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matrices. In context of the model of PGE - Product Generation Engineering, findings derive to ensure a 
comprehensive basis for decision-making concerning a variant-request. 
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1 INTRODUCTION 

Due to the increasing product individualization, systematic variant management is gaining in 

importance to react in a targeted manner to customer-specific variant requests in the quotation phase. 

With view to the provider, variants can lead both to an immense resource effort and to an  increased 

customer satisfaction. Above all, adjustments to the production and validation processes within the 

current product development of a product generation can emerge. Conflicts of objectives can result 

between the requirements of the customer and the provider. For this reason, it must already be checked 

in an early stage of variant implementation whether the goals, the requirements and the boundary 

conditions from both parties for a variant are consistent with each other. Among others, an available 

manufacturing concept as well as an existing testing concept of a product generation determine the 

decision to quote and to implement a variant. Besides the effects on the technical systems, a variant 

may add value regarding the business strategy.  Therefore, an overall assessment of the effects is 

useful to decide about a customer-specific variant. Evaluation criteria within the quotation phase of 

variants support to evaluate the consistency regarding the requirements. During the evaluation, a 

mutual influence between the evaluation criteria is inevitable. To identify next steps in the 

development process of a variant, the present investigation focuses on the analysis of 

interdependencies between defined evaluation criteria as well as on identifying decisive factors. In this 

sense, experts developed impact matrices. A scenario technique tool supports in interpreting the 

matrices. Levers with the most impact derive of the analysis which enforce a comprehensive and 

consistent evaluation of variants in context of the model of PGE - Product Generation Engineering. 

2 STATE OF THE ART 

2.1 Variant management in an early phase of product development 

The research field of variant management deals with the design, the management and the control of 

planned and unplanned variants in a company (Heina, 1999). The aim is to determine an optimal cost-

benefit ratio of the variety of variants (Rathnow, 1993). The number of planned variants is already 

defined within the development of a product, whereas unplanned variants are included in the product 

range due to increasing market pressure or customer-specific requirements (Heina, 1999). In addition 

to the positive effects of variants from a customer and provider perspective, the negative effects can be 

seen above all in form of increasing complexity in areas such as development, production and services 

(Kersten, 2002). Therefore, a target-oriented handling of variants reflects an essential potential in 

context of a successful product life cycle (Raubold, 2011). As a result, decision making has an 

immense impact on all phases of the product development process. Especially in an early stage, the 

specification of the product architecture is an important decision which has effects on the product 

design and subsequent processes of product development. In this context, decision making models are 

used to provide insight into and support for decision making situations. (Seram, 2013) 

Traditional methods for evaluation of product ideas are reaching their limits in the early phase of 

product development which is characterized by uncertainties and vague information. For example, 

manufacturability evaluation is subject to an uncertain and vague decision making process. As a result, 

a fuzzy decision model for manufacturability evaluation was developed which takes the multi-level 

and multi-goal requirements of manufacturing into account. (Jiang and Hsu, 2003) Due to a complex, 

uncertainty-affected and interdisciplinary product development, objectives have to be specified 

continuously during the development process. To deal with highly networked and dynamic objectives 

systematically, the degree of maturity, the degree of rigidity, the leverage and the impact are objective 

dimensions for characterizing them. (Albers et al., 2011) In a literature review, Seram (2013) 

identified existing decision making tools and methods which he categorized according to their 

purpose. The Analytic Hierarchy Process (AHP) can be used to select suitable design solutions and the 

Analytic Network Process (ANP) can be used for product concept evaluation (Seram, 2013). The AHP 

supports the selection of different action alternatives with the help of defined evaluation criteria based 

on a multilevel hierarchic structure. The further developed ANP takes into account the dependencies 

of a decision network. (Saaty and Vargas, 2006) The utility value analysis is another method for 

structuring complex decision problems (Kühnapfel, 2014). Due to a reasearch project, Kihlander and 

Ritzen (2009) analysed the differences between the methods developed in theory and those applied in 
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practice within the concept evaluation. Among other things, he states that mainly one concept is 

developed in practice. Methods in theory usually focus on the evaluation of several alternatives. 

(Kihlander and Ritzen, 2009) To investigate different scenarios of one concept, scenario technique 

tools are useful to analyse either potential future events based on a concrete status quo or potential 

future development trends based on concrete future events (Gausemeier et al., 1996). For example, the 

Scenario-ManagerTM 2013 serves to structure scenario fields systematically and to identify areas of 

influence while analysing impact matrices in a targeted manner. (Fink and Siebe, 2013) Based on 

indicators, a proposal of key factors may be derived which need to be discussed in a subjective 

selection process with the scenario team. In this context, key factors are a subset of the factors 

investigated with high relevance for the overall system. Indicators include the activity as the sum of 

the row values and illustrates the effect of a factor on all other factors. In contrast, passivity is the sum 

of the column values and describes how strong a factor is influenced by the others. The dynamic index 

is the product of activity and passivity and suggests the degree of networking of a factor in the entire 

system. The proactivity index is the quotient of activity and passivity and represents the degree of a 

factor’s leverage. (Fink et al., 2002)  

2.2 Product development in context of PGE - product generation engineering 

With regard to the entire organization, the development process of a new product generation can be 

modelled by the process model iPeM - integrated product development model (Albers et al., 2016a). 

Each of the (technical) systems (including further product generations, validation system, production 

system, strategy) are mapped in a layer of the iPeM. The basis for the iPeM is the system triple 

(Ropohl, 1975) (system of objectives, operation system, systems of objects). The operation system 

(including resources, methods, activities, etc.) transfers the objectives, the requirements, the boundary 

conditions and their independencies within the system of objectives into the systems of objects. 

(Albers et al., 2016a) All results generated in the development process, such as drafts, prototypes and 

above all the final product, are elements of the system of objects of the respective layer. The 

assignment of an element to the respective system of the system triple depends on the perspective view 

knowing the time, the purpose and the position of the observation (Meboldt, 2008). The model of PGE 

combines two core theses. On the one hand, every development of a new product generation is based 

on the combination of carryover variation (CV), embodiment variation (EV) and principle variation 

(PV), whereby the sum of GV and PV defines the share of new development. On the other hand, each 

product generation is developed based on reference products. (Albers et al., 2016b) Accordingly, in 

context of PGE, variants are product generations characterized, among other things, by a high share of 

CV (Peglow et al., 2017) which may include adjustments on existing technical systems. In the Early 

Phase of PGE an initial system of objectives is defined that implies the description of the customer, 

user and provider benefits in a product profile as well as an initial evaluation of the product profile 

(Albers et al., 2018). The quotation phase includes the identification of risks, the selection of lucrative 

projects and the overall cost calculation (Alfen et al., 2013). In context of variant management, the 

quotation phase in the automotive supplier industry is a specific Early Phase of PGE which begins 

with the request for quotation by the customer and ends with the submission of quotation by the 

supplier (Walch and Albers, 2014, Albers et al., 2018) (Figure 1). As a result of a previous knowledge 

exchange, an initial system of objectives of the product generation can be already defined at the time 

of request for quotation. 

 

Figure 1: Quotation phase of variants in PGE - product generation engineering 
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A technical and economic evaluation is available for submission of quotation. The aim is to check 

the consistency of the system of objectives containing objectives, requirements, boundary conditions and 

their interdependencies postulated by the customer and the provider. When dealing with a highly dynamic 

development environment, the evaluation process is subject to a project-specific degree of flexibility. 

(Peglow et al., 2019) The concrete system of objectives is the basis for the product specification. 

3 PRELIMINARY WORK 

The present investigation bears on existing research activities with an international automotive supplier of 

high-pressure pumps representing an implementation of the meta-model iPeM (chap. 2.2). To evaluate 

customer-specific variants within the quotation phase (chap. 2.2), a systematics including an evaluation 

process and a method for evaluation is developed. Five evaluation elements (i=1,2,3,4,5) are defined to 

check the consistency of the requested variant with the corresponding elements available at that time 

(product strategy, product design, testing concept, manufacturing concept, procurement concept). Each 

element belongs to a layer of the iPeM and form, inter alia, together the system of referenced elements. 

Due to the evaluation process, experts evaluate the time-independent evaluation elements product strategy 

and product design firstly. Depending on the customer-specific variant, the steering committee decides 

about the selection of further variable evaluation elements (testing concept, manufacturing concept, 

procurement concept). Accordingly, experts examine the chosen combination, whereby the evaluation is 

time-independent. (Peglow et al., 2019) The evaluation elements are among others characterized by the 

same method for evaluation with element-specific manifestations. In total, the evaluation is based on 30 

defined evaluation criteria. Of these, six (j=1,2,3,4,5,6) belong to each evaluation element. Exemplarily, 

the technical evaluation elements consider the (technical) realization effort. With regard to the 

manufacturing concept, the criterion focuses on the manufacturing technology. Concerning the testing 

concept, the criterion refers the testing and measuring technology. For all i=1-5, experts rank the effects 

for j=1-5 on a 4-point ordinal scale (very low, low, high, very high) and recommend the variant (j=6) with 

a binary decision. All 30 are included in the calculation of the Effect Estimation Factor. (Albers et al., 

2019) Considering the weighting of each evaluation element and of each evaluation criterion, the 

calculated factor illustrates the comprehensive effect of a variant for the company. An EEF-value of 100% 

represents a high potential and 0% no potential to implement a variant. 

4 AIM OF RESEARCH AND METHODOLOGY 

In numerous literature, systems of objectives with the associated objectives, requirements and boundary 

conditions for the product development process were investigated. In addition, methods and tools exist to 

support the early phase of product development (Seram, 2013). With the help of the iPeM based on the 

system triple, a consistent system of objectives is described in context of the model of PGE (Albers et 

al., 2016a). Within the variant management in the quotation phase of an international automotive 

supplier of high-pressure pumps, it is particularly important to evaluate the consistency of the system of 

objectives of a new variant including the elements available at that time (chap. 3). Due to political or 

economic conditions, customer requirements may change over time. Hence, it is difficult to determine 

the effects on the system of referenced elements while developing a new product generation. Therefore, 

the calculation of the EEF (chap. 3) depends on the customer-specific variant in future. To realize a 

uniform evaluation, the evaluation criteria describe elements of the system of objectives of a requested 

variant. Within the mentioned automotive supplier, the present investigation focuses on the 

interdependencies between the evaluation criteria in the quotation phase and on identifying the relevant 

criteria within the decision on implementing a variant. For this reason, the following research questions 

are: 

 Which interdependencies exist within the system of objectives of a variant in the quotation phase of 

high-pressure pumps and which proposals of key factors result from the direct impact matrix of the 

variant evaluation?  

 Which proposal of key factors transpires from the derived indirect impact matrix provided by a 

scenario technique tool?  

 Which key factors are selected finally and which findings can be deduced in context of the model 

of PGE?  
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To answer these questions, the variant management in the quotation phase was examined. The first 

question is answered by impact matrices which were developed with experts from various departments 

(n=17) including managers of the middle management. The experts were involved in the development 

of the systematics (chap. 3) and have cross-functional knowhow within the variant management. A 

mean value matrix consolidates the expert-matrices which maps the interdependencies of the criteria 

for the evaluation of variants. Based on this direct mean value matrix, indicators were calculated and 

proposals of key factors are derived which have a decisive relevance for the evaluation of variants in 

context of the overall system. The second research question is answered with the help of the software 

tool Scenario-ManagerTM. Basis for the analysis is the mean value matrix, whereby the tool generates 

an indirect impact matrix and a proposal of key factors. For the third research question, a manager 

supports in discussing the results and in selecting the key factors proposed by the authors. The 

findings are examined in context of the model of PGE. 

5 INTERDEPENDENCIES WITHIN THE SYSTEM OF OBJECTIVES OF 

VARIANTS IN THE QUOTATION PHASE 

5.1 Direct impact matrix within the evaluation of variants 

To evaluate variants of high-pressure pumps in the quotation phase within an international automotive 

supplier, five existing evaluation elements (in the following: elements) (i=1,2,3,4,5) of the product 

generation with each six evaluation criteria (j=1,2,3,4,5,6) need to be considered (chap. 3). To 

determine the direct influence of an evaluation criterion on another, experts (n=17) worked out impact 

matrices. The experts assessed the influence of a vertically listed criterion on a horizontally listed 

criterion. With regard to the selected scale, +2 or +1 indicates that the vertical criterion has a very 

strongly or strongly positive influence on the horizontal criterion. In contrast -2 or -1 means a very 

strongly or strongly negative influence and 0 no influence at all. These individual matrices were 

consolidated into an overall matrix (Table 1) which shows the mean value for each matrix entry. For 

the sake of clarity, the mean values of the matrix entries are rounded values while the calculations are 

based on the exact values. In contrast to the impact matrix according to Arnold (2015), the selected 

scale takes the differentiation between a positive and negative influence into account. Besides the 

identification of a proposal for key factors based on indicators, the differentiation allows a second 

proposal based on the calculated impact on the Effect Estimation Factor (EEF) (chap. 3). Due to the 

chronological evaluation sequence of the elements (chap. 3), the influence within the light grey 

coloured cells are not determined. Assuming that an evaluation criterion cannot influence itself, the 

grey diagonal does not allow an entry.  

The first proposal of key factors includes the evaluation of the consolidated direct impact matrix by 

using the amounts of the matrix entries. For each evaluation criterion, the indicators of the scenario 

analysis (activity, passivity, dynamic index, proactivity index) are calculated (chap. 2.1). Using the 

example of i=1, j=1, the calculations are explained. The activity (exact: 13,7) is the sum of the entire 

row: 1+2+1+0,6+0,2+0,2+0,6+1,4+1+0,7+0,3+0,7+0,7+1+0,4+0,2+0,2+0,4+0,3+0,3+0,3 = 13,5. The 

passivity (exact: 6,0) is the sum of the entire column: 1+2+1+1+1 = 6,0. The dynamic index (exact: 

82) is the product and the proactivity index (exact: 2,3) is the quotient of activity (13,7) and passivity 

(6,0). After consultation with a manager of middle management coordinating the international 

production network, ten (33,3%) of 30 evaluation criteria were set as the maximum number to derive 

the key factors from. Based on the key factor selection procedure according to Fink et al. (2002), a 

total of roughly 50% are definite based on the dynamic index (5). The other five result from the 

activity (2), the passivity (1) and the proactivity index (2). The final proposal results in coordination 

with this manager as representative of the scenario team. In accordance to Fink and Siebe (2013), the 

selection criteria are: avoidance of duplication of content, ensuring topic coverage, completeness of 

range of topics, consideration of political factors (concerning the business policy) and acceptance of 

the scenario team. The indicators of the identified key figures have dark grey coloured cells.  

The second proposal comprises the influence from an evaluation criterion on the EEF (chap. 3) by 

taking into account the plus/minus signs of the matrix entries. In this context, the scaling direction of 

the 4-point ordinal scale (chap. 3) of the evaluation criterion need to be noticed. For i=1, j=1-5 and in 

each case of j=6, the criterion is positively scaled in ascending order.  
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Table 1: Mean value matrix resulting of the direct impact analysis 

 

This means that the highest value of the evaluation criterion implies a positive effect. Therefore, +2 or 

+1 illustrates a positive and -2 or -1 a negative overall impact on the EEF (unchanged plus/minus 

sign). In contrast, for i=2-5, j=1-5, the criterion is scaled in ascending negative order. This means that 

the highest value implies a negative effect. Accordingly, +2 or +1 illustrates a negative and -2 or -1 a 

positive overall impact on the EEF (reversed plus/minus sign). For example, the influence of the 

technical realization effort within the procurement concept (i=5, j=2) is estimated as +1,4 on the 

realization of the customer target date within the manufacturing concept (i=4, j=3). Due to the 

ascending positive scaling of the EEF (chap. 3), the evaluation criterion i=5, j=2 has a negative overall 

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

1
general 

consequences
0,0 0,0 0,0 1,0 2,0 1,0 0,6 -0,2 0,2 -0,6 0,0 1,4 1,0 0,7 0,3 0,7 0,7 1,0 0,4 0,0 0,0 0,2 0,2 0,4 0,0 0,3 0,0 0,3 -0,3 0,0

2 customer strategy 0,0 0,0 0,0 1,0 0,0 0,0 0,6 0,4 0,8 0,6 0,6 1,2 0,7 0,0 0,7 0,3 0,3 0,0 0,0 0,0 -0,2 0,2 -0,2 0,4 0,0 0,0 -0,3 0,3 -0,3 0,0

3
experience with 

customer
1,0 0,0 0,0 0,0 1,0 1,0 -0,2 -1,0 -1,0 -0,8 -1,2 0,6 0,0 0,0 -0,7 0,0 0,0 0,0 0,2 0,2 -0,4 -0,2 -0,4 0,0 -0,3 -0,3 -1,0 -1,0 -0,7 0,3

4 revenue 2,0 1,0 0,0 0,0 1,0 1,0 0,6 0,2 0,0 0,2 0,6 1,2 0,3 0,3 0,3 0,3 0,3 0,0 0,6 0,0 -0,2 1,0 1,0 0,4 0,0 0,0 -0,3 0,7 1,0 1,0

5 platform strategy 1,0 0,0 1,0 0,0 0,0 0,0 -1,6 -1,8 -1,4 -1,4 -1,4 1,4 -1,0 -0,7 -1,0 -0,7 -0,3 1,0 -1,2 -1,4 -0,6 -1,4 -1,2 1,6 -0,7 -0,7 -1,0 -0,7 -1,0 1,3

6 recommendation 0,0 0,0 0,0 0,0 0,0 0,0 -0,4 -0,6 -0,2 -0,8 -0,6 0,8 -1,0 -0,7 -0,3 -0,7 -0,7 0,7 0,0 -0,4 -0,2 -0,2 -0,2 0,4 0,0 -0,3 -0,7 0,0 0,0 0,7

1
general 

consequences
0,0 0,0 0,0 0,0 -1,0 0,0 0,0 1,2 1,2 1,6 1,6 -1,4 0,7 0,3 1,3 1,3 1,3 -1,3 0,8 0,8 1,4 1,2 1,2 -1,0 0,0 0,3 1,3 1,7 1,0 -1,0

2 realization effort 0,0 0,0 0,0 0,0 -1,0 -1,0 0,8 0,0 1,2 1,8 1,8 -1,4 1,3 0,7 1,3 1,3 1,3 -1,3 0,4 0,4 0,6 0,6 0,6 -0,2 0,0 0,0 0,7 1,7 0,7 -0,7

3
realization cus-

tomer target date
-1,0 0,0 -1,0 -1,0 -1,0 -1,0 0,6 1,4 0,0 1,2 0,8 -0,6 0,7 0,0 1,0 0,7 0,7 -1,3 0,8 0,8 0,8 0,4 1,0 -1,6 0,0 0,3 0,3 0,3 0,7 -1,7

4 capacity needs 0,0 0,0 -1,0 -1,0 -1,0 -1,0 1,0 1,0 0,8 0,0 1,2 -1,2 1,3 0,3 1,7 1,3 1,3 -1,3 0,0 0,2 0,4 0,4 0,4 0,0 0,0 0,0 0,7 1,7 0,7 -0,7

5 costs 0,0 0,0 -1,0 0,0 -1,0 -1,0 0,8 1,4 0,6 1,2 0,0 -1,2 1,0 0,3 0,3 1,0 1,3 -1,3 0,0 0,0 0,4 0,0 0,4 0,0 0,0 -0,3 0,3 0,3 0,3 0,0

6 recommendation 1,0 0,0 1,0 1,0 1,0 1,0 0,0 0,0 0,0 0,0 0,0 0,0 -1,3 -1,3 -1,3 -1,0 -1,0 1,3 -0,2 -0,8 -0,4 -0,2 -0,4 0,4 0,0 -0,3 0,0 0,0 0,0 0,3

1
general 

consequences
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 1,0 1,0 1,3 1,3 -1,3 0,6 1,0 1,0 0,4 0,2 -0,4 0,0 1,0 1,0 1,0 0,7 -1,0

2
technical 

realization effort
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 1,0 0,0 1,3 1,0 1,3 -1,3 0,4 1,0 0,8 0,8 0,6 -0,8 0,3 1,0 1,0 1,0 0,7 -0,7

3
realization cus-

tomer target date
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,7 0,7 -0,7 1,0 0,6 1,8 0,8 0,6 -1,0 0,3 0,7 1,7 1,3 1,0 -1,0

4 capacity needs 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,7 1,3 1,3 0,0 1,3 -0,7 0,2 0,4 0,6 0,2 0,2 0,0 0,3 0,7 0,7 0,3 1,0 -0,3

5 costs 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,7 0,7 0,7 1,0 0,0 -0,7 0,0 0,2 0,6 0,0 0,2 -0,2 0,0 0,3 0,3 0,0 0,0 -0,3

6 recommendation 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 -0,2 -0,6 -0,6 -0,2 -0,4 0,4 0,0 -0,7 -0,7 -0,7 -0,3 0,7

1
general 

consequences
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 1,3 0,3 0,3 0,0 0,0 -0,3 0,0 0,8 1,2 1,0 0,2 -0,6 0,0 0,3 0,3 0,7 0,0 0,0

2
technical 

realization effort
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 1,7 0,7 1,0 0,7 0,3 -0,7 1,0 0,0 1,6 1,0 1,4 -1,6 0,7 1,0 0,3 0,0 0,7 -0,3

3
realization cus-

tomer target date
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,7 0,0 0,7 0,0 0,0 -0,3 1,2 0,8 0,0 1,0 0,8 -1,0 0,7 1,0 1,0 0,7 1,0 -1,3

4 capacity needs 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,3 0,3 0,0 0,0 -0,3 1,0 1,6 1,0 0,0 1,0 -1,0 0,0 0,0 0,3 0,0 0,0 0,0

5 costs 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 1,0 0,7 0,3 0,3 0,3 -0,3 0,4 1,0 1,0 1,0 0,0 -1,0 0,0 0,3 0,3 0,0 0,0 0,0

6 recommendation 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 -1,3 -0,3 -0,3 0,0 0,0 0,3 0,0 0,0 0,0 0,0 0,0 0,0 -0,3 0,0 -0,7 -0,3 0,0 0,7

1
general 

consequences
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,0 0,3 0,3 0,3 0,0 0,0 0,2 0,2 0,6 0,2 0,0 0,0 0,7 1,0 0,7 0,0 -1,0

2
technical 

realization effort
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 1,3 0,3 1,0 0,7 0,3 -0,3 0,2 0,6 1,4 0,6 0,4 -0,2 0,7 0,0 1,7 1,3 1,7 -2,0

3
realization cus-

tomer target date
0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,7 0,0 1,0 0,3 0,7 0,0 0,4 0,8 1,6 0,4 0,4 -1,0 0,7 0,7 0,0 1,0 0,7 -1,0

4 capacity needs 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 1,0 0,3 0,3 0,0 0,0 0,0 0,0 0,0 0,2 0,0 0,0 -0,2 0,3 0,7 1,0 0,0 0,7 -0,7

5 costs 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 1,0 0,3 0,0 0,3 0,0 0,0 0,0 0,2 0,2 0,0 0,0 0,0 0,7 0,7 0,3 0,3 0,0 -1,3

6 recommendation 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 -1,3 -0,3 -0,3 0,0 0,0 0,0 0,0 0,0 -0,8 0,0 0,0 0,2 0,0 0,0 0,0 0,0 0,0 0,0

13,7 9,2 13,5 15,7 28,4 10,5 26,1 22,8 21,7 21,6 15,7 15,4 14,3 15,1 13,8 10,3 5,9 5,4 7,5 14,6 12,1 7,3 8,1 4,3 5,9 14,7 11,3 5,4 5,4 3,0

6,0 1,0 5,0 5,0 10,0 8,0 7,2 8,2 7,4 10,2 10,0 12,4 24,7 12,0 20,7 16,0 16,0 18,0 11,2 14,8 20,2 14,0 13,8 16,0 6,0 12,7 19,0 18,0 15,0 20,0

82 9 68 78 284 84 188 187 160 220 157 191 352 181 285 164 94 97 84 216 245 102 111 69 35 187 214 97 81 60

2,3 9,2 2,7 3,1 2,8 1,3 3,6 2,8 2,9 2,1 1,6 1,2 0,6 1,3 0,7 0,6 0,4 0,3 0,7 1,0 0,6 0,5 0,6 0,3 1,0 1,2 0,6 0,3 0,4 0,2

2,5 -1,9 12,7 0,6 28,4 10,5 -26,1 -22,8 -21,7 -21,6 -15,0 15,4 -14,3 -15,1 -13,8 -10,3 -5,9 5,4 -7,5 -14,6 -12,1 -7,3 -8,1 4,3 -5,9 -14,7 -11,3 -5,4 -5,4 3,0

1 2 3 4 5
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j
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impact on the EEF. Thus, the plus/minus sign needs to be reversed. Using the example of i=5, j=2 

considering the plus/minus signs, the impact on the EEF is the sum of the entire row: -1,3-0,3-1,0-0,7-

0,3-0,3-0,2-0,6-1,4-0,6-0,4-0,2-0,7-1,7-1,3-1,7-2,0 = -14,7. The evaluation criteria with the highest 

amount determine the result of the EEF calculation decisively. It can be seen that the ten criteria with 

the greatest impact on the EEF (dark grey cells) are not the same as the key factors that were identified 

in the first proposal based on the indicators. It is also striking that customer strategy (i=1, j=2) has a 

negative overall impact on the EEF which is a contradiction to the ascending positive scaling. One 

possible reason is that the influence of the element product strategy (i=1) was interpreted differently 

by the experts during the development of the matrices. Own observations confirm this explanation 

owing to joining the expert interviews. 

5.2 Indirect impact matrix within the evaluation of variants  

To depict the indirect relations between the evaluation criteria, the software tool ScenarioManagerTM 

from ScIM supports by automatically generating an indirect impact matrix based on the direct matrix. 

The mean value matrix (Table 1) was imported into the tool, whereby each matrix entry was 

previously transferred to the amount of the value. Therefore, the plus/minus signs of the matrix entries 

are ignored. Due to the consideration of the plus/minus signs and the simplification in practice, the 

selected scale with the amounts of the rounded values (0, 1, 2) (chap. 5.1) differs from the proposed 

scale of the scenario analysis (0, 1, 2, 3) (Arnold, 2015) by not assigning the value 3. As a result of the 

indirect analysis, the 30 evaluation criteria are presented in an Activity-Passivity-Grid generated by 

the ScenarioManagerTM (Figure 2).  

 

Figure 2: Activity-Passivity-Grid generated by the ScenarioManagerTM 

The activity is compared to the respective passivity in absolute values with a defined form of 

representation (Fink et al., 2002). Based on the indirect impact matrix, the tool calculates the activity 

(AC), passivity (PA), dynamic (DY) and lever (LE) (chap. 2.1). Furthermore, the tool proposes key 

factors which support subsequent discussion with experts. The proposed key factors are coloured in 

the Activity-Passivity-Grid and the respective indicators are listed in the table. With regard to the 

uniformity to chapter 5.1, a maximum of 10 was set. Based on the dynamic, the number of definite (5) 

and possible (2) key factors was determined in consultation with the manager of the middle 

management (chap. 5.1). Moreover, the amount of three was defined as the amount of possible key 

factors depending on the lever. It can be seen that the proposed selection differs from the proposals 
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identified in chap. 5.1. A possible reason is the consideration of indirect relations. A further reason 

may be the expert-based distribution of the amount to the calculated indicators. 

5.3 Findings in context of the model of PGE - product generation engineering 

As a result of the different proposals, a key factor selection is made and proposed by the authors which 

is discussed with the manager of the middle management (chap. 5.1) (Table 2). The table includes the 

proposed key factors from the analysis of the direct impact matrix (chap. 5.1) based on the calculated 

indicators (1. proposal) and the overall impact on the EEF (2. proposal). Furthermore, the table 

comprises the proposal of the analysis of the indirect impact matrix (chap. 5.2) based on the calculated 

indicators (3. proposal). The selection criteria (chap. 5.1) (Fink and Siebe, 2013) justify the respective 

decision and match up to the objective dimensions (chap.2.1) (Albers et al., 2011). This approach 

enforces the subjective selection process (Gaßner and Steinmüller, 2009) which can possibly differ to 

a selection in other companies.  

Table 2: Comparison and selection of the proposed key factors 

 

The findings in industrial practice described below illustrate the conclusions in context of PGE. 

The element product design has the largest leverage and impact on the EEF (chap. 5.1).  

In comparison to the other four considered elements (i=1,3,4,5), the element product design (i=2) has 

the largest calculated activity, dynamic index and proactivity index which reflect the highest leverage 

and connection. The impact on the EEF confirms the result. Due to this, it can be assumed that the 

element product design has a dominant role within the evaluation of variants in the quotation phase. 

The element product design has the largest amount of identified key factors.  

This result illustrates the impact of the several evaluation criteria regarding the product design of a 

variant. Furthermore, it shows the relevance of the element product design (i=2) in the overall system 

which confirms the dominant role of the element product design.  

The evaluation criterion customer strategy of the element product strategy is selected from a 

political (business policy) point of view (chap. 5.1).  

With the political choice (concerning the business policy) of the evaluation criterion customer 

strategy, the importance of the corporate strategy becomes apparent. The satisfaction of customer 

needs plays an important role for the company, although this was only suggested in one proposal. This 

is the reason why the degree of rigidity is the directed objective dimension. Among other things, the 

implementation of variants depends on the strategic orientation of the company. Therefore, it is 

necessary to evaluate the effects of a variant on not only the technical systems, but also to include the 

product strategy. Hence, the calculation of the EEF comprises the evaluation of efforts as well as of 

benefits of a customer-specific variant (chap. 3).  

The evaluation criterion customer due date is defined as key factor for all technical elements.  

To complete the range of topics, the criterion customer due date is selected for the elements product 

design, testing concept, manufacturing concept and procurement concept (i=2,3,4,5). Therefore, the 

customer goals are represented in all (technical) elements to be evaluated. This affirms the degree of 

chap. 5.2

i j 1. proposal 2. proposal 3. proposal selection criterion objective dimension

2 P political factor (business policy) degree of rigidity

5 P P P consistent proposal impact

1 P P P consistent proposal impact

2 P P P acceptance of scenarioteam degree of rigidity

3 P P P consistent proposal leverage

4 P P P acceptance of scenarioteam degree of rigidity

5 P

6 P

1 P P

2 P

3 P P completeness of range of topics degree of maturity

2 P P acceptance of scenarioteam degree of rigidity

3 P P completeness of range of topics degree of maturity

2 P

3 P P completeness of range of topics degree of maturity

chap. 5.1.
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maturity of customer orientation in the quotation phase of variants. Consequently, the focus within the 

provider’s value chain is on the product profile (chap. 5.1) which covers both the provider benefits and 

the customer and thus also the user benefits.  

The evaluation criterion technical realization effort of the element manufacturing concept is 

selected due to intended acceptance.  

From its existence, the manufacturing concept is of decisive importance for the analysed company.  

Because of this, the scenario team favoured the selection of the criterion technical realization effort 

within the element manufacturing concept (i=4) which represents a high degree of rigidity.  

The elements testing concept, manufacturing concept and procurement concept have the 

greatest passivity (chap. 5.1).  

Regarding the chronological sequence of the evaluation process, the technical elements (i=3,4,5) are 

influenced by the elements product strategy (i=1) and product design (i=2).  Moreover, the 

calculations of passivity (chap. 5.1) show that the element testing concept, manufacturing concept and 

procurement concept are also strongly influenced by the evaluation of each other.  

Regarding the variant-specific resource effort, the share of new development of a variant, inter alia, 

determines the evaluation process and therefore the evaluation result of the mentioned elements 

(i=1,2,3,4,5) (chap. 3). In context of PGE, knowledge about, among other things, the referenced 

product features, product structure rules, processes and methods should be accessible for all involved 

stakeholders in a documented form within the system of objectives of the observed variant. By means 

of a consistent system of objectives, a transparent knowledge base and a solution space based on the 

system of referenced elements ensure a proper evaluation of the variant using the EEF-calculation and 

support to identify appropriate alternatives for action. For this reason, it is indispensable to have 

insight into the provider’s and customer’s objectives, requirements, boundary conditions as well as 

their interdependencies. According to the given investigation, it may be assumed that the variation of a 

product can imply adjustments to the referenced validation system and production system (chap. 3). 

Due to the systematics to differentiate variants in context of PGE (chap. 2.2), the varied technical 

systems can be seen each as a variant of the related validation system and production system with a 

high share of carryover variation. If there may be adjustments to the strategy, further research is 

necessary how to describe the variations of the iPeM-layer strategy. Concluding, the variants of the 

(technical) systems play a determining role in shaping the system of referenced elements. 

6 SUMMARY AND OUTLOOK 

The investigation presents the modelling of a system of objectives using exemplarily the evaluation of 

variants in the quotation phase of an international automotive supplier. An impact matrix shows the 

interdependencies of defined evaluation criteria, which experts evaluate concerning the consistency of 

a variant and the existing elements of the system of referenced elements. Based on the developed 

direct and the derived indirect impact matrix, three proposals of key factors result from calculating 

indicators of scenario technique and the impact on the EEF. The proposed key factors are discussed 

with a manager of the middle management and ten evaluation criteria are selected using selection 

criteria (Fink and Siebe, 2013) and assigning to objective dimensions (Albers et al., 2011). Findings 

derive in context of the model of PGE. Among others, the element product design plays a dominant 

role in the decision on implementing a variant. Regarding the value chain, the provider attaches great 

emphasis on the customer benefit. The elements testing concept, manufacturing concept and 

procurement concept are most influenced by the others in the evaluation process. The analysis is 

carried out at an international automotive supplier for high-pressure pumps. In total 17 experts 

developed individual impact matrices which are subject to a subjective assessment. The key factors are 

identified with the help of a subjective selection process. To evaluate the findings, additional use 

cases, more impact matrices as well as further expert opinions in the selection process need to be 

analysed. Ongoing research focuses on the applicability and the transferability of the evaluation 

criteria. In context of the model of PGE, research needs concerning the development of the system of 

referenced elements and the development of system generations are identified. In addition, further 

research bears on the implementation of the systematics to evaluate variants and the emerging 

application evaluation in industrial practice. In conclusion, interdependencies exist within the system 

of objectives of a variant in the quotation phase and the scenario technique is a useful and supporting 

method to model them.  
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