and information demand. By comparing the actual 

information supply with the information requirements, unsatisfied information requests are identified.  

Step 3.3: Assign priorities. Based on different aspects (e.g. costs, desired information granularity, data 

quality), some requirements may be preferred to include over others. During this step, there is 

determined which information requirements are able to be satisfied and which are not.   

Step 3.4: Increase level of detail. The aggregation level of the data of the selected requirements is 

defined.  

Step 3.5: Homogenize information requirements. During this step, all concepts should be clearly 

defined; there should be no inconsistencies about the meaning of data throughout the organization.     

Step 3.6: Review priority assignment. The most preferred requirements are re-evaluated again. The 

result of this should be the final requirements.   

                                                           
1
 Although the method states that it has a demand-driven approach, the authors emphasize the fact that the 

method tries to overcome the shortcomings of solely looking at data or solely looking at user requirements. 

Winter & Strauch (2003) state the following about their proposed methodology: “users have to be supported in 

specifying objective information demands, novel information (e.g. information from sources that users might not 

be aware of) has to be included) […]”. Because data should be analyzed and end-users should be questioned, it 

can be stated that they use a mixed-driven approach. This can also be concluded from the fact that phase 2 

(analyzing report and data) as well as phase 3 (analyze end-user requirements) are included, as can be seen in 

part 3.1 of this project.  
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Phase 4: Modeling 

Step 4.1: Create data schema. During this step, the appropriate data models are created. These data 

models should be a foundation for the further development of the data warehouse.  

Step 4.2: Evaluate data schema. The developed data schema is reviewed by the target users, which 

may lead to changes to the final requirements or the data structure. 

 

 
Figure 11: Steps of the method of Winter & Strauch (2003) 

3.2.1. Method adjustments 

In this section the adjustments necessary for the method to fit this project are described. A part of step 

2.3 is about checking the data quality in data sources, which is not included in this project. 

Furthermore, step 1.2 is moved to the third phase. It does not seem logical to determine the dominant 

application type before the information demand is analyzed. This step will be included as a part of the 

information demand analysis (step 3.1). Another step is added to the method, by mapping the current 

data analysis process, as discussed in section 3.1. This step is added to the ‘as is’ analysis phase as 

‘step 2.0 analyze current analysis process’ and will be executed prior to step 2.1.  

 

The modeling phase of the method solely focuses on creating the data aspect as a result of the 

requirements engineering process, while the organization and software aspect are also of interest for 

this project, as discussed in section 3.1. Designing the organization and software aspect is added to 

step 4.1 of the method. Step 4.2 is changed as well. It is not desired to evaluate the complete designed 

data schema with end users, due to time limits and because it is not expected that end users are 

familiar with these techniques and are able to evaluate them. Instead, the correctness of the 

requirements is evaluated, which also touches the data aspect. Furthermore, it is desired to evaluate 

the application type (hence, the software aspect) of the system as well.  

 

Winter and Strauch state that some components in their method are missing and need to be filled in 

(Winter & Strauch, 2003). According to the framework of Pohl (2010), these are specific 

requirements artifacts (goals, scenarios and solution-based artifacts) and specific methods for the 

activities (i.e. elicitation, negotiation and documentation) which are discussed below. 



28 

 

3.3. RE Activities  

This section describes the methods of the requirement engineering activities necessary to fulfil the RE 

process and are lacking in the chosen method of Winter & Strauch (2003). The elicitation activity is 

described first, followed by the negotiation activity and the documentation activity. Methods for these 

activities are chosen based on criteria that are set beforehand. These criteria are discussed for every 

RE activity.  

3.3.1. Elicitation 

During requirement elicitation, the initial requirements are obtained and more understanding about the 

requirements is gained (García et al., 2016). Requirements in software engineering can be functional 

or non-functional. Functional requirements define what functions a system should be able to perform. 

Non-functional requirements are about non-behavioral system needs, like security and response time 

(Paim & de Castro, 2003). For a data analysis environment, the most important requirements are 

about what information should be delivered, which are called informational requirements (Bruckner, 

List, & Schiefer, 2001). Hence, the informational requirements are about the content that the system 

should provide (Stroh et al., 2011).   

According to the method of Winter & Strauch (2003), requirements should be obtained by looking at 

the information demand, as well as looking at their information supply. The methods for the 

information demand analysis and the information supply analysis are described below. Lastly, it is 

discussed which requirements are of interest for this project and will be included for the system 

design.  

3.3.1.1. Information demand analysis  

In step 3.1 of the selected method, it is suggested to use an elicitation method in the form of an 

interview. A literature search was done to find an existing interview protocol. The selected technique 

should meet the following requirements:  

1. The interview should be developed specifically for designing analytical information systems.  

2. The interview should contain questions about functional, non-functional and informational 

requirements.  

3. The interview should embed goal-oriented thinking. In an analytical system context it is 

important to ask why someone would like to have the analytical capabilities to make sure it is 

not just ‘nice’ to have, but it is an actual need (García et al., 2016). Stroh, Winter, & 

Wortmann (2011) claim that goal formulations can help to derive information requirements. 

Modeling goals would be beneficial for requirements completeness, avoiding irrelevant 

requirements and explaining requirements (Lamsweerde, 2002; Setra, Chalal, & Chouder, 

2015).  

 

Most literature found about interviewing for requirement elicitation in the context of analytical 

systems do not mention specific interview questions, except for the interview questions of the book 

‘The Data Warehouse Toolkit’ of Kimball, Reeves, Ross, & Thornthwaite (1998). Since this interview 

is easily adjustable to fulfil all of the requirements described above, it was decided to use this 

interview protocol as a base. The interview protocol is semi-structured and describes a one-on-one 

interview process for the development of a data warehouse. It starts with an introduction, followed by 

the actual interview questions about the responsibilities, goals, objectives, issues and analyses 

requirements of the concerning employees and organization. The description of the interview ends 

with a wrap-up. The protocol consists of information requirement, functional requirement and some 

non-functional requirements questions. Missing non-functional requirement questions are added with 

the help of the identified non-functional requirements for business intelligence systems of Schieder & 

Gluchowski (2011). These non-functional requirements can be found in Appendix IV. The functional, 

non-functional and informational interview questions can be found in Appendix V. Because the 

questionnaire of Kimball et al. (1998) did not fully include the goal-thinking as described by criteria 

3, questions 10 and 13 were adjusted.  
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3.3.1.2. Information supply  

In step 2.1 of the selected method, it was suggested that often-used reports should be analyzed. 

According to Burnay (2016), interviews do not have to be the only source of information for 

elicitation, since stakeholders are not always correct or exhaustive sources of information. Examples 

of alternative sources are financial reports, SWOT matrixes, law-related documents and 

benchmarking documents. During this project, the following information sources will be consulted:  

 Annual reports 

 Questionnaires  

 Statistical reports 
 EAU website  

 Enclosures used at meetings 

 Additional sources that come forward during the elicitation phase 

3.3.1.3. Requirements scope of interest 

Before analyzing the requirements that are brought forward by the stakeholders, it should be 

determined which requirements are of interest for the system. The informational requirements need to 

meet two criteria to be included: 

1. At least one aggregate function should be necessary to perform to obtain the data analysis.  

2. At least two entities should be necessary to obtain the data analysis.      

Functional and non-functional requirements that are included have to be related to analytical systems 

as well. Hence, requirements that have nothing to do with analytical systems are excluded.   

3.3.2. Negotiation  

After the initial requirements are determined, the negotiation activity takes place. The goal of this 

activity is to reach an agreement between all stakeholders on all of the collected requirements. 

Negotiation should be done with respect to contradicting, conflicting or overlapping requirements 

(Stroh et al., 2011). It has to be decided which requirements are included and which requirements are 

included (Winter & Strauch, 2003). Hence, after collecting the initial requirements, the system 

boundaries should be redefined (Verner, Cox, & Niazi, 2009). The requirements should be prioritized 

as part of the negotiation activity as well.  

 

According to Pohl (2010), having multiple stakeholders in a project can easily lead to conflicting 

requirements. These issues need to be identified and solved. Multiple methods are available to solve 

requirement conflicts. The method that is used for this project will be determined once the conflicts 

are identified, since the right method depends on the cause of the conflict.   

 

Prioritization is seen as a critical success factor for executing an efficient RE process (Karlsson, 

Wohlin, & Regnell, 1997). The purpose of prioritization is to assign priorities to the stakeholders’ 

requirements, since requirements are usually of varying importance and it is likely that not all 

requirements can be fulfilled due to limited resources (Karlsson et al., 1997). Therefore, it is useful to 

separate the end users’ actual needs from their wants (García et al., 2016).  

 

Stakeholders can indicate their prioritization based on several different aspects. According to 

Berander & Andrews (2005) an aspect is a “property or attribute of a project and its requirements that 

can be used to prioritize requirements”. Aspects should be determined before prioritization takes 

place, in order for all stakeholders to have the same understanding of where the requirements are 

evaluated on. Priorities should be based on certain evaluation aspects like costs, time of 

implementation, privacy aspects, risk, strategic benefit, importance that stakeholders assign to the 

requirements or data quality aspects (Berander & Andrews, 2005; Winter & Strauch, 2003).  
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For this project, it was chosen to evaluate the priorities based on the importance that stakeholders 

assign to their requirements. The importance for the users is about the strategic importance and the 

urgency of implementation for the company. Assigning priorities based on the stakeholders’ 

importance is the preference of the organization.  

The prioritization method that will be chosen is the one that fits the following criteria best:  

1. Complexity: the prioritization method should be understandable for all stakeholders, which 

means that it should not be too complex.  

2. Time: the prioritization method should be possible within the agreed time frame for all the 

stakeholders.  

3. Comparability: The number of proposed requirements might differ between different 

stakeholders. Nevertheless, the assigned importance of the priorities should be comparable 

between different stakeholders.    

4. Many requirements: The method should be applicable to a large number of requirements.  

5. Updatable: When system requirements are updated (for example during the project 

implementation), priorities should be updated easily as well.  

 

There are several methods that tackle the prioritization problem in RE. However there was no 

requirement prioritization method found in the literature specifically designed for an analytical system 

context. This is why a prioritization method was chosen from general software requirement 

engineering literature. To select a method, often-used methods that are described by Berander & 

Andrews (2005) were evaluated based on their different characteristics. These are the following 

methods: 

 Analytical Hierarchy Process 

 Cumulative Voting 

 Numerical Assignment  

 Ranking 

 Top ten requirements 

 

The methods were rated in either good fit (+), medium fit (+-) and bad fit (-) on every criteria. The 

evaluation of these prioritization methods was based on the evaluation executed by Berander & 

Andrews (2005), Karlsson et al., (1997) and Achimugu, Selamat, Ibrahim, & Naz (2014). The method 

with the best fit was chosen for the prioritization for this project. Table 9 shows the evaluation of the 

methods.  

 
Table 9: Prioritization method selection for the negotiation activity 

 Analytical 

Hierarchy 

Process 

Cumulative 

Voting 

Numerical 

Assignment  

Ranking Top-ten 

requirements  

1. Complexity  +- +- + + + 

2. Time - + +- +- + 

3. Comparability - - + - + 

4. Many 

requirements 

- - + - - 

5. Updatable - - + +- +- 

 

Based on the analysis of Table 9, it was concluded that the best fitting method was numerical 

assignment. Therefore the requirements were prioritized according to numerical assignment. 

Stakeholders were asked to classify their requirements, based on their importance. The following 

three requirement prioritization categories were chosen: the critical, standard and optional (Berander 

& Andrews, 2005).  
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It should be mentioned that functional, informational and non-functional requirement prioritization 

are handled separately. This is recommended by Berander & Andrews (2005) because of the 

differences between the three kinds of requirements. Functional requirements are about specific 

system functions, while non-functional requirements are about system properties. When functional or 

informational requirements are implemented, they can either be accomplished or not, while the 

accomplishment of non-functional requirements often range between good and bad (Berander & 

Andrews, 2005). Furthermore, non-functional requirements contradict each other more often, which 

means that trade-offs have to be made. These differences make it impossible or illogical to compare 

functional and non-functional requirements.  

 

Concluding, as a result of the negotiation activity conflicts, prioritized requirements and clear system 

boundaries should be identified.  

3.3.3. Documentation  

During the elicitation and negotiation activity, all of the collected information must be put into an 

output document (García et al., 2016). The goal of documentation is to have consistent and traceable 

requirements that can be consulted during the entire RE process. Hence, it is useful to document every 

step of the process. This means to not only include the final requirements, but also document all 

interviews and for example considerations and decisions that were made during negotiation. Kimball 

(1998) proposes to make an interview write-up that consists of the ‘background and business 

objectives’, ‘analytic requirements’ of the interviewee. For this project, functional and non-functional 

requirements are added to this write-up. A separate document was created that includes these 

interviews, as well as priorities assigned and other necessary documentation (Krutzer, 2019b).  

3.4. Requirement artifacts  

After the previously described activities, requirements need to be documented in requirement 

artifacts. Requirement artifacts are defined as “a requirement using a specific documentation format” 

(Pohl, 1995). They should be the basis for creating the actual system. Requirement artifacts are 

formulated as goals and by examples that illustrate scenarios of system usage. Solution-oriented 

artifacts are about the technical, functional and behavioral aspects of the system (García et al., 2016).  

3.4.1. Goals  

The goal-thinking that is encompassed in the way stakeholders are questioned, as mentioned in part 

3.3.1.1, is modeled into goal artifacts. According to Pohl (1995) “a goal is an intention with regard to 

the objectives, properties, or use of the system”. A literature search was performed towards models 

specifically for analytical systems. These goal models are all focused on modeling the informational 

requirements, since these are the most interesting requirements of an analytical system. There are goal 

models developed for informational requirements in the analytical system context, which are the 

following:  

- The goal decisional information model (Prakash & Gosain, 2008) 

- Tropos applied to data warehouses (Giorgini et al., 2005) 

- Goal classification (Mazón et al., 2007) 

- i* model to data warehouse (Nasiri, Ahmed, Wrembel, & Zimányi, 2017)  

- Goal/question/metric paradigm (Bonifati, Cattaneo, Ceri, Fuggetta, & Paraboschi, 2001) 

- Agent-goal-decision-information model (Kumar, Gosain, & Singh, 2009) 

The most fitting model is selected after performing the RE activities. 

 

The model that is found to represent the functional requirements for analytical systems, is the function 

requirement tree (Insfran & Pastor, 2014). The model that is found to represent the non-functional 

requirements in an analytical environment, is the non-functional requirement framework by Paim & 

Castro (2002) and Chung (2000).  
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3.4.2. Scenarios 

A scenario shows an example of the system usage (Pohl, 2010). An interaction sequence between the 

system and users is presented, to satisfy a goal. A fitting scenarios model is selected after the RE 

activities are executed. The following models that model scenarios are found in the literature (Atkins, 

2009; García et al., 2016; Paim & de Castro, 2003): 

- Use case. A use case describes the behavior of the system, reacting to a request from outside 

of the system.  

- Sequence diagram. Sequence diagrams show the interaction between objects in a sequential 

order.  

- Process model. A process model maps out a business process.   

3.4.3. Solution-oriented artifacts 

Based on the goals and scenarios, solution-oriented requirements should be developed, which are the 

basis for creating the actual system design. A shared terminology or vocabulary for stakeholders and 

IT employees should be created (García et al., 2016; Paim & de Castro, 2003). There are several 

sources of literature that mention a shared ontology or terminology (Azvine, Cui, Nauck, & Majeed, 

2006; García et al., 2016; Paim & de Castro, 2003), however there are none that offer clear models or 

representations of how this should look. With the lack of clear solution-oriented artifacts it was 

decided to investigate how solution-oriented artifacts are presented in practice. Several system 

requirement specification documents were found that as proposed by universities. These all have in 

common that functional, non-functional and informational requirements are listed and presented in 

text. This is also mentioned by Lee & Bryant (2002), who claim that requirements can be written in 

natural language. Hence, the solution-oriented artifacts of the EAU will be described in text.  

3.5. Validation 

During the RE process, constant validation is necessary; this ongoing activity needs to take place 

throughout the entire RE process. The goal of this activity is to check whether the new system under 

development meets the users’ expectations and to identify possible flaws and defects. Requirements 

should be validated to ensure they are complete, consistent and correct (Nuseibeh & Easterbrook, 

2000). Validation is needed to make sure the requirements fit the new system (García et al., 2016; K. 

Pohl, 2010; Stroh et al., 2011). Incorrect parts can then be changed before the system implementation.  

The requirements engineering phase has three points of validation.  

1. The first point of validation is immediately after the interviews. The interview write-up is 

send to the interviewees and they are asked for conformation on the requirements (Kimball et 

al., 1998).  

2. The second point of validation occurs during the negotiation activity, which is step 3.6 in the 

used method of Winter & Strauch (2003). Here, the remaining requirements are reviewed 

again, together with the stakeholders, after excluding several requirements based on the 

criteria in part 3.3.3.  

3. As can be concluded from Figure 8, developing a prototype is one way of validating the 

designed system. This can be executed with mockups and prototypes. Usually, mockups are 

developed before building a prototype. Mockups show what the user interface should look 

like, whereas prototypes are mostly interactive and show the functionality of the system. Due 

to the limited timeframe of the project, it was decided to only build a mockup (Bäumer & 

Lichter, 1996).  

3.6. Management  

According to Pohl (2010), the management activity is about planning and controlling the RE 

activities, managing the requirements artifacts and observing the system context to keep up with 

changes. The planning and controlling of the RE activities is executed in the research proposal as part 

of this master thesis. The requirements and system management is part of the organization aspect of 

the system architecture, and recommendations for the implementation of the system will be made.  
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3.7. Methodology overview 

An overview of the methodology that is used as described above is presented in Table 10. It relates 

the research sub-questions to the phases of the research framework of Van Aken, Berends, & Van der 

Bij (2012), as discussed in section 1.3. How the sub-questions relate to the framework  developed by 

Krutzer (2019) and the steps of the chosen method of Winter & Strauch (2003) is presented in the 

table as well. The adjusted steps are presented as well, as discussed in section 3.2.1. The specified 

models and methods for the design of the information system are presented in the last column of the 

table.  

 

The dimensions and aspects applied to this project described in section 3.1 are related to the 

methodology presented in Table 10. As mentioned, the business level BOAT framework (the left 

section of Figure 10) relates to the goals of the stakeholders regarding the to-be designed analytical 

system. Hence, all steps of the method that are related to the stakeholders and their requirements are 

relevant to this level, which are step 1.1 and all steps of the ‘to be’ activity (step 3.1 until step 3.6) of 

the method of Winter & Strauch (2003). All of these steps relate to the data and software aspect of the 

Truijens’ framework.  

 

The organization level of the BOAT framework (the middle section of Figure 10) is related to how the 

goals of the stakeholders are achieved. As mentioned, for this project it is of interest to research how 

the data analysis need is currently met in the organization. All steps of the ‘as is’ phase (step 2.0 until 

step 2.3) are relevant for this level. Step 2.0 relates to the organization aspect of the Truijens’ 

framework and step 2.1 until 2.3 relate to the data aspect of the Truijens’ framework.  

 

The architecture level of the BOAT framework (the right section of Figure 10) is related to the actual 

software structure of the analytical system. Hence, the modeling phase (step 4.1 and 4.2) are relevant 

for this realization level. As discussed, the data, software and organization level of the Truijens’ 

framework are relevant here.  
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Table 10: Sub-questions and the research framework, methodology, RE framework and 

necessary specified methods and models 
 

Research question Research 

framework 

(Van Aken et 

al., 2012) 

Conceptual 

framework for 

analytical system 

development 

(Krutzer, 2019) 

RE Method (Winter & 

Strauch, 2003) 

Specified 

method/model 

1: Who are the 

stakeholders of the 

EAU?  

Analysis & 

diagnosis 

System context 1.1 Identify targeted 

users 

Stakeholder 

analysis 

2: What are the 

requirements of the 

EAU? 

Analysis & 

diagnosis 

Elicitation 2.0 Analyze current data 

analysis process 

2.1 Analyze actual 

information supply 

2.2 Create aggregate 

information map 

2.3. Analyze source 

information systems 

3.1 Analyze information 

demand  

3.2 Match aggregate 

information supply with 

information demand 

Interview based 

on the interview 

protocol of 

Kimball et al. 

(1998)  

  Negotiation 

 

3.3 Assign priorities 

  

Numerical 

assignment 

(Berander & 

Andrews, 2005) 

   3.4 Increase level of 

detail 

 

Follows from 

interviews 

   3.5 Homogenize 

information 

requirements 

Conflict solving 

method: t.b.d. 

 Evaluation Validation 3.6 Review priority 

assignment 

Follows from 

interviews 

3: What should an 

analytical system for 

the EAU look like? 

Solution 

design 

Data modeling, 

data processing, 

data visualization 

4.1 Create data schema 

and software and 

organization design 

 

4: Is the system in 

alignment with the 

stakeholders’ 

requirements? 

Implementati

on of solution, 

evaluation 

Validation 4.2 Evaluate 

requirements and 

software design 

Mockup  

5a: Can the system be 

viewed as a standard or 

reference architecture? 

Evaluation     

5b: Is the system 

applicable in similar 

organizations?  

Evaluation   Interview with 

similar 

organizations 

(Kimball et al., 

1998) 
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4. Case study  

This chapter describes the case study performed at the EAU. It is described according to the phases of 

the used method of Winter & Strauch (2003), which are the initialization, ‘as is’ analysis, ‘to be’ 

analysis and modeling phases. During the initialization phase, the stakeholders were determined. 

During the ‘as is’ analysis phase, the current information supply and analysis process was analyzed. 

During the ‘to be’ analysis, the stakeholders’ requirements were determined and analyzed. The results 

of the phases are discussed below.  

4.1. Phase 1: Initialization  

During the initialization phase, the relevant stakeholders of the project were determined as in step 1.1 

of the method of Winter & Strauch (2003). In this phase, we are at the business level of the realization 

dimension.  

4.1.1. Stakeholder analysis  

To obtain the informational, functional and non-functional requirements, interviews were carried out 

among stakeholders. The relevant stakeholders are discussed below. It should be stated that this list is 

the initial stakeholders list. As mentioned in part 3.2.2, the final system boundaries are determined 

during the negotiation activity, which means that stakeholders can be excluded based on the interview 

outcomes. 

 

To get a thorough overview of the needs of an analytical system, employees from different 

organizational levels should be questioned (García et al., 2016; Stroh et al., 2011). An e-mail was sent 

to employees of all organizational levels (i.e. project assistants, project managers and executive 

management) of the administrative headquarters and units of the professional part of the organization, 

with the request to verify whether they had an analytical information demand. Afterwards, the initial 

list of stakeholders was determined, based on consultations with the project’s client.  

 

Two divisions have been made to structure the list of stakeholders. The first division in stakeholders is 

made between the professional and the administrative part of the organization. The professional part 

of the organization consists of practicing urologists who provide the necessary scientific input of the 

organization. The administrative part of the organization consists of administrative and executing 

employees. They manage the organization and execute events. The second division is made based on 

the stakeholders that provide the service and the stakeholders that consume the service. An overview 

of the stakeholders according to the categories that follow from these divisions can be found in Figure 

12. The function of every identified stakeholder (group) is described below.  

 

Service providers:  

 

IT department: The IT department provides the information technology that is required for the 

execution of the organization’s processes.  

- Project Manager: The IT project manager coordinates the activities and is responsible for the 

other IT employees. 

- Project Assistant: The IT project assistant assists the IT project manager in the execution of 

the IT activities.  

 

Technology provider: The technology provider block represents the stakeholders supporting the 

organization with the necessary information technologies for the (to be developed) system.  

- Application platform provider: This stakeholder represents the organization that provides the 

application platform of Oxygen.  

- System administrator: The system administrator is responsible for the administration of the 

network and servers.  
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Figure 12: Stakeholder categorization based on the professional, administrative, service providing and 

service consuming divisions 

Service consumers:  

 

Executive Management: is responsible for the administrative employees and the execution and 

implementation of decisions that are made by the professional part of the organization. Executive 

management consists of the: 

- Operational Affairs Manager: coordinates the activities and processes of the organization.    

- Business Affairs Manager: coordinates financial activities of the organization.  

 

Marketing & Communication Department: organizes the communication activities for the 

association. The department promotes events, meetings, webinars and courses. It also lobbies within 

the EU, for policies concerning urology.  

- Communication manager: coordinates the activities.  

 

Sales / Business Relations Department: interests companies to fund or sponsor the congresses and 

builds relationships with these companies. The people of interest are:  

- Sales Managers: responsible for attaining finances to make the budget for each event.  
- Business Relations Manager: responsible for doing market research, interesting new 

companies and maintaining relationships with companies.    

- Global Business Manager: focused on how to improve the business model of each department 

within the EAU.  
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European School of Urology (ESU): offers education activities in the field of urology.   

- Manager Education Office: coordinates the education and education online organisation.  

- Project Manager Education Office: coordinates the education activities.  

- Project Manager Education Online: creates new e-courses, maintaining current courses, 

finding sponsors and attracting more users.  

- Project Manager Education & Training: organizes all training courses and webinars.  

 

Section offices, European Union Scholarship Program (EUSP) and Young Urologist Office YUO 

Offices (same coordinator): 

- Section Offices: supports the section offices in the activities that the members want to 

organize.    

- EUSP: assigns scholarships to professionals of less developed countries.  

- YUO: supports the office in the activities that the members want to organize.  

 

Membership Office: is the contact point of the organizations’ members. The office keeps track of the 

members, makes becoming a member as easy as possible and tries to obtain new members.  

- Membership coordinator: manages the activities and is responsible for two assistants.   

 

International Relations Office: is set up to offer help to urology professionals in countries outside of 

the EU.  

- International relations coordinator: meets with national societies to see how the EAU can help 

to raise the educational level of these countries’ urologists. 

 

Scientific Affairs Office: set up to enhance the scientific content and program of the events.  
- Scientific Affairs Manager: operates as an additional check of the scientific content and 

liaises between the different levels of the EAU organisation.   

 

Congress Consultants (CC) department: organizes everything meeting-related.  

- Congress manager: responsible for the performance, activities and employees of the 

department.  

Logistics department: organizes all logistic matters for the annual congress.  

- Project manager: coordinates the departments’ activities and manages the project assistants.  

- Project assistants: organize all the logistic activities. Additionally, the assistants organize one 

or more smaller events of the EAU as a whole. 

Scientific department: organizes the program of the annual event.  

- Project manager: coordinates the departments’ activities and is responsible for the project 

assistants.  

- Project assistants: are responsible for the different kinds of sessions at the annual congress. 

Additionally, the assistants organize one or more smaller events of the EAU as a whole.  

Registrations department: handles registrations, cancellations and changes for participants of the 

events. It is the contact point for all participants. 

- Project manager: coordinates these activities and is responsible for two assistants.   

Abstracts department: handles all administrative matters of abstracts that are turned in by urologists, 

with the goal of presenting the abstract at events.   

- Project manager: is responsible for the abstract practicalities of the annual congress.   

- Project assistant: handles all practicalities for the turned in abstracts for all meetings.  

 

Executive Committee members: are responsible, together with the administrative headquarters, for 

the daily administration. The committee sets up offices for projects for education, governance, science 

and communication.  

Scientific Congress Office (SCO) members: provide the scientific input for all meeting-related 

activities. They work together with the CC department to organize these activities.  
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Education Office members: provide the scientific input for all education-related activities. Together 

with the administrative education office, they organize the education activities.  

 

The interviews were carried out according to the interview protocol (Appendix V) with the 

stakeholders of the administrative and professional service consuming category. This initial list is a 

fairly long list of diverse stakeholders. As mentioned above, a renewed scope is made during the 

negotiation activity (see section 4.3.2).  

4.2. Phase 2: ‘As is’ analysis 

In this part the current information supply of the EAU was analyzed by examining the reports and 

current data supply as used by the stakeholders to analyze data. In this phase, we are at the 

organization level and looking into the process and data aspect, as can be seen in Figure 10. First, the 

current data analysis process is discussed. Second, the information supply of Oxygen is discussed. 

Lastly, an information map is created to gain more insight into the data collected at the EAU.  

4.2.1. Data analysis process 

This section describes the current data analysis process of the EAU, which is presented in a swimlane 

diagram in Figure 13. The process is initiated by a committee member or a department manager that 

has identified an information need within their committee or department. The request is send to the 

relevant administrative department employee (i.e. the employee that has data analysis know-how), 

which can be a project assistant or a department manager. This employee determines whether it is 

possible to perform the data analysis to obtain the desired information. This depends on the nature of 

the desired information and the time it will cost to perform the analysis. When the data analysis is 

viewed as not possible, this is communicated to the initiator and the process ends. When it is possible, 

the employee filters and extracts data from Oxygen. He or she performs the data analysis in Excel and 

makes a report of it. Subsequently, the report is send to, and received by the initiator. The process 

ends.    

 

It should be mentioned that this is not the process for all data analyses. For example: there are 

standardized analyses and reports about e.g. registration numbers and financial information of 

scientific events that are sent to committee members to keep them up to date about the state of the 

events. The starting point for these kinds of data analyses is before the ‘filter data in Oxygen’ activity, 

as can be seen in the figure.  

 
Figure 13: Current data analysis process of the EAU in a swimlane diagram (Rummler & Brache, 1990) 

The professional part of the EAU has no access to Oxygen and depends on the administrative part for 

data analyses. This means that the administrative employees are responsible for all of the data 

analyses and have to execute the same process for each request. The process consists of several steps 

that are very time consuming and prone to mistakes, since different people execute the requested data 

analyses manually and use their own methods.  
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It should be stated that this process model gives the impression that this is a structured process; 

however in reality this is not always the case. Sometimes steps are not executed (e.g. the non-

possibility is not always communicated) or the entire process is executed by one person who identifies 

an information need and has the data analysis know-how. The process model is a representation of the 

most common data analysis process.    

4.2.2. Information supply  

In this section, step 2.1 and step 2.3 of the method of Winter & Strauch (2003) is presented. All kinds 

of information are received via several websites connected to Oxygen as well as via different on-site 

applications. People make registrations for events, which results in registration data consisting of e.g. 

type of registration, fee, country etc. The organization website enables people to become an EAU 

member and extend their subscription. The abstract submission and review website enables 

professionals to submit and review abstracts, which are registered in Oxygen. The faculty website 

provides data about faculty members (speakers, chairmen etc.) participating in events. During the 

events, Oxygen receives data via several onsite applications about e.g. badge prints, scans at sessions, 

electronic poster views and registrations at a registration booth. The information in the Oxygen 

database can be managed by office employees via the backend application of Oxygen. A visual 

representation from the data sources of the EAU is presented in Figure 14.  

 

 
Figure 14: Data sources of the Oxygen database  

4.2.3. Information map  

Step 2.2 of the method of Winter & Strauch (2003) is to create an information map. The goal of this 

information map is to present which data is currently used for analysis and how the entities relate to 

each other, by creating a data schema. The real data model of the Oxygen database consists of over 

380 entities and over 4000 relationships, which makes it impossible to present a structured and 

complete schema of this model for this project. The data schema presented in Figure 15 is a simplified 

version of the complete real data model and is based on the analytical information found in regularly 

used reports. The regularly used reports are discussed in the enclosed document (Krutzer, 2019b). 

These are the ‘annual congress report’, the ‘june meeting’ report and the ‘newsflash’ reports.  
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The ‘annual congress’ report is produced internally with certain statistics about the annual congresses. 

The ‘june meeting’ report is a report that is used to inform committees of the professional part of the 

organization about the last annual congress. As mentioned, the ‘newsflash’ reports are produced to 

inform the scientific congress committee about the registration and abstract numbers and the finances 

for an upcoming event.  

 

 

Figure 15: A visualization of a selection of the Oxygen database data model  
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4.2.4. Conclusions from the ‘as is’ analysis phase 

Currently, the EAU owns a lot of different data e.g. about their members, event registrations, finances, 

abstract submissions, questionnaires and onsite applications. These are all stored in one database. A 

part of the data analyses that are currently executed are used for regular reports in spreadsheets. The 

other part of data analyses are based on ad-hoc questions coming from committees, executive 

management or department managers. Because the current process is time consuming and prone to 

mistakes, using data analyses to support decision making is currently hard to apply structurally. 

Hence, it could be stated that the EAU currently is at a low level of business intelligence maturity, 

based on the high usage of spreadsheets, no use of data access applications, low usage of business 

intelligence in general and ad-hoc questions coming from individuals or individual departments 

(Hribar, 2010).  

4.3. Phase 3: ‘To be’ analysis  

In this section, the results of executing step 3.1 until 3.6 of the method of Winter & Strauch (2003) are 

discussed. The results of these steps are the final informational, functional and non-functional 

requirements of the system as they were brought forward by the stakeholders. In this phase, we are in 

the business level of the BOAT framework, as can be seen in Figure 10. First, the requirement 

engineering process that led to the final requirements is discussed. Subsequently, the final functional, 

non-functional and informational requirements that resulted from the requirement engineering 

activities are presented according to appropriate models. Detailed information about the exact 

requirements was written down in the requirement engineering document (Krutzer, 2019).  

4.3.1. Requirement engineering process  

This part describes the overall executed requirement engineering process, which consisted of the 

elicitation, negotiation and validation activity.  

4.3.1.1. Elicitation 

In total, 30 interviews were conducted according to the interview protocol of Kimball, Reeves, Ross, 

& Thornthwaite (1998). The duration of the interviews was in the range of 30 to 90 minutes. All of 

the stakeholders that are depicted in the stakeholder categorization (Figure 12) were interviewed, 

except for the operational affairs manager, the business affairs manager, the abstract manager and one 

of the sales managers because they were not able to find time for an interview. Two project assistants 

of the logistics department and three project assistants of the scientific department were interviewed. 

One member of the executive committee was interviewed, as well as five members of the scientific 

congress office and one member of the education office.  

4.3.1.2. Negotiation 

During the negotiation activity it was determined which requirements were included and which were 

excluded from the final system requirements. As discussed in part 3.3.1.3, the informational 

requirements had to require at least one aggregation and two entities to be included in the analytical 

system. For the functional and non-functional to be included in the system, they were required to 

relate to analytical systems. Excluding the requirements that did not meet these criteria resulted in the 

exclusion of some departments that did not have any relevant requirements. Some departments were 

excluded from the final stakeholder list for other reasons. The excluded and included departments are 

presented in Table 11. The reason for exclusion is presented as well.  

 

As can be seen in the table, the EAU executive committee was excluded from the renewed scope 

because the interviewee of the executive committee expressed he was content with the current 

analysis process. The executive management of the administrative headquarters was not in the 

renewed scope since no interviews took place. This means that although they are likely to be 

important stakeholders, there is no input from the strategical layer of the organization.  
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Table 11: Included and excluded EAU departments and reasons for exclusion 

Included stakeholders Excluded stakeholders Reason for exclusion 

European School of 

Urology (total) 

EAU executive committee Expressed there was no need for 

change 

Congress Consultants 

(total) 

Executive management  No interviews took place 

Membership department EUSP/ YOU / Section office  No requirements that fulfilled 

inclusion criteria 

Sales department Marketing & communication 

department 

No requirements that fulfilled 

inclusion criteria 

International relations 

office 

Guidelines department No requirements that fulfilled 

inclusion criteria 

Scientific affairs office   

Scientific congress office    

Education office    

   

 

The stakeholders of the renewed scope were asked to prioritize their requirements according to the 

method of numerical assignment, which is described in more detail in the requirements engineering 

document. Because of the large number of requirements and the time limit of the project, it was 

decided to solely include requirements that were given a ‘critical’ or ‘standard’ prioritization.  

 

No conflicting requirements were found in the final requirements (there were no requirements that 

excluded each other), which means that it was not necessary to use a conflict solving method. This is 

often the case in analytical support systems, because the most important requirements are the 

informational requirements and these are not likely to contradict one another (García et al., 2016).  

4.3.1.3. Validation  

As discussed in part 3.5, there were three points of validation during the project. The first point of 

validation was executed by sending the interview write-up to the interviewee to ensure the 

requirements were understood correctly. All stakeholders responded to this e-mail with conformations 

or adjustments. During the negotiation activity, the requirements were validated again by proposing 

the requirements according to the renewed scope and asking the stakeholders to prioritize these 

requirements. This resulted in the final requirements which are discussed below. Finally, a mockup of 

the front-end of the analytical system was created to validate whether the designed system was as 

desired (see section 4.4.4). Stakeholders were asked to comment on this mockup to validate whether 

this system fits their requirements.  

4.3.2. Informational requirements  

In this section, the final informational requirements are discussed. First, the required information is 

discussed. Second, a goal modeling method is chosen to represent these informational requirements. 

Finally, an example of a goal models is presented for a stakeholder group.  

4.3.2.1. Required information 

Based on the interview outcomes, it was determined on what organizational level the analytics were 

required (i.e. operational, tactical or strategic level) and which kinds of analytics were required (i.e. 

descriptive, predictive or prescriptive). Most informational requirements revolved around the 

scientific events, course organization and membership activity. Data analyses were required to 

support decision making regarding the organization of events that are planned in the months prior to a 

scientific event.  
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Data are required to identify trends and analyze developments relevant to the events or members, 

which requires monthly or yearly historical data. The required information consisted of metrics that 

are necessary repeatedly; they are not one-time data analyses. As an example; by analyzing which 

session topics during events were most visited last years, the popularity of the topics can be analyzed. 

This information can be used to anticipate to this in the next event. Hence, the required data analyses 

were about providing information on past or current events to provide context for future actions, 

which means that the employees are in need of analytics on the descriptive level (Watson IoT, 2017).  

 

Data analyses about day-to-day business or to support strategy development were not of interest. This 

implies that analytical information is required to make certain tactical (i.e. semi-structured) decisions 

(Frankel, 2008; Santos et al., 2016).This kind of information is relevant for all stakeholder groups of 

the EAU; committee members need to determine the content of the scientific events and mid-level 

management (i.e. the departmental managers) as well as project assistants need to make decisions 

about the events’ planning.  

 

The nature of these informational requirements has consequences for the analytical system structure 

that is needed for the EAU. An analytical system with a need for tactical decision support implies that 

a system with a data warehouse structure is required.  

4.3.2.2. Informational goal modeling method 

In this section, a goal modeling method is chosen to represent the informational requirements of the 

EAU stakeholders. A large part of the goal modeling methods state that measurable goals or key 

performance indicators (KPIs) should be modeled. The stakeholders require information that consists 

of certain metrics that were necessary repeatedly. However, the organization does not make use of 

KPIs or measurable goals. Therefore these goal modeling methods are not appropriate in this case.  

 

Other goal modeling methods state decisional goals should be identified that fulfill the strategic goals 

of an organization. However, since the decisions of the EAU are semi-structured, it is not always 

possible to identify the decisional goals that should support the strategic goals. This is simply because 

decisions that have to be made are not known beforehand. The need for information is known, 

however it is not known how to act on this information beforehand, because this depends on the 

outcome of the information.  

For these reasons, it has been chosen to use goal modeling for the informational requirements 

according to Giorgini et al. (2005), which does not require to specify KPIs or other measurable goals. 

This goal-modeling method is focused on the goals of the decision makers that are related to the 

informational needs for business processes. The method takes two perspectives into account; the 

organizational and the decisional perspective. A model is created for both of these perspectives. Based 

on these perspectives, a conceptual model for the data warehouse can be produced.  

 

The organizational modeling phase consists of three steps. First, a goal analysis is produced, in which 

the relevant stakeholders and their organizational goals are identified. Second, a fact analysis is 

executed to identify the relevant facts for the organization, which is added to the model. In the 

organizational model, facts are the set of events to be recorded when goals are achieved. During the 

last step, attributes are identified and added to the model. Attributes are given a value when facts are 

recorded, however in this phase their role as dimensions or measures is not specified yet. 

 

The decisional modeling phase consists of four steps. Similar to the organizational modeling phase, 

this phase starts with a goal analysis. The decisional goals of the stakeholders are decomposed and 

modeled. The second step is to identify facts and associate them with the stakeholders’ goals. In the 

decisional model, facts are possible objects of analysis (as described in part 2.1). The third step is to 

determine the dimensions that are considered necessary by the decision makers in order to satisfy their 

decisional goals. Lastly, the measures are added to the model, which are the numerical properties of 

the facts.     
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Hence, the organizational model represents the most relevant attributes (and thus the most relevant 

data) that should be part of the source data. The decisional model presents the role that these attributes 

play, by defining them as facts, dimensions or measures. The notation for the actor and rationale 

diagrams can be found in Figure 16. From these first two phases, a conceptual design for the data 

warehouse or data marts can be derived. The conceptual model this goal modeling method uses is the 

dimensional fact model of Golfarelli & Riui (1999), as discussed in section 2.2.1.  

 

To generate the conceptual model three steps are involved; requirement mapping, hierarchy 

construction and refinement. During requirement mapping, the facts, dimensions and measures from 

the decisional model are mapped onto the conceptual schema. During the hierarchy construction 

phase, all attribute hierarchies are created and it has to be decided whether an attribute is a dimension 

or measure. The attributes of the organizational model are included during this step as well. During 

refinement, the fact schema’s are rearranged to fit the user needs better. Measures in the fact table can 

be labeled with the “demanded” label if it appears as a goal but it does not appear as an available 

attribute in the organizational diagram. In other words, measures are labeled with the “demanded” 

label when it is desired to analyze a certain metric but the necessary data is not yet stored in data 

sources.  

 
Figure 16: Notation for actor and rationale models for the goal modeling method (Giorgini et al., 2005) 

4.3.2.3. Informational goal models for the EAU  
For each stakeholder (group) in the renewed scope, an organizational and decisional model was 

created. Since the steps of these models keep on adding elements to the prior step, only the final result 

of these steps is shown in this report, to prevent unnecessary duplicate models (i.e. the final 

organizational and decisional models are presented). The fact models are presented subsequently to 

the goal models. As an example, the goal and tact models of the membership department are 

presented in the current section. The remaining goal and fact models are included in Appendix VI.  

 

The goal models of the European School of Urology at the administrative part of the organization and 

the education office of the practical organization section were combined into one goal model, since 

these parts of the organization work together and have the same goals. The same holds for the 

scientific department of Congress Consultants and the scientific congress office.  

 

As depicted in Figure 17, the membership department has several goals and sub-goals. The overall 

goal is to manage the members of the EAU. The associated sub-goals are the management of the 

membership administration and attracting new members.  
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These sub-goals are further decomposed. For example: part of managing the membership 

administration is being responsible for several entitlements (e.g. urological guidelines), which are sent 

to the entitled members and are distributed on events. The information that is collected when 

achieving these sub-goals can be found in the figure as attributes.  

 

 

 

 
Figure 17: Organizational diagram of membership department 

Figure 18 presents the decisional diagram of the membership department. As can be seen in the 

figure, the overall goal is to be able to analyze data about the members of the EAU. The decisional 

sub-goals represent the wishes of the membership manager regarding data analyses. She wishes to 

analyze data regarding the EAU member profiles, non-member participants, growth rate of members, 

membership finances and amount of membership entitlements that are picked up. It is determined 

whether the attributes are dimensions or measures for every decisional goal, which can be found in the 

figure.  
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Figure 18: Decisional diagram of membership department 

As can be concluded from the decisional diagram, the membership department requires data analyses 

regarding four different subjects: membership developments, membership finances, non-member 

event participants and membership entitlements. Because the measures of these fact models were 

fairly different, four fact models have been created for the membership department. Figure 19 

represents the desired measures regarding membership developments. Figure 20 shows the fact model 

regarding membership finances. Figure 21 presents the fact model about entitlements and lastly, 

Figure 22 presents the relevant measures regarding non-member participants.  

 

 
Figure 19: Dimensional fact model regarding membership developments 
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Figure 20: Dimensional fact model regarding membership finances 

 

Figure 21: Dimensional fact model regarding membership entitlements 

 

Figure 22: Dimensional fact model regarding non-member participants 

As can be concluded by looking at the dimensional fact models of each stakeholder (group), there is 

no “demanded” label in the fact models. This means that currently, all necessary data to fulfil the 

included informational requirements as presented in the fact models can be found in the database.  

Hence, no additional data sources other than the ones depicted in Figure 14 are needed for this system 

design.  

4.3.3. Functional requirements  

This section describes the functional requirements of the analytical system. First, the stakeholders’ 

goals regarding the systems’ functions are discussed. Second, the functions that the system should 

possess to fulfil these goals are presented. Only functional requirements that were related to an 

analytical system context were included in the final functional requirements.  

 

The main overall goal of the analytical system is to support decision-making of end users by 

analyzing data. To do this, end users should be able to perform data analyses from different 

viewpoints and on specific sections.  
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As an example: the international relationship department manager wants to analyze data about 

members of specific countries (specific sections) to be able to respond to their educational needs. 

Therefore, she would like to analyze various session visits and abstract review scores (different 

viewpoints) of these specific countries.  

 

Stakeholders want to be able to gain insightful overviews of the data. Furthermore, stakeholders 

would like to be able to create reports of the required pre-defined metrics to be able to present 

analyses to other parties. For example, the sales department needs to present statistics about past EAU 

events to interested sponsors. Other reporting needs are the ‘newsflash’ reports mentioned in part 

4.2.3. The metrics and layout of these kinds of reports are always the same.   

 

The system functions that fulfil these goals are depicted in Figure 23. As mentioned in chapter 3, the 

function requirement tree is used to refine the functions of the system described by Insfran & Pastor 

(2014). The function refinement tree specifies the system functions in a refinement hierarchy. The top 

of the tree represents the overall system and the leaves of the tree are the elementary functions. In this 

case, the functional requirements all relate to the data access application, since this is the only part of 

the system the end-users can view. As can be concluded from the figure, the analytical system should 

have a data analysis, a data visualization function and a data reporting.  

 

The desire to observe data from various viewpoints and the ability to analyze specific sections of data 

sets is represented by a data analysis function. By providing the system with a data visualization 

function, stakeholders can get the quick insightful view of data they want. Because stakeholders want 

to be able to create reports of the data analyses, the system needs a reporting function. Stakeholders 

want to create ad-hoc reports and reports that always have the same layout. Hence, next to an ad-hoc 

reporting function, there is chosen for a parameter reporting function for the reports with these 

standard layouts. With this option, system users can produce fixed reports with standardized metrics 

whenever requested.  

 
Figure 23: Function refinement tree of the EAU analytical system (Insfran & Pastor, 2014) 

4.3.4. Non-functional requirements 

In this section, the non-functional requirements as proposed by the stakeholders are discussed. These 

non-functional requirements specify how the functionality proposed in the previous section is 

achieved by the system.  

 

The NFR framework of Chung (2000) offers a structure for representing non-functional requirements 

with help of the soft-goal interdependency graph. In this graph, non-functional requirements like 

security, accuracy and performance are used. These main requirements are shown as soft-goals at the 

top of the graph in the form of a cloud. To clarify the non-functional requirements, interdependencies 

show refinements of the top soft-goals downwards to other more specific soft-goals. Prioritized 

requirements are shown with exclamation marks. If possible, more downwards, operationalizations 

are identified. 
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Operationalizations are design alternatives for meeting non-functional requirements in the analytical 

system. For this project, this NFR framework is used to categorize the non-functional requirements as 

they are proposed by the stakeholders and to identify more specific soft-goals.  

 

Paim & Castro (2002) apply the NFR framework to the data warehouse context, by defining the major 

non-functional requirements for data warehouses. This was used to identify possible soft-goals as well 

as operationalizations for this project. The soft-goal interdependency graph of the EAU is shown in 

Figure 24. For clarity, the operationalizations are colored pink. During the system development in a 

later stadium, an evaluation procedure can e.g. be used to determine which soft-goal is achieved, or 

evaluate the impact of decisions. This is not included in the model in this project, since this is part of 

the actual system implementation. Furthermore, it is not the intention to give a complete, exact 

overview of all non-functional specifications and operationalizations of the system, since this mostly 

touches the technology dimension of the BOAT framework, which is out of scope. However, it is the 

intention to show how the stakeholders’ final non-functional requirements possibly affect the system 

design. 

 

Most stakeholders indicated that it is most important that data shown in the data access application is 

accurate (accuracy: i.e. data is precisely stored and summarized data shows accurate results (Paim & 

Castro, 2002)). As mentioned, data quality is often presented as one of the important business 

intelligence success factors (Olszak, 2016; Villamarin Garcia & Diaz Pinzon, 2017; Yeoh & 

Koronios, 2009). Decisions have to be made based on the data provided by the system, which is why 

the correctness of data is very important. An incorrect representation of the collected data can lead to 

misguided decision making. The second most important requirement was that data should be up-to-

date (timeliness: i.e. the degree to which data is updated according to the stakeholders’ needs (Paim & 

Castro, 2002)). Again, this enables stakeholders to make accurate, timely decisions. It is 

recommended to update data daily, since (most) stakeholders indicated this would be sufficient.    

 

 
Figure 24: Non-functional requirement soft-goal interdependency graph for the EAU (Chung, 2000) 
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Since departments deal with confidential data, confidentially is another non-functional requirement. 

To operationalize this, the data access application could have a log-in function, which is shown in 

more detail in Figure 24. Another non-functional requirement mentioned was about the query 

response time. As discussed in part 2.2.1, multidimensional modeling allows for fast querying and 

therefore is a fitting operationalization to accomplish this. Furthermore, stakeholders wanted a data 

access application that was user friendly and not too complicated. Guidelines or training could be 

provided to teach end-users about the application. Lastly, it is desired to make the system available to 

all stakeholders, hence the availability requirement is depicted. As discussed, currently, only the 

administrative part of the organization has access to Oxygen. However, since the professional part of 

the organization has an important decision making role, it is wanted to grand the professional part of 

the organization access to the system as well.  

4.3.5. Overview of final requirements  

This section provides an overview of the final requirements by using scenarios and solution-oriented 

artifacts. First, two scenarios are presented to show the functionality of the system. Second, the 

solution-based artifacts are presented.  

4.3.5.1.  Scenarios  

The goal of this section is to specify the desired functionality of the analytical system. As mentioned 

in part 3.4.2, scenarios can be modelled according to use case diagrams, sequence models and process 

models. Because it is desired to show how end-users interact with the system in different occasions, 

use case diagrams are the model of choice. Two use case diagrams are chosen to illustrate the 

functions of the system; in the first scenario the end user wants to obtain analytics for own use, in the 

second scenario the end user wants to generate a parameter report.  

An arbitrary example is modeled for the first use case. The following scenario is chosen: the 

membership department manager wants to analyze how many members of each member type visited 

the EMUC meeting in 2018 for her the purpose of her own decision-making. The use case can be 

found in Figure 25. As can be seen in the figure, the membership department manager first logs in and 

is authenticated by the system. Thereafter, she should be able to select the relevant section of data 

analytics and select her query. To answer her query, the relevant data is imported from the data 

warehouse and the query is returned and can be viewed by the membership manager.  

 
Figure 25: Use case model for regular data analysis  
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The second use case scenario illustrates the case where a system user wants to obtain a parameter 

report. Figure 26 presents this use case. Again, an arbitrary example is modeled. In this case, the 

Congress Consultants department manager wants to obtain the registration report of the month 

December for the annual congress of 2020. She logs in and is authenticated by the system. She selects 

the reporting function and needs to enter the parameters of interest, which are the relevant event and 

time-period of interest. The data is imported from the data warehouse and the report is returned.  

 

 
Figure 26: Use case model for parameter reports 

4.3.5.2. Solution-oriented artifacts  

As mentioned in part 3.3.3, the solution-oriented artifacts are presented in text. Based on these 

artifacts, the system should be designed. Firstly, a summary of the informational requirements is 

presented. The functional requirements are discussed afterwards, followed by the non-functional 

requirements.  

 

As mentioned, the exact informational requirements are presented in the document regarding the 

interviews (Krutzer, 2019b). To summarize the informational requirements of the EAU:  

 Analyze members, participants and abstract-submitters profiles: Multiple departments would 

like to analyze the profiles of members, participants of courses and events and abstract-

submitters on several characteristics like age, nationality and professional interest.    

 Evaluate events and courses: A big part of the EAU organizes events and courses. It is desired 

to evaluate these events and courses on popularity based on participant attendance. 

 Analyze abstract submission: It is desired to analyze the ratings of abstract submissions, per 

abstract and the overall numbers of abstract acceptation and rejection.    

 Trend analysis: Multiple departments would like to analyze the trends of event registrations, 

event abstract submissions and at what time the entitlements are being picked up at events.  

 Finances: Financial analyses are requested about membership payments and registration 

payments.   
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The system has the following functional requirements: 

 The system should provide end-users with multi-dimensional data analysis. 

 The system should offer a data visualization function. 

 The system should provide the ability to drill down, drill up and slice-and-dice. 

 End-users should be able to generate reports of their data analysis and filter information 

according to their own selection criteria. 

 The system should provide end-users the option to receive parameter reports overviews. 

 

The system has the following non-functional requirements: 

 Accuracy: The data in the system should be accurate.  

 Timeliness: The data should be updated regularly.  

 User-friendliness: The system should be easily adopted by its end-users and the learning time 

should be short.  

 Confidentially: Unauthorized access to the system should be prevented.  

 Response time: The system should have a low query response time.  

 Availability: The system should be available for all stakeholders.  

4.4. Modeling phase  

The previous section of this chapter discussed the to-be situation of the EAU, the current need for 

information and the functional and non-functional requirements. In this section, the requirements are 

used as input for the design of the analytical information system architecture for the EAU. Step 4.1 of 

the method of Winter & Strauch (2003) was executed during this phase. We are now in the 

architecture level of the BOAT framework. In this phase, we move from the software aspect (by 

providing the data warehouse structure), to the data aspect (by providing the data structure of the 

system) and end with the functions and roles that are necessary to develop the IS solution (by 

providing the organization dimension). The design is provided on aggregation level 1 and abstraction 

level 2 of the design cube of Grefen (2016).  

 

There are two main types of design methods for a data warehouse structure; the top-down approach 

developed by Inmon (2005) and the bottom-up approach developed by Kimball, Reeves, Ross, & 

Thornthwaite (1998). The data warehouse design of Inmon is presented in Figure 3. Data from data 

sources are extracted, transformed and loaded into the central data warehouse. Inmon’s method starts 

with the design of the data structure in this data warehouse, which is modeled according to an 

enterprise-wide entity relationship diagram. Business intelligence applications (i.e. data access 

applications) are fed with data directly from the data warehouse or via data marts. Data marts can be 

created according to a dimensional data schema or other relational schemas. They are created from the 

data warehouse and contain data for specific processes or departments, based on the needs of the end 

users. Hence, the data in the data warehouse structure is transferred via a shared database pattern 

(Breslin, 2004; Inmon, 2005). A shared database pattern has flexible, asynchronous coupling between 

the components and requires the availability of transaction management (Grefen, 2016).  

 

The data warehouse design of Kimball et al. looks slightly different. Again, data from data sources are 

extracted, transformed and loaded first. However, these data go directly from the data source to a data 

mart, instead of going to an enterprise-wide data warehouse first. Kimball et al. define the data 

warehouse as “a copy of transaction data specifically structured for query and analysis”. According to 

Kimball et al. all the data marts combined together form the data warehouse. Hence, the design of the 

data marts is the main focus of this method. The data marts are designed with multidimensional 

models (see section 2.2 for the star and snowflake models). By using standardized dimensions among 

the star schemas, a shared bus pattern (or ‘bus architecture’ according to Kimball et al., (1998)) is 

formed and the data marts become an integrated whole. 
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Data transferred through a shared bus pattern has direct flexible coupling and requires modules to be 

active simultaneously (Grefen, 2016). From the data marts, the data are directly transferred to the 

business intelligence applications (Breslin, 2004; Kimball et al., 1998).  
 

In the next part, the two alternative data warehouse structures are designed to illustrate the differences 

between the two structures in the case of the EAU. First, the methodology of Kimball et al. is used to 

create the data warehouse structure and data models. Second, the data warehouse structure and data 

models for the EAU in the case of Inmon are provided. Subsequently, these designs are discussed and 

recommendations about the data warehouse structure of choice are made.     

4.4.1. The data warehouse design according to Kimball et al. (1998) 

This section discusses the data warehouse design for the EAU, according to the method of Kimball et 

al. First, the data schemas are presented and thereafter, the overall system structure is presented.  

 

A dimensional schema consists of facts and dimensions, as discussed in part 2.2. To model a 

dimensional schema Kimball et al. propose to use four design steps:  

1. Choose the data mart or business process.   

2. Choose the fact table grain 

3. Choose the dimensions 

4. Choose the facts   

 

This results in the logical dimensional data models for the data marts. The goal models and conceptual 

fact models discussed in section 4.3.5.2 are used as a starting point for the logical designs. From these 

conceptual fact models, the necessary dimensions and fact measures are identified.  

 

According to Kimball et al., different types of fact tables and different types of dimensions might be 

needed to model the star schemas. The explanation of these kinds of fact tables and dimensions are 

listed in Appendix VII. These fact tables and dimensions are used for the data design. Three of the 

resulting fact tables that are relatively different are discussed below. Subsequently, the overall data 

structure of the data warehouse is presented. The remaining fact tables designs are included in 

Appendix VIII. To gain a better overview of the different facts and dimensions in the figures, the fact 

tables are colored pink.  

 

Before explaining the designed data marts, it should be stated that Kimball et al. recommend to solely 

make use of star schemas and not to use snowflake schemas. Snowflake schemas place low-

cardinality attributes from dimension tables to secondary dimension tables. This would slow down the 

browsing performance of the system (Kimball et al., 1998).  

 

The first designed fact table is about the course and session attendance of a scientific event, which can 

be found in Figure 27. Since a course is a kind of session, courses are not handled in a separate fact 

table. Hence, this fact table handles the requirements about session/course popularity and which 

people that have registered for an event visits what kind of sessions/courses. The fact table needs to be 

a ‘factless fact table’. In the method of Kimball et al., it is discussed that measuring event attendance 

should be handled with these factless fact tables, since no obvious measure is recorded when 

somebody attends an event. To record every time that a registration participates in a session, the 

dummy fact-like field called ‘attendance’ is set to 1.   
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Figure 27: Session attendance tracking fact table 

The next fact table is about abstract submissions, which can be found in Figure 28. In this case, two 

fact tables are necessary; the transaction fact table and the snapshot fact table. According to Kimball 

et al., (1998), almost all data marts need a transaction version and a periodic snapshot version. 

Transaction fact tables are able to answer questions about individual transactions.  

 

Periodic snapshot fact tables are able to answer questions about specific intervals or about totals of 

groups at the end of specific periods. Both of the fact tables are necessary because there is no simple 

way in combining these two contrasting perspectives (Kimball et al., 1998; Kimball & Ross, 2002). In 

the case of abstract submissions, the transaction fact table keeps track of all submitted abstracts of 

abstract submitters. In the abstract submission snapshot fact table, the desired metrics are represented. 

Questions about for example the amount of submitted abstracts in a certain month can be answered 

with these fact tables. Hence, all of the informational requirements proposed by the stakeholders of 

the EAU are included in these snapshot tables.  

 

 

 
Figure 28: Abstract submission fact tables 
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In Figure 29, the fact tables about membership finances can be found. Again, a transaction fact table 

and a snapshot fact table are necessary. The transaction in this case is the subscription payment by a 

member. The snapshot fact table is used to answer questions to get monthly or yearly financial 

overviews. A status dimension is added to be able to select, for example, only active members.  

 

 
Figure 29: Membership finances fact tables 

Certain stakeholders requested similar fact measures and dimensions, as can be concluded from the 

goal models in Appendix VI. For example, the international relationship office manager requested 

session attendance numbers, similar to the scientific department wishes. Since these stakeholders 

requested the same metrics and dimensions, these requirements can be represented by the same fact 

model(s).   

 

The overall data warehouse data structure can be found in Figure 30. As discussed above, Kimball 

makes use of standardized (or conformed) dimensions to form a bus structure. These conformed 

dimensions have a uniform interpretation across the enterprise. Facts with similar dimensions can be 

connected; hence multiple facts can be connected to that same dimension. Conformed dimensions 

bind the data marts together. As mentioned in section 4.2.3.2, no additional data entities were 

necessary than the ones currently existing in the data model of the Oxygen database.  

 

As can be seen in Figure 30, multiple fact tables connect to the registration and event dimension, since 

these are shared dimensions among the data marts. Although every data mart needs a time dimension, 

it is decided not to connect all of the fact tables to one time dimension in this figure. The time 

dimension is a role-playing dimension (see Appendix VII). Although time appears repeatedly, it has 

different meanings. For example, time for the abstract fact table means the time of an abstract 

submission and time for the session attendance fact table means at what time the session takes place. 

Hence, for clarity, all of the fact tables have a separate time dimension.  
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Figure 30: Overall data structure of the data warehouse according to Kimball et al. (1998)  

Figure 31 presents the elements of the analytical system structure according to the structure of 

Kimball et al. The structure makes use of several columns. In a columned style, structure is defined by 

organizing elements into functional sub-areas (Grefen, 2016). The data source column consists of the 

legacy data sources. As mentioned, the current data sources provide all data necessary to fulfill the 

requirements, no additional data sources are necessary. In the data filter column, data from data 

sources are extracted, cleaned, transformed and loaded into the data warehouse. The data warehouse 

column consists of the data marts presented above, connected by the confirmed dimensions as 

presented in Figure 30. From the data warehouse, data is transferred to data access applications. As 

discussed in section 2.1, there are several kinds of developed data access applications. Because the 

method of Kimball is a bottom-up method, data access applications would normally be tailored 

specifically for every stakeholder (group). However, in this case it is recommended to use the same 

data access application for the entire organization since section 4.3.3 shows that departments have 

similar functional needs. In the case of the EAU, using different data access applications would lead 

to unnecessary costs. 
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The data access application should have a data analysis, visualization and (ad-hoc and parameter) 

reporting function. To show these functionalities in the figure, the user access tool column is designed 

at aggregation level 3. As mentioned in section 2.1, developed data access applications may overlap in 

functionality. However, the desire to analyse and visualize historical pre-defined metrics seems to fit a 

dashboard application with a reporting function best. Metadata is collected for the data sources, ETL 

tool, data warehouse and dashboard application.  

 

 
Figure 31: EAU data warehouse design with dashboard application according to Kimball et al. (1998) 

4.4.2. The data warehouse design according to Inmon  

According to Inmon (2005), the central data warehouse should serve the entire organization. Inmon 

states that different data modeling approaches can be used for successfully building the data 

warehouse; however data should be modelled according to a normalized relational data model. This 

corporate data model does not have to be very different from the ones that are used in the operational 

systems. However, some changes have to be made. The data model as applied to the data warehouse 

should be free of data that is solely used in the operational environment. Furthermore, an element of 

time needs to be added to the data model, if this is not already present.  

 

As mentioned, the EAU has one database for their information system where data is structured in an 

entity relationship model with over 300 entities and 4000 relationships. This model is not fit for the 

central data warehouse structure, since it consists of data relevant solely for the operational 

environment as well. Only data relevant for the analytical environment should be included in the 

central data warehouse. For the EAU, all of this relevant data is modeled in Figure 15. Since this 

model is a normalized relationship model with all necessary data for the required data analyses and 

with time already included, this could be used as a corporate data model. Hence, for the current 

informational requirements, the data model that was presented in Figure 15 can be used as the data 

warehouse data structure according to Inmon.  

Inmon recommends using the star diagram as a foundation for data mart design. According to Inmon, 

(2005), using multidimensional models for analytical support, instead of using the entity relationship 

model, provides fast and efficient access to data.  
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The data marts should be dependent data marts, which means that they are dependent on the data 

warehouse instead of independent data marts, that depend directly on the data sources for their data 

(like the data marts of Kimball). These data marts should be built for specific departments or 

functions. However, guidelines on how to structure these data models are not provided in the method 

of Inmon. It is assumed that the data mart models, as designed for the data structure of Kimball, can 

be used as data mart structures for the data warehouse of Inmon as well since these are designed 

according to star diagrams and created for specific departments.   

 

This results in the overall system structure according to the methodology of Inmon, as presented in 

Figure 32. Similar to the Kimball design, this design consists of several columns. Again, the legacy 

data sources of the EAU are used. In the data warehouse column the data model as discussed above is 

adopted. From the data warehouse column, data is transferred to dependent data marts, which requires 

another ETL process. From the data marts, data is used by the data access application for user access. 

Again, a dashboard application with data analysis, visualization and (ad-hoc and parameter) reporting 

function is chosen as the user access tool. Metadata is collected for every component of the system.     

 

 
Figure 32: EAU data warehouse design with dashboard application according to Inmon (2005) 

4.4.3. Discussions and conclusions on the data and system structure for the EAU   

In this section, the two design alternatives are discussed and a design recommendation for the EAU is 

provided. First, the advantages and disadvantages of both methods are discussed. Second, criteria that 

are used to choose one out of two methods are discussed. Lastly, a recommendation is provided.  

 

By implementing an organization-wide data warehouse according to the data warehouse of Inmon, 

various reporting needs across the enterprise can be supported. Because the data warehouse is the only 

source of data for the data marts and all of the data are integrated, the data warehouse is the ‘single 

source of truth’ of the organization. However, the organization-wide focus and top-down approach of 

Inmon makes it a more complex design method. The method has a technical nature and its main 

audience consists of IT employees with different specialties. This makes it more time-consuming to 

set up and to implement the data warehouse solution. Furthermore, more ETL work is necessary 

between the data warehouse and the data marts.  
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The method of Kimball on the other hand is easier to understand. It does not require a normalized data 

structure before loading data into the dimensional models. This makes it accessible to end users as 

well and faster and easier to implement. Making use of dimensional modeling results in faster query 

answering and more efficient processing. Star schemas are very appropriate for dimensional 

modeling. The smaller data warehouse takes up less space and makes it easier to manage.  

However, the simplicity of Kimballs methods has some downsides. Data marts are designed for 

specific business processes; hence deviating information requirements require new data marts and an 

organization-wide integration of data cannot be provided. Adding new fact measures is not as easy 

and can result in problems. Furthermore, because data is not completely integrated in the data 

warehouse of Kimball, there is no ‘single version of the truth’ (Breslin, 2004; Inmon, 2011).  

 

The choice between one of these two methods is not straightforward. As mentioned above, both 

methods have several advantages and disadvantages. There has been much discussion about what data 

warehouse structure is best to implement and there have been successful implementations of both 

methods. According to Breslin (2004), the choice of the architecture should be based on eight 

evaluation criteria, which are listed in Table 12.  

 
Table 12: Criteria to determine the data warehouse structure (Breslin, 2004) 

Characteristic Kimball Inmon EAU 

Nature of the 

organization’s decision 

support requirements 

Tactical Strategic Tactical 

Data integration areas Individual business 

areas 

Enterprise-wide 

integration 

Individual business 

areas 

Structure of data KPIs, business metrics, 

performance measures 

and scorecards 

Non-metric data and for 

data that will be applied 

to meet multiple and 

varied information needs 

Business metrics 

Scalability Need to adapt to highly 

volatile needs within a 

limited scope 

Growing scope and 

changing requirements 

are critical  

Needs are within a 

limited scope 

Persistency of data Source systems are 

relatively stable 

High rate of change from 

source systems 

Source systems are 

stable 

Staffing and skills 

requirements 

Small teams of 

generalists 

Larger team(s) of 

specialists 

Small team of 

generalists 

Time to delivery Need for the first data 

warehouse application 

is urgent 

Organization’s 

requirements allow for 

longer start-up time 

Implementation is 

wanted as soon as 

possible 

Cost to deploy Lower start-up costs, 

with each subsequent 

project costing about 

the same 

Higher start-up costs, 

with lower subsequent 

project development 

costs 

Not included in the 

research 

 

The last column of the table presents the criteria applied to the EAU. As discussed in part 4.3.2, the 

informational requirements were of a tactical nature. Although there were no measurable goals or 

KPIS, the different departments had metric requirements, which did not require enterprise-wide 

integration. Source systems are stable and as could be concluded from the stakeholder analysis 

(section 4.1), the EAU has a small IT department with mostly general functions. Furthermore, it is 

preferred to implement the system as soon as possible.  
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Based on these criteria, the architecture of Kimball fits the situation of the EAU best. By choosing the 

warehouse of Kimball, the EAU would have the benefits of setting up a data warehouse structure 

faster and easier, at lower costs. However, as mentioned in section 4.3.3, a valuable non-functional 

requirement was the one of data correctness. Implementing a data warehouse architecture according to 

the structure of Inmon has the advantage of having a ‘single version of the truth’, which fulfils this 

correctness requirement. The data warehouse structure of Kimball would not have this ‘single version 

of the truth’, since this method does not require to build one centralized data model. Not having this 

characteristic could lead to inconsistent query answers, which would make the data warehouse of 

Inmon more attractive, based on the importance of this non-functional requirement. However, as can 

be seen in section 4.2.1, Oxygen currently has only one database. All of the relevant EAU data are 

stored in this centralized database and necessary data for data analysis is retrieved here. Hence, it is 

expected that implementing the data warehouse structure of Kimball would not lead to the loss of 

having a ‘single version of the truth’ in this case. However, when end-users want to execute data 

analyses that require other databases, inconsistency can become an issue.  

4.4.4. The project organization 

We now move to the organization aspect of the system design on the same aggregation and 

abstraction level in the architecture design cube of Grefen (2016). Different roles are necessary to 

execute the project. In this section, first it is described which roles are necessary to successfully 

implement and maintain the design as described above. Subsequently, it is explained how these roles 

should be covered in the case of the EAU.  

4.4.4.1. System roles 

As can be concluded from the designed architectures in part 4.4, the analytical systems consist of 

some typical components. A team should be formed that is able to execute the design, development 

and maintenance of these parts of the system. The designed analytical system has data access 

applications and makes information available for all employees, which implies the system is designed 

at a higher business intelligence maturity level (see section 2.3). The EAU could reach a higher 

business intelligence maturity level, on the condition that the organization itself matches the level of 

the designed analytical system. In other words, the EAU will only benefit from the designed system if 

the organization adapts to the higher business maturity level as well (Hribar, 2010).  

 

First of all, to achieve this, the project should be sponsored and managed. As mentioned in part 2.3, 

support and sponsorship from management is viewed as one of the most important success factors in 

data warehouse and business intelligence development. Committed and involved management support 

is needed to overcome organizational issues (Hawking & Sellitto, 2010; Olszak, 2016).  

 

The requirements for the system should be discovered by involving IT and business employees. 

Furthermore, the analytical requirements should be maintained during the life cycle of the system. An 

analytical system is subject to its environment, because it is created to support decision making for 

specific contexts and stakeholders (Salinesi & Gam, 2009). Since the future context and stakeholder is 

mostly unknown, it is impossible to know whether the system will be complete in the future. Hence, 

requirements should be maintained constantly in order to make sure the system still fits employees’ 

queries. Since user requirements could change over time, the data model and the data itself should be 

kept up-to-date (García et al., 2016). Change management should be applied to facilitate a smooth 

transition (Hawking & Sellitto, 2010; Olszak, 2016; Yeoh & Koronios, 2009). 

 

It is important that a skilled team executes the project (Olszak, 2016; Villamarin Garcia & Diaz 

Pinzon, 2017). Each of the above described parts of the analytical system project requires different 

roles and skills. Depending on the size of the project, the organization personnel and the skills and 

knowledge of the employees, multiple roles can be combined. The roles, tasks, responsibilities and 

skills required during the life cycle of the system are presented in Table 13, based on the by Kimball 

et al. (1998) and Moss & Atre (2003) proposed roles.  
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Table 13: Required roles with their tasks, responsibilities, skills and knowledge for the analytical system 

project 

Role Tasks and responsibilities Required skills/knowledge 

Business 

sponsor 

Project owner 

Financial responsibility of the project 

Remove business-related roadblocks for the 

development team 

Experience in system 

development efforts 

Basic understanding of data 

warehouse 

Project 

manager  

Overall project responsibility 

Define, plan, coordinate, control and review all 

of the activities.  

Track and report progress 

Mentor the team 

Resource allocation 

Communication skills  

Project management skills 

Broad knowledge of technology 

and system development  

Affiliation with the business 

side of the organization  

Business 

representative 

Represent stakeholder  (group) 

Provide business knowledge about data, 

processes and requirements 

Participate in modeling sessions 

Make test cases  

Communication skills 

Basic knowledge about data 

warehousing and data modeling 

Business 

analyst 

Requirements representor  

Leading the requirement engineering activities 

Identify data sources that fulfil requirements 

Communication skills 

Knowledge of both business 

and information systems 

Data quality 

analysist 

Assessing source data quality  

Testing the data populating the data warehouse 

and data marts 

Experience as analyst 

Knowledge of source systems 

data and business rules 

Knowledge of data quality 

techniques  

ETL developer Code the ETL programs and prepare the 

instructions for the ETL tool 

Knowledge about source 

systems and dimensional 

models 

Data 

administrator 

Create the logical data model  

Gain organizational agreement on common 

dimension and fact definitions  

Knowledge about relational and 

multidimensional data 

modelling  

Data 

warehouse 

database 

administrator 

Translate the dimensional models into physical 

table structures 

Day-to-day operational support of the database; 

maintain data integrity, availability and 

performance 

Knowledge about data 

warehouse design techniques 

Metadata 

administrator 

Build/license, enhance, load and maintain the 

metadata repository 

Writing skills  

Knowledge of ETL, data bases 

and data modelling 

Application 

developer 

Code the report programs, write queries and 

develop the analysis applications  

Knowledge of programming 

languages  

Change 

manager 

Develop change matrices to show requirement 

dependency (Silva & de Castro, 2003) 

Develop change management plan (Stroh et al., 

2011) 

Communication skills 

Knowledge about data 

modelling and business side of 

the organization  

Data 

warehouse 

educator 

Inform and educate end users about data content 

and end user applications 

Communication skills 

Knowledge about the data 

content and applications  

Technical 

services staff 

Maintain the hardware infrastructure and 

operating systems 

Knowledge of relevant 

hardware and systems 
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4.4.4.2. Organization recommendations for the EAU 

As can be concluded from the stakeholders analysis (section 4.1.1), the EAU has a rather small IT 

department. Currently, most of the data warehouse roles are fulfilled by certain stakeholders that are 

mentioned in Figure 14. The business affairs manager fulfils the tasks of the business sponsor. The IT 

project manager fulfills the task of the project manager role. Together with the project assistant the IT 

project manager fulfills multiple other roles. These are the roles of the data quality analyst, ETL 

developer, data administrator, data warehouse database administrator and the metadata administrator. 

Furthermore, it is recommended for the IT project manager to take on the role of the data warehouse 

educator as well, since this would be the most knowledgeable worker of the data warehouse. The 

technical services are currently provided by the internal system administrator and the external 

application platform provider.  

 

The remaining roles that need to be fulfilled are the ones of the business representative, the 

application developer the business analyst and the change manager. It is recommended to assign the 

role of the business representative to an employee of each EAU department and a member of every 

involved EAU committee. These business representatives should keep track of the analytical needs 

that exist within their department. Furthermore, it is recommended to license a dashboard application 

instead of developing it internally, which would save time and costs. This means that the role of the 

application developer is external.   

The tasks of the business analyst are partially fulfilled by the execution of this project, however it is 

likely that requirements are going to change and other stakeholders will get involved, which means 

that the role of business analyst is necessary in the future. The role of change manager is necessary to 

structurally keep track of these changes and to develop. A visual representation of this proposed 

project organization is presented in an organogram, with the functions that fulfill the roles as 

discussed in Table 13.  

 

As can be seen in Figure 33, a function is added that should fulfil the roles of the business analyst and 

change manager. Because there are many different roles currently fulfilled by the IT project manager 

and the project assistant, it is expected that more capacity is needed to fulfil the remaining roles that 

are necessary for the project. Hence, it is recommended to assign the roles of the business analyst and 

change manager to a third person. These roles naturally go together, since both roles need 

communication skills and knowledge of both business and IT. Furthermore, it is recommended to 

possibly assign other roles to this additional function as well, since the IT project manager and IT 

project assistant take on many roles. For example, as recommended by Moss & Atre (2003), the role 

of the data quality analyst could be added to the employee that fulfils the ‘business analyst’ and 

‘change manager’ role as well.  

 
Figure 33: Proposed organogram of analytical system project for the EAU 
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4.5. Mockup  

In this section, the analytical system is validated by creating and discussing a mockup of the system. 

Since the data access application is the only visible part of the system for end users, the mockup only 

includes a version of the proposed data access application (i.e. a dashboard application). This was 

presented to the relevant stakeholders and discussed afterwards.  

 

One arbitrary stakeholder group was chosen to develop the mockup for, which was the scientific 

department of Congress Consultants. The user interface of the dashboard regarding session attendance 

was created. A real dataset of the annual congress of 2019 was used to create the mockup, which can 

be found in Figure 34. The graphics are modeled according to the guidelines of Jarvenpaa & Dickson 

(1988), as described in section 2.2.2. The mockup presents a dashboard user interface, where the end 

users would be able to select an event, a session type and a specific session to analyze by using three 

‘search and select’ bars. The charts show the numbers of the required metrics for the session 

attendance analytics. The dashboard displays certain numbers of interest (e.g. unique participants, 

number of session visits etc.) for the selected event at the top of the dashboard to present an 

immediate overview.  

 

 
Figure 34: Session attendance dashboard user interface mockup for the scientific department 
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Conclusions and recommendations that came forward during the system validation are discussed 

below. Besides the validation whether a dashboard is a sufficient solution for the system 

requirements, other interesting points that came forward are discussed as well (although these are 

mostly practical for the EAU). Based on the evaluation of the mock-up, the following conclusions and 

recommendations can be drawn: 

 A dashboard application as presented meets the requirements of this stakeholder group. 

However, the dashboard application needs to be interactive. End users need to be able to 

select a section of data and analyze this in further detail. For example, end users should be 

able to select ‘junior members’ in the member type category and the relevant values for this 

sub-section should be shown in the other graphs. Hence, although the dashboard consists of a 

collection of certain constant measures, the user interface should not be static and allow end 

users to be flexible in their analysis. 

 A dashboard manual should be provided, with an explanation of how to use the dashboard 

and its possibilities. This could be provided by adding guidelines to the user interface.  

 The information provided in software systems is only as useful as the data that goes in (also 

called “garbage in, garbage out”). In this case the “member types”, “age group” and 

“profession” charts show a large bar labeled “N/A”. This probably means that a large part of 

event participants’ data is unknown. It is questionable how useful this information is.  

 

These points are points of attention for the EAU. Notice how these points all relate to non-functional 

requirements. The first recommendation relates to a non-functional requirement not yet mentioned in 

section 4.3.4 namely flexibility, which allows end users to perform flexible querying (Paim & Castro, 

2002). The second point relates to the operalization of the user friendliness requirement as already 

mentioned in the goal interdepency graph of Figure 24. The last requirement has to do with data 

accuracy and the quality of data, which was proven to be important for the stakeholders based on the 

non-functional requirement  

4.6. Conclusions on the case study  
During the initialization phase of this case study, the initial stakeholders were determined and 

described. This resulted in a fairly long list of stakeholders that expressed to expect having a need for 

analytical information.  

 

In the ‘as is’ phase of this chapter, the current analytical process and data supply was analyzed. The 

current data sources were mapped and statistical reports were used to show the current relevant 

information for the EAU. Furthermore, based on the current analytical process of the EAU, it was 

observed that the EAU currently is at a low level of business intelligence maturity.   

 

During the ‘to be’ phase the requirements of the desired system were collected. Based on the inclusion 

criteria that were determined beforehand, some departments were excluded from the project. Other 

departments were excluded because they were not able to find time for interviews. Within this new 

scope, the final requirements were determined.  

 

First, the final informational requirements were determined. Descriptive analytics were required and 

the information need was on the tactical level. A large part of the informational requirements was 

about the organization’s ‘customers’ (registrations, members, event/session/course participants, 

abstract submitters). It was required to map the profiles of these people, which includes information of 

for example their nationality and profession. The results of this information could lead to a better 

understanding of who the customers of the organization are. Another part of the informational 

requirements was about the events and session visits. It was required to map the popularity of the 

sessions and events by analyzing participant amounts. Furthermore, data analyses are required about 

the event abstracts submissions and membership and registration finances. The information 

requirements that were brought forward could be satisfied by using the current data sources.  
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Subsequently, the collected functional and non-functional requirements were discussed and presented. 

The system should have a data analysis function, a data visualization function and an ad-hoc and 

parameter reporting function. For the interviewed employees, it was most important that the data are 

correct and timely. Furthermore, the company-wide availability of the system, confidentiality, user-

friendliness and response time were of importance. Possible operationalizations of these non-

functional requirements were discussed.  

 

During the modeling phase, the system was modeled based on the collected requirements. An 

analytical system that provides tactical information implies that a data warehouse structure is needed. 

An end user application in the form of a dashboard application fits the need for descriptive analytics 

and the need for a data analysis, data visualization and reporting function. The architecture of the 

dashboard application with an underlying data warehouse structure is provided according to the 

structure of Kimball et al., (1998) and Inmon (2005). The structure of Kimball et al. is recommended 

as the most fitting structure for the EAU.  

 

Lastly, a mockup was provided to validate the choice for the data access application. The choice for a 

dashboard was validated and important issues that surfaced were discussed. This led to a new non-

functional requirement, namely flexibility, which allows end users to be flexible in their data analysis.  

Furthermore, it became evident that a high emphasis should lay in improving data quality, which is 

also mentioned as important success factor for implementing business intelligence. 

 

Apart from the technological point of view of the system, recommendations on the organizational side 

of the system are made. Matching the organizational maturity level of the EAU with the maturity level 

of the designed analytical system as much as possible, would lead to organizational benefits for the 

EAU. This would require for certain roles and actions from the organization. Sufficient project and 

change management, involved and committed top management and a capable business intelligence 

team should be provided. It is recommended to license the dashboard application and add a new 

function for the business analyst and change manager role and possibly data analyst.  
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5. Generalization 
In this section, the generalization of the system architecture is discussed. As mentioned in chapter 1, 

one of the goals of this project is to use the system that is designed in chapter 4 to develop a reference 

architecture. This reference architecture should be useful for professional associations. First, it is 

verified whether the architecture meets the criteria of a reference architecture and second, the 

analytical needs of the EAU are compared with other professional associations to possibly improve 

the architecture. Lastly, the reference architecture design is presented.  

5.1. Concrete and reference architectures  

According to Grefen (2016), a reference architecture is “a general design (abstract blueprint) of a 

structure for a specific class of information systems”. These general designs are developed in such a 

way that they can be applied and altered to specific situations. Because of the increasing complexity 

and size of information systems, reference architectures are perceived as necessary to provide 

structure into the definition, control and integration of system components (Zachman, 1987).   

 

According to Angelov, Grefen, & Greefhorst (2012), a reference architecture has a generic nature, as 

opposed to concrete architectures. Concrete architectures are designed for specific situations. Hence, 

for an architecture to be classified as a reference architecture, it should not be context-specific and 

must be applicable in multiple organizations. By designing information system architectures at a high 

level of abstraction, concrete architectures can become general.  

 

A reference architecture makes use of architectural patterns, which are “generally recognized 

recurring (sub)structures that are used to describe part of the overall structure of an architecture” 

according to (Grefen, 2016). These patterns can be reused when they have proven to be helpful in the 

design of good architectures. A reference architecture also makes use of architecture styles, which 

“define characteristics of the overall structure of architecture models” (Grefen, 2016).  

 

Both of the alternative system designs presented in chapter 4 make use of architectural patterns and 

styles. In both Kimball et al. and Inmons designs, the star diagram is used as a pattern for the 

dimensional data models. The star diagram is a pattern that has proven to be useful for analytical data 

models and is commonly used for data warehousing systems (Grefen, 2016).  

Other patterns that are used are the shared database pattern for Inmon’s data warehouse and the shared 

bus pattern for Kimball’s data warehouse. Both of these patterns are commonly used patterns for 

transferring data and allow for data to be accessed by multiple users at the same time (Grefen, 2016), 

which should be realized with the analytical system. However, as mentioned, when multiple data 

marts use a shared database pattern in the data warehouse, data consistency is guaranteed, which is 

not the case for the data warehouse with the shared bus pattern. This makes a shared database pattern 

more suitable to provide a ‘single version of the truth’.     

 

The architecture styles of the designs are indicated with blue columns in Figure 31 and Figure 32. A 

typical data warehouse architecture makes use of the columned style as presented for both designed 

data warehouses (B. S. Chaudhuri, Dayal, & Narasayya, 2011; S. Chaudhuri, 1998; Grefen, 2016; 

Shariat, Florida, Hightower, & Florida, 2007). These columns typically consist of the data source, 

ETL, data warehouse, data mart, user access and metadata column. Hence, the designed structure 

complies with a typically used data warehouse style.  

 

Knowledge about the relevant domain is used for the reference architecture content. For the reference 

architecture of this project, the domain is the non-profit professional association. The relation between 

domain knowledge, patterns, reference and concrete architectures can be found in Figure 35. As can 

be seen in the figure, domain knowledge, together with styles and patterns is used to create a reference 

architecture.  
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Figure 35: The reference architecture process (Grefen, 2016) 

The EAU architecture as proposed in chapter 4 is free of context details. There are no specific 

elements relating to urology and there are no other elements that are EAU-specific. The relevant use 

of styles and patterns (as discussed above) in combination with the fact that the architecture is 

context-free, leads to the conclusion that the architecture that is designed for the EAU qualifies as a 

reference architecture. In the next section, the domain knowledge is enlarged by interviewing two 

professional associations.  

5.2. Comparison with other professional associations 

Two organizations are used to compare the informational needs and improve the domain knowledge 

of the architecture. Both of the organizations are (international) healthcare professional associations; 

the European Association for Urological Nurses (EAUN) and the European Society for Radiotherapy 

& Oncology (ESTRO). A contact person of both organizations was interviewed about their analytical 

requirements. Based on their analytical requirements, the data models for the reference architecture 

were determined. By using the criteria of Breslin (2004) again, it was decided which data warehouse 

structure as discussed in chapter 4 was more sufficient for the reference architecture.  

 

The EAUN has about 3000 members. For the first organization, the general manager is interviewed. 

The same interview protocol is used as for the EAU, as can be found in Appendix V. The exact 

interview results can be found in the requirement engineering document (Krutzer, 2019b). In Table 

14, a general overview of the EAU informational requirements can be found in the first two columns. 

In the third and fourth columns, the informational requirements of the EAUN and ESTRO are 

presented. As can be concluded from the table, the requirements of the EAUN are very similar to the 

requirements of the EAU employees.  

 

ESTRO has about 8000 members. Due to time limits, the interview protocol for the second 

organization was different. The collected requirements of the EAU employees were proposed and it 

was questioned whether these requirements were relevant for organization E, as well. As can be seen 

in Table 14, organization E confirmed these requirements however, multiple other questions were 

added. The contact person stated the following other informational requirements:  

 How many members do not renew their membership if they do not attend an event?  

 How many people attend the annual congress every year, how many once every two years? 

 Do people become members for the first time because they attend at least one event? 

These added informational requirements of ESTRO imply that a data mining tool is necessary, since 

these requirements imply that it is desired to discover behavioral patterns of members and event 

participants.  

 

In Table 15, the analytical need of both organizations was rated against the criteria of Breslin (2004). 

As can be concluded from the table, the design according to Kimball et al. fits the EAUN best. 

ESTRO has elements of both structures, however most match the criteria of Kimball et al. Based on 

this table, it is chosen to model the data warehouse of the reference architecture according to the 

design of Kimball.  
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Table 14: Informational requirements from the EAU, the EAUN and ESTRO 

Subject Data analysis EAUN ESTRO 

Members Member trends  X X 

 Member profiles X X 

 Member finances X X 

Event registrations Event registration forecast X X 

 Registration profiles  X 

 Registration finances  X 

Events Course/session participant profiles X X 

 Course/session popularity X X 

 Popular days  X 

 Popular times  X 

Abstracts Submitter profile X X 

 Abstract acceptance  X X 

 Forecast abstract submissions  X 

Table 15: Data warehouse criteria applied to the EAUN and ESTRO (Breslin, 2004) 

Criteria Kimball et al.  Inmon EAUN ESTRO 

Nature of the 

organization’s 

decision support 

requirements 

Tactical Strategic Tactical Tactical and  

strategic  

Data integration 

areas 

Individual business 

areas 

Enterprise-wide 

integration 

Individual 

business areas 

Individual 

business areas 

and enterprise-

wide 

Structure of 

data 

KPIs, business 

metrics, performance 

measures and 

scorecards 

Non-metric data 

and for data that 

will be applied to 

meet multiple and 

varied information 

needs 

Metrics Metrics 

Scalability Need to adapt to 

highly volatile needs 

within a limited 

scope 

Growing scope and 

changing 

requirements are 

critical  

Need to adapt to 

highly volatile 

needs within a 

limited scope 

Need to adapt to 

highly volatile 

needs within a 

limited scope 

Persistency of 

data 

Source systems are 

relatively stable 

High rate of change 

from source 

systems 

Source systems 

are relatively 

stable 

Not included in 

research 

Staffing and 

skills  

Small teams of 

generalists 

Larger team(s) of 

specialists 

Small teams of 

generalists 

Small teams of 

generalists 

Time to delivery Need for the first 

data warehouse 

application is urgent 

Organization’s 

requirements allow 

for longer start-up 

time 

Need is urgent Need is urgent 

Cost to deploy Lower start-up costs, 

with each subsequent 

project costing about 

the same 

Higher start-up 

costs, with lower 

subsequent project 

development costs 

Not included in 

research 

Not included in 

research 
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5.3. The reference architecture design  

For the design of the reference architecture, the architecture level of the BOAT framework is relevant, 

since this includes the actual analytical system design. The reference architecture is designed on level 

2 of the abstraction and level 1 of aggregation dimension. Furthermore, the data and software aspect 

are taken into consideration for the reference design. It is likely that the size of other professional 

associations is different, which has an effect how many employees can be put on the system project. 

Since this is organization-dependent, no organization design is provided on how the project should be 

executed.  

  

The software aspect of the reference architecture can be found in Figure 36. The proposed reference 

architecture looks similar to the EAU design that is based on the data warehouse structure of Kimball 

et al. The structure of Kimball et al. is chosen, based on the criteria that are provided by Breslin, 

(2004) as can be found in Table 12 and 15.  

 

The data source column is generalized, because the necessary data might originate from other data 

sources in other professional associations. For example, some professional associations might 

outsource the event registration organization, which makes ‘registrations’ an external data source.   

Because the requirements of the two other professional associations were similar to the ones of the 

EAU, the same data marts are used for the reference architecture. However, by interviewing the two 

other professional associations, it became evident that the reference architecture should be extended 

by adding a data mining application. This application is added to the user access layer. Based on the 

requirements of ESTRO, the data mining application should receive data from the event registrations, 

session attendance and membership subscription data marts to fulfill the informational requirements.  

 

 
Figure 36: Analytical system reference architecture for professional associations 
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The data model of the data warehouse can be found in Figure 37. By interviewing the other 

professional associations, again it was confirmed that the data design for the EAU was free of context-

specific details. This means that the EAU data model design can be used for the reference architecture 

as well. Adding the data mining application did not have any effects on the data model used for the 

EAU. According to Kimball, granular, unaggregated data is necessary to perform data mining. This 

data is provided by the individual transaction fact tables, since transaction fact tables enable 

examining sequential behavior. Hence, data mining can be executed on data from the designed data 

warehouse (Kimball et al., 1998). Furthermore, the data mining requirements did not require 

additional data entities or dimensions that are currently not existent in the Oxygen database. 

 

It can be concluded that the architecture that was designed for the EAU can be used as a reference 

architecture for analytical systems in the domain of professional associations, by extending the design 

with a data mining tool and by making the data sources non-EAU specific.  

 

 
Figure 37: Data warehouse data structure reference architecture for professional associations  
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6. Discussion 

In this last chapter, conclusions about the project are drawn, limitations of the project are discussed 

and future research directions are proposed.  

6.1. Conclusions and recommendations  

The result of this project is an analytical information system architecture for the EAU, which can be 

used to implement business intelligence. This architecture was generalized for professional 

associations in general and made into a reference architecture. The EAU analytical system 

architecture was designed by determining the informational, functional and non-functional 

requirements for the analytical system, as indicated by the identified stakeholders. A comprehensive 

requirement engineering process, specific for this project, was set up by combining existing 

requirement engineering methods and models.  

 

The tactical nature of the informational requirements implied that the system should have a data 

warehouse structure. The data and system design of two design alternatives were provided, which 

were based on two different data warehouse design methods. The first data warehouse design makes 

use of multidimensional structured data marts that form a data warehouse through a shared bus 

pattern, according to the design of Kimball et al. (1998). The second data warehouse design connects 

data marts and a data warehouse by making use of a shared database pattern according to the design 

of Inmon (2005). For the EAU, it is recommended to make use of the first design. The EAU can use 

the proposed data warehouse design as a blueprint to implement tactical decision support. The need 

for descriptive analytics, visualization and reporting makes a dashboard tool a sufficient solution for 

the data access applications. Making use of a dashboard as a solution was confirmed by one 

stakeholder group. It is recommended for the EAU to confirm this with all stakeholders.     

 

Implementing the system for all professional and administrative employees of the organization can 

change the current laborious data analysis process into a more efficient and effective one. Employees 

no longer have to execute the data analyses themselves and thus data analysis know-how is no longer 

necessary. With a dashboard application, end users are able to perform data analyses. They are able to 

visualize data and can create reports for presentations. Furthermore, implementing the proposed 

system architecture can lead to a better understanding of who the members of the EAU are, who visits 

the events and who sends in abstracts. End users are able to gain insight in which sessions and courses 

are most popular. Financial analyses for events and members can be provided as well.  

 

For the system implementation, several recommendations are made. Management should be more 

involved to successfully implement the system. Furthermore, it is recommended to add a function to 

the current data warehouse team that takes on the roles of business analyst, change manager and 

possibly data quality analyst. For every stakeholder group, a business representative should be 

assigned to keep track of the system needs within that group. The professional side of the organization 

should be included into the project and be given access to the system as well. This is required by the 

professional stakeholders and recommended since the people of this part of the organization need to 

make important decisions and are the initiators of multiple data analysis requests. Lastly, it is 

recommended to license an existing dashboard application. 

 

Lastly, a reference architecture for professional associations was created by generalizing and 

improving the EAU architecture. Two professional associations were interviewed about their 

informational requirements. The result of this was more insight into the analytical needs of 

professional associations and a reference architecture for analytical systems. The reference 

architecture is a slightly more abstract version of the EAU design, since it is not EAU context-

specific. Based on the needs of the other professional associations, a data mining application was 

added to the reference architecture.  
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6.2. Discussion of limitations 

In this part, the limitations of this study are discussed. First of all, this study was limited to certain 

aspects and dimensions from the design cube of Grefen (2016). Not all aspects and dimensions are 

taken into consideration for the architecture designs. For example, the technology dimension of the 

BOAT framework was out of scope, which means that before system implementation is possible, 

technical specifications are necessary.  

 

During the ‘as is’ phase it was determined that the EAU is currently on a low level of business 

intelligence. Professional associations that are already on a higher level might have different 

requirements (KPIs, for example) for the system. It is likely that this has caused for the proposed 

reference architecture to be predominantly useful for professional associations that fall within a low 

business intelligence maturity level. 

 

The third limitation follows from the used prioritization method. During the negotiation activity, 

requirements were prioritized. Based on criteria that were relevant for this project, the prioritization 

method of choice was numerical assignment. Stakeholders ranked their requirements on a scale from 

critical to optional, based on the by them perceived importance. In hindsight, this method had some 

limitations. It is questionable how reliable the assigned importance is, since it is likely that the 

importance of informational requirements is time-dependent. Since the prioritization process took 

place some weeks before the annual congress, it is likely that the indicated importance was much 

related to the organization of this congress.  

 

The next limitation has to do with the chosen data warehouse design for the reference architecture. 

The data warehouse structure according to Kimball et al. (1998) was chosen based on the nature of the 

requirements, data integration areas, structure of data and staffing and skills requirements, as 

proposed by Breslin (2004). However, it is likely that the recommended choice for a data warehouse 

structure also depends on the legacy system, the available budget and the perceived advantages and 

disadvantages of both structures by the organization. Although a small sized IT department seems 

common in professional associations (based on the organizations researched in this project), it is 

likely that the size of the IT department is organization-specific. An association with more members is 

likely to have a bigger IT department. The same holds for the available budget; it is likely that an 

association with more members has a bigger budget available. This makes it arguable whether the 

Kimball et al. data warehouse structure is the best solution for all professional associations.  

 

Furthermore, although the data mining application is an optional part of the reference architecture, a 

small sized IT department also makes it arguable whether to add a data mining tool to the system. 

Implementing a data mining application requires employees to have data mining knowledge, which 

might not be present in the organization.  

 

Lastly, due to time limits on the organization’s side, it was not possible to interview some of the 

stakeholders of the initial scope. Especially the lack of information from the executive management 

may have led to an incomplete overview of the requirements. This may have led to the conclusion that 

the EAU mainly had tactical requirements, because the strategic layer of the administrative part of the 

organization was not interviewed.  

6.3. Future research 

A couple of directions for future research are recommended next. The first recommendation for future 

research is to perform more case studies to validate the proposed reference architecture. This study 

took three international professional associations into consideration in the field of healthcare. 

Although the proposed reference architecture is healthcare-context free, it is recommended to include 

other non-healthcare related professional associations into this research and national associations as 

well, to examine what kinds of informational requirements are relevant for these organizations. As 

mentioned, it is also recommended to evaluate organizations of a bigger size.  
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Furthermore, it is recommended to research whether the proposed reference architecture is also 

applicable in other kinds of membership organizations. It is likely that professional associations 

perform similar organizational functions as other types of membership organizations, which could 

mean that the same data analyses are relevant. This should be validated by examining case studies of 

membership organizations.    

 

Recommendations for the methodology are proposed. Multiple authors claim that requirement 

engineering should be different for analytical and operational systems. However, it seems that some 

parts of the requirement engineering process are not analytical system specific. For example, no 

prioritization methods were found that were specifically developed for analytical systems. 
Furthermore, requirements engineering methods for analytical systems were lacking in certain 

activities. It would be interesting to see requirement engineering methods that contain all activities 

and requirement artifacts that prove to be effective, specifically in the analytical system context.  
 

Lastly, as mentioned in chapter 1, business intelligence could be used as a base for knowledge 

management. Further research should be conducted about whether the proposed reference architecture 

could be used for knowledge management in professional associations.  

6.4. Reflection 

This section of the report reflects on the research process and discusses experienced challenges that 

occurred during the project. The first challenge that occurred during the project was the alignment of 

the project’s practical nature with an academic point of view. This problem was tackled by relating 

scientific literature to the project and by adopting an extensive methodology supported by models and 

methods used for requirement engineering, found in the literature. This resulted in the requirement 

engineering framework of Pohl (2010) and the requirement engineering method of Winter & Strauch 

(2003) being adopted for this project. Overall, the method used in this project was successful in 

retrieving requirements and analyzing currently used data and data analytics. However, the method of 

Winter & Strauch needed much alterations, additional methods and models to turn it into a complete 

method. This makes it arguable whether solely defining the methods and models for the activities and 

artifacts of Pohl’s framework would lead to similar results, which would make it unnecessary to adopt 

a requirement engineering method like the one of Winter & Strauch.  

 

In hindsight, some of the chosen methods for the activities of Pohl’s framework might not have been 

the most suiting choice. As mentioned, the prioritization method of the negotiation activity might not 

have been the best choice due to the time factor possibly influencing the prioritization outcomes. 

Furthermore, the choice for the goal modeling method is substantiated and served its purpose by 

showing the collected informational requirements. However, it might seem like the bigger picture is 

missing in the goal models due to its focus on business processes. For example, the models show 

decisional processes like ‘analyze session popularity’, however the ‘greater’ (i.e. strategical) goal of 

these processes is not presented by these models. This could be prevented by adapting a goal 

modeling method towards a model that would present strategic goals, but not necessarily performance 

measurements or KPIs (which was currently not found in the literature).   

 

Determining the methods and models used for the project caused the most unexpected time 

consumption since a lot of literature search was necessary. For example, finding and deciding about 

the goal models that represented the requirements well was a challenge. Another time-related 

challenge was due to the big project scope. Waiting for responses, interviewing all of the stakeholders 

and processing the interview results took up a lot of time. Although the stakeholders were scoped 

again during the negotiation activity, the project still involved a large number of stakeholders. This 

could be mitigated by determining a clearer and smaller scope beforehand, and to not let the scope 

depend on the employees’ own estimated analytical need. 

The most important lessons learned during this project are about: taking timely decisions, setting clear 

project boundaries beforehand and having clear communication about expectations.  
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Appendix II Data access applications  
For analytical systems, different tools and applications are developed from where end-users can 

access data for the purpose of data-driven decision making. These applications retrieve and 

manipulate information stored in databases to help formulate decisions by analyzing available data 

(Hedgebeth, 2009). Often, the functionalities of these tools overlap and their definition differs 

throughout practice and literature. The aim here is to give a general overview of several categories of 

developed applications. These are the following:  

 Dashboards applications. Dashboards are tools for the visualization of important business data 

presented in the form of graphic indicators, charts and tables. Often, they are used for key 

performance indicators and historical trends (hence, descriptive analytics). They enable 

managers to better assess information and better understand their business. Dashboards can be 

used for decision-making at every organization level (Olszak, 2016).  

 Interactive visualization applications. These applications enable decision makers to explore 

ideas, investigate patterns, and share this throughout the enterprise with the goal to make 

better decisions. These tools have graphical presentation options to present information 

(Olszak, 2016).  

 Data mining applications. Data mining is “the application of specific algorithms for extracting 

patterns from data” (Fayyad, Piatetsky-shapiro, & Smyth, 1996). Data mining applications are 

used to find patterns and relationships in data sets. Data mining applications are mostly used 

to make predictions, classifications and clusters (B. S. Chaudhuri et al., 2011). 

 Reporting tools. Reporting tools can provide fixed reports, parameter reports or ad-hoc 

analysis. Standard reports are fixed reports scheduled and provided on a specific point in time 

to end-users. Parameter reports have a fixed layout and can be provided on the base of user 

requests, requiring some input parameters. Ad-hoc reports can be created by end users on the 

spot, from scratch or starting from an existing standard (Balalaceanu, 2007).  

 

As mentioned, these applications may overlap in functionality. For example, there are developed  

dashboard applications that offer interactive visualization. Furthermore, most developed applications 

have a reporting option.  

 

 



82 

 

Appendix III Search terms 

For all searches, Web of Science and Scopus are used as database.  

 

Overall RE method 

 

(requirement engineering) AND (method OR approach OR technique) AND (business intelligence 

OR business analytics OR data warehouse OR analytical system OR decision support system OR 

management information system)  

 

Elicitation 

 

(requirement elicitation OR requirement gathering) AND (method OR approach OR technique) AND 

(business intelligence OR business analytics OR data warehouse OR analytical system OR decision 

support system OR management information system) 

 

(interview OR questions) AND (protocol OR questions OR approach OR technique) AND 

(requirement engineering OR requirement gathering OR elicitation) AND (business intelligence OR 

business analytics OR data warehouse OR analytical system OR decision support system OR 

management information system) 

 

Negotiation 

 

Negotiation AND (method OR approach OR technique) AND (business intelligence OR business 

analytics OR data warehouse OR analytical system OR decision support system OR management 

information system) 

 

Prioritization AND (method OR approach OR technique) AND (business intelligence OR business 

analytics OR data warehouse OR analytical system OR decision support system OR management 

information system) 

 

Goal models 

 

(Goal-oriented OR goal-based) AND (model OR technique OR method) AND (requirement 

engineering OR requirement gathering OR elicitation) AND (business intelligence OR business 

analytics OR data warehouse OR analytical system OR decision support system OR management 

information system) 

 

Scenario Models  

 

Scenario AND (model OR technique OR method) AND (software OR information system OR 

business intelligence OR business analytics OR data warehouse OR analytical system OR decision 

support system OR management information system) 

 

Solution-oriented models 

 

(Requirement documentation) AND (model OR technique OR method) AND (software OR 

information system OR business intelligence OR business analytics OR data warehouse OR analytical 

system OR decision support system OR management information system) 

 

(software requirement specification)  
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Validation 

 

Validation AND (method OR approach OR technique) AND (business intelligence OR business 

analytics OR data warehouse OR analytical system OR decision support system OR management 

information system) 

 

Prototype AND (method OR approach OR technique) AND (software OR information system OR 

business intelligence OR business analytics OR data warehouse OR analytical system OR decision 

support system OR management information system) 
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Appendix IV Non-functional requirements for business 

intelligence systems according to Schieder & Gluchowski (2011) 
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Appendix V Interview protocol 
 

A. INTRODUCTION 

• Discuss data warehouse project objectives and overall status. 

• Discuss interview goals (e.g., focus on business requirements, talk about what youdo, what you want 

to be doing, and why) and interview flow. 

• Introduce interview team and roles. 

• Confirm time available. 

• Describe next steps following interview 

 

B. RESPONSIBILITIES 

1. Describe your organization and its relationship to the rest of the company. 

2. What are your primary responsibilities? 

 

C. BUSINESS OBJECTIVES AND ISSUES 

3. What are the objectives of your organization? What are you trying to accomplish? What are 

your top priority business goals? 

4. What are you success metrics? How do you know you’re doing well? How often do you 

measure key success factors? 

5. What are the key business issues you face today? What prevents you from meeting your 

business objectives? What’s the impact on the organization? 

6. How do you identify problems/exceptions or know you’re headed for trouble? 

7. Describe your products (or other key business dimension such as customer, vendor, etc.). 

How do you distinguish between products? Natural way you categorize products? How would 

you narrow a list of thousands of products? 

8. How often do these categorizations change? What should happen with your business analysis 

following a change? 

 

D. ANALYSES REQUIREMENTS 

9. What type of routine analysis do you currently perform? What data is used? How do you 

currently get the data? What do you do with the information once you get it? 

10. What analysis would you like to perform? Why, what is the goal?  Are there potential 

improvements to your current method/process?  

11. What type of on-the-fly analysis do you typically perform? Who requests ad hoc analysis? 

What do they do with the analysis? Do you have time to ask the follow-up questions? 

12. Which reports do you currently use? What data on the report is important? How do you use 

the information? If the report were dynamic, what would the report do differently? 

13. What analytic capabilities would you like to have? Why, what is the goal?  

14. Are there specific bottlenecks to getting at information? 

15. How much historical information is required? 

16. What opportunities exist to dramatically improve your business based on improved access to 

information? What’s the financial impact? 

 

E. NON-FUNCTIONAL REQUIREMENTS 

17. How fast should the system respond to your queries? 

18. How much of the time should the data be accurate? What happens when data is not accurate?  

19. Do you want to be flexible when using the system and ask ad hoc questions? 

20. Do you make use of confidential data?  

21. What other requirements for the systems do you have? 

 

F. WRAP-UP 

• Summarize findings heard. 

• What must this project accomplish to be deemed successful? Criteria must be measurable. 
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• Thank participants. 

• Describe next steps (e.g., draft interview write-ups available within week) and upcoming 

opportunities for user involvement. 
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Appendix VI Goal models 

ESU and Education office  
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Scientific office (administrative and professional)  
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Registration office 
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Abstract office 
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International relations office 
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Sales department 
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Appendix VII Facts and dimensions according to Kimball et al. 

(1998) 

Fact table: In a star schema (dimensional model), the central table with numeric performance 

measurements characterized by a composite key, each of whose elements is a foreign key drawn from 

a dimension table. 

 

Factless fact table: A fact table that has no facts but captures certain manyto-many relationships 

between the dimension keys. Most often used to represent events or provide coverage information that 

does not appear in other fact tables. 

 

Transaction fact table: Type of fact table in which the fact table granularity is one row for the lowest 

level of detail captured by a transaction. A record in a transaction fact table is present only if a 

transaction event actually occurs. 

 

Periodic snapshot fact table: A type of fact table that represents business performance at the end of 

each regular, predictable time period. Daily snapshots and monthly snapshots are common. Snapshots 

are required in a number of businesses, such as insurance, where the transaction history is too 

complicated to be used as the basis for computing snapshots on the fly. A separate record is placed in 

a periodic snapshot fact table each period regardless of whether any activity has taken place in the 

underlying account. 

 

Accumulating snapshot fact table: Type of fact table with multiple dates representing the major 

milestones of a relatively short-lived process or pipeline. The fact table is revisited and updated as 

activity occurs. A record is placed in an accumulating snapshot fact table just once, when the item that 

it represents is first created. 

 

Conformed facts Facts from multiple fact tables are conformed when the technical definitions of the 

facts are equivalent. Conformed facts are allowed to have the same name in separate tables and can be 

combined and compared mathematically. If facts do not conform, then the different interpretations 

must be given different names. 

 

Audit dimension: The audit dimension is constructed during the extract process in the data staging 

area. An audit dimension can be used to accurately track the lineage of individual records in the fact 

table.  

 

Conformed dimensions: Dimensions are conformed when they are either exactly the same (including 

the keys) or one is a perfect subset of the other. Most important, the row headers produced in answer 

sets from two different conformed dimensions must be able to be matched perfectly 

 

Many-valued dimension: Normally, a fact table possesses only connections to dimensions 

representing a single value, such as a single time or a single product. But occasionally, it is valid to 

connect a fact table record to a dimension representing an open-ended number of values, such as the 

number of simultaneous diagnoses a patient may have at the moment of a single treatment. 

 

Role-playing dimension: The situation where a single physical dimension table appears several times 

in a single fact table. Each of the dimension roles is represented as a separate logical table with unique 

column names through views. 

 

Junk dimension: An abstract dimension with the decodes for a group of low-cardinality flags and 

indicators, thereby removing the flags from the fact table. 
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Appendix VIII Fact model designs  

Entitlement fact fables:  

 

Event registration fact models:  
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Event registration financial fact models:  

 

Membership subscription fact models: 

 


