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Due to the formulation of the research questions, two research objects can be defined. One object 
is the application of requirements management in the construction industry. The other research 
object is a new end-to-end framework that enables construction companies to apply formal 
requirements management to their projects. In section 2.1, the chosen research methodology is 
described to support the research process with the aim of answering the stated research 
questions. 

Please note: Research questions 1 to 3 are the main research questions whereas research question 
4 is a supporting research question.  
 
The “Chain of arguments” in relation to the research questions can be seen in Figures 1a and 1b. 
The “chain of arguments” describes the necessary steps to develop and validate the RMF. The 
figures also show the coverage of the research questions. 
 

 
 
Figure 1a: “Chain of arguments” and coverage of the research questions 
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Figure 1b: “Chain of arguments” and coverage of the research questions – continued 
 
To facilitate reading the thesis an outline is given in the following section. 

1.5 OUTLINE OF THE THESIS 
The introduction, section 1, contained the background for the research along with the definition of 
key terms, aim, scope, and research questions. The research approach is discussed in section 2. It 
contains the chosen research methodologies and the plan for the research. Section 3 provides an 
overview of the different theories used to form the basis for this research. The practical basis is 
described in section 4. Section 5 contains the results of the research. The results are presented via 
seven scientific articles labelled Article 1 to 7 and an additional sub-section. The conclusion is 
found in section 6, in which the research questions are answered. In the same section the 
achievement of the research goals is evaluated and implications on industry and society are 
discussed. Section 7 proposes future research and concluding remarks are made in section 8. 
References are listed in section 9. Appendices are found in section 10 and section 11 contains the 
scientific articles produced in this PhD project.  
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Table 1: Overview of the content of the individual articles 
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Figure 6: Steps for making and validating the RMF (Figure taken from Wörösch and Mortensen 
2014, p. 5) 
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On a high level, the decision theory was applied to the case project when not enough resources 
were available to develop three product platforms at the same time (which product platform to 
put on hold) and when building projects were prioritized over each other. 

3.1.5 THEORY OF TECHNICAL SYSTEMS 
In their theory of technical systems (TTS) Hubka and Eder (1988) describe a framework for 
understanding products and other artefacts as technical systems. The theory describes how a 
transformation of an operand takes place on the basis of a relation between the technical system, 
the human system, the information system, and the management and goal system, all of which 
are affected by the environment. The operand is the object of transformation, i.e. the object 
changes state during the transformation. Figure 7 depicts a model of Hubka’s and Eder’s 
transformation system. 

 

 
 
Figure 7: Model of the transformation system (Hubka and Eder 1988, p. 24)  

Two kinds of processes are found in a transformation system: (1) a technical process which 
transforms the operand, and (2) an action process delivering an effect to the technical process. 

In order to show the boundaries of the terms they use for describing the TTS more clearly, Hubka 
and Eder show a hierarchy of systems according to their origin. This hierarchy relates technical 
systems to other types of systems and can be seen in Figure 8. A system consists of elements and 
can therefore be broken down. A system can also be an element of a larger system. 
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Figure 8: Hierarchy of systems (Hubka and Eder 1988, p. 8) 

The TTS is important to this research as it provides a means for understanding and describing a 
technical system.  

Pedersen (2010, p. 59) argues that “a product platform can be perceived as a set of technical 
systems that can be altered and / or combined into instantiations (configurations) of single 
products”. As this research project and the case project attached to it deal with product platforms 
the TTS is highly relevant here.        

The TTS was also applied when analyzing the production of sandwich panels in the case project.  

Example: Raw material came into the factory (operand 1) and was transformed into sandwich 
panels (operand 2). Considering the production as a system made analyzing it easier and helped 
with understanding the connection to its surrounding systems. 

3.1.6 THEORY OF DISPOSITIONS 
The concept of dispositions was explained by Andreasen and Olesen in 1990. Later (1992) Olesen 
expanded the concept of dispositions into the theory of dispositions. 

“The theory of dispositions treats relationships between parameters of a product and the 
parameters of the systems which are realizing the product and which the product meets during its 
life. When the theory is used during design the designer tries to foresee parameter relationships 
and choose the parameters of the product which optimize the conditions during production and 
product life” Olesen (1992, abstract). 
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Olesen (1992, p. 53) defines a disposition as: “...the part of a decision taken within one functional 
area that affects the type, content, efficiency or progress of activities within other functional 
units”. Andreasen (2007) explains a functional area as a ‘function unit’ in a company or as an 
activity in the life of the product. 

Welsh and Dixon (1991, p. 61) found out that: “Conceptual design is the driving factor in 
determining product quality and time to market, and it is estimated that 60% of all life cycle costs 
are fixed during conceptual design. Downstream processes such as detailed design, manufacture, 
and inspection cannot make up for poorly developed conceptual design”. 

According to Olesen (1992), dispositions are measured in terms of their effect on the universal 
virtues during development. Therefore a score model can be set up. Using the model will lead to 
estimated costs. Those have to be compared to actual costs. The model is shown in Figure 9: 
 

 
 
Figure 9: “A score model which gives an overall view of all systems which dispositions affect 
when a product is developed” (Olesen 1992, p. 58) 
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Figure 10 shows the three domains in which a product can be viewed. 
 
 

 
 
Figure 10: Three domains in which a product can be viewed, from Andreasen (2011, p. 15)  

The theory of domains is an improvement of the TTS. The theory of domains seems to be the most 
up to date way of describing a technical system. The theory of domains is one way of describing a 
product’s functionality and how a user can apply that product. Furthermore, it forms a basis for 
identification of standard designs that are similar, which can be used as a basis for re-use of design 
and parts as well as for exploiting synergies; for example, assigning the same resources to similar 
design activities. Harlou (2006) believes that the coherence between the domains enables 
reasoning from purpose of the product to the physical realisation of the product. He also deems 
that such coherence for a product family will ease decision making about the necessary variety 
within a product family. 

On the case project the theory of domains was used for making the activity, organ, and parts view 
of the products (different types of buildings). Once those views were available they were used to 
re-use designs and thereby requirements between building types. Those views were also used to 
simulate what happens to an existing product architecture when new requirements are 
introduced. 

3.1.8 INTEGRATED PRODUCT DEVELOPMENT 
The framework of integrated product development as published by Andreasen and Hein (1987) is 
part of the overall strategic process of product planning. It describes the process as parallel and 
coordinated activities in the area of market, product and production. 
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Figure 12: A historic timeline of connovate showing the results of the development project 
(connovate 2013) 

connovate has its base in Denmark but is – via licensees – already active in South Africa. The 
strategy is to be a global player. Figure 13 shows the global strategy for the case company’s 
market presence.  

 

 
 
Figure 13: The global market strategy of connovate (connovate 2013) 

The aim is to be present on multiple continents with trademarks, patents, and domains to create a 
strong alternative to existing building systems.  
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