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 As the process of an empirical design study requires the conversion of primarily qualitative data into 
quantitative data, two data types are of use: nominal or ordinal. When quantifying originally 
qualitative data, it is important to define points on a data scale using a clear description. This will help 
the researcher and third parties (for instance if data is acquired via interview) better understand the 
reasons behind the decision, making a rational judgement rather than an unspecified rating anywhere 
on the scale. Figure 3 shows an example of an ordinal success quantification scale how it could look 
for an empirical research on development projects of mechanical engineering products. 
 The dimension of interest in this example is Product Requirement Fulfilment. The scale with 
definitions on every second scale point, helps to make the study independent from a specific source of 
data. When choosing the projects to be investigated for such a study, we must ensure that enough 
projects are available for the whole scale of low to high scores. A statistically valid conclusion cannot 
be derived if the sample set of projects is only on the high (successful projects) or only on the low end 
of the scale (less successful projects). The quantification of the effect is done independently from any 
cause. This, together with the clear definition of the scale, should allow for collection of data with a 
high degree of objectivity. 

2.2 Quantification of the causes 

The causes that subsequently lead to the effect in product development sum up to an extensive amount 
of data. A comprehensive literature research on what are Potential Success Factors for of engineering 
development projects lead to an Ishikawa-Diagram, consisting of a total of 63 causes (xn) in the six 
categories, for the domain Development Department. The Comprehensive Empirical Approach 
demands a quantification of all the causes in order to perform a hypotheses check against the effect. If 
a sample size of 50 projects (N) is considered for a study – which is a reasonable size to expect 
statistically valid results – the total amount of data points that have to be collected will be: 

.320050)163()( =×+=×+ NYxn  This number shows why comprehensive studies are so difficult 

and rarely conducted. We propose a systematic method of reducing the data size on the cause-side to a 
manageable figure without sacrifying comprehensiveness of the approach. This simplification is based 
on the following two considerations: 

• The results of the empiric study are intended to be of practical use for Development Project 
Leads and Engineering Managers working in the industry. Keeping this in mind, the data set 
can be reduced to the Potential Success Factors that can be controlled or at least influenced by 
these parties, i.e. Team Size or Team Composition. Team Leads will certainly be interested in 
results that suggest measures how to form productive teams. Conversely, certain Potential 
Success Factors, for instance, Creativity – which can be found in literature frequently – are 
difficult to be controlled or influenced by an Engineering Manager or Project Lead when 
setting up a Development Project. In addition, it has to be verified whether there is a way to 
quantitatively measure such a cause. In psychology, there is no common understanding or way 
of measuring Creativity. While it is commonly acknowledged as a personal trait, there are 
researchers that consider it as result of situational circumstances and the environment 
[Amabile 1996]. Therefore, the first reduction in the data sets relates to the practicality of the 
research results on the Potential Success Factors in the six categories. The reduction needs to 
be made with respect to the dimension of interest in the specific study.  

• Use of an iterative rather than a direct approach to determine Success Factors. Instead of 
quantifying each cause, it is possible to combine certain causes into groups, which are then 
quantified as one measure. This can be done by elaborating an Affinity Diagram. The idea of 
the Affinity Diagram is to group individual objects that share certain attributes into a higher 
level category. For instance, in literature, aspects of performing Conceptual Design are 
oftentimes mentioned as factors leading to design success, such as: breaking problems into 
sub-functions, use of creativity techniques for solution finding, finding of many alternative 
solutions, rough analysis in early stages, etc. A higher level category or cause, where all these 
single causes fit, can be found in Conceptual Design Performed. By defining one quantitative 
scale with respective definitions for this higher level cause, it is possible to evaluate in the 
hypothesis check if and to what extend the cause Conceptual Design Performed has 
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found to show a relationship to successful product design – if any are found – it can then be verified if 
these are of company specific or general nature. The results will be presented subsequently. 
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