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Abstract 

In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
© 2017 The Authors. Published by Elsevier B.V. 
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1. Introduction 

Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge

of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 

On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 

Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 
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Abstract 

Key factors for success of predevelopment projects are, among others, continuous validation and consensus building on objectives and the 
recurrent review thereof as well as the reduction of uncertainty in predevelopment projects. 
This research evaluates the usage and added value of a systematic approach to explicitly model objectives during a predevelopment project. 
Thereby, providing insights into the elicitation, organization and validation of goals, requirements, constraints and their interrelations. The 
awareness, recurrent update and review of these by all members of the engineering team is crucial. Therefore, this research investigates 
consensus-building on objectives regarding the work setting and the explicit modeling of objectives. A main finding is that physical proximity 
of the members of the engineering teams has a critical influence on the consensus building regarding objectives. The ability of direct 
communication mitigates the perceived added value of the systematic modeling of objectives in this predevelopment project. Hence, the 
modeling of objectives does not support the consensus building with an adequate effort-benefit ratio. The software supported modeling of 
objectives is tested in a live-lab setting with seven product engineering teams with five to six members each as well as engineers from an 
industrial partner and a research facility. All members of the teams are regularly audited in milestones, dedicated interviews and workshops.  
In this predevelopment project reference system elements are used to address the issue of uncertainty as reference system elements can be used 
to classify and manage necessary changes. As of now there is an eminent lack of methodology to support the identification of reference system 
elements aside of the predecessor and parts thereof. Several approaches to identify reference system elements used in this predevelopment 
project are collected with focus on methods utilizing objectives. The methods are categorized and the influence of modeling objectives on the 
method usage is discussed. 
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1. Motivation  

In February 2018 Apple released a smart speaker called 
HomePod, which has been prone to leave behind a circular 
stain on wooden furniture caused by the silicone base [1]. This 
has caused an outrage among customers and is considered one 
of the reasons why the HomePod has a much smaller market 
share (5 %) than competing products from Amazon (70 %, 
Echo) and Google (25 %, Home) [2]. 

The competitors’ products do not damage wooden surfaces. 
Thus, engineering teams at Amazon and Google probably 
have considered the placement of the speaker on wooden 

surfaces as use case, and in doing so they have elicited the 
corresponding requirements. Apple’s engineers either have not 
classified this as a relevant use case, failed to elicit the 
corresponding requirements or neglected them. This example 
highlights the need of elicitation and validation of goals, 
requirements and constraints by considering relevant use 
cases, functions and stakeholders of the product in 
development as well as the need to identify relevant reference 
system elements. 
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2. State of the art 

2.1. Knowledge management 

Knowledge is the interpretation and contemplation of the 
combination of well-understood information, facts and 
experience [3]. The management of knowledge is an essential 
activity in the product engineering process (PEP) [4–6].  

The acquisition, structuring [7] and linking of knowledge 
to other knowledge and objectives is crucial. This helps to 
deal with shortening lead times in the PEP, the necessity of 
uniqueness of products and the adjustment to changing 
requirements [8–10]. Knowledge is organized in a knowledge 
base. Knowledge management is the continuous assessment 
of the validity of knowledge and update of the knowledge 
base as engineering relies increasingly on knowledge [11]. 
Proper knowledge management is crucial to the transfer of 
knowledge and reuse of information derived from past 
projects [12]. 

2.2. Systems engineering and requirements engineering 

Systems engineering considers the design of the whole 
system by channelling the communication of all experts that 
are part of the PEP [13]. It intensifies interdisciplinary 
collaboration through the identification of interrelations 
between subsystems of the system in development (SiD) and 
the different involved disciplines [14]. Systems engineering 
requires an iterative top-down approach for engineering 
systems [15]. 

Requirements engineering is a derivative of systems 
engineering that specializes on the elicitation and organization 
of requirements. These are identified through the focus on 
customer needs and use cases [16].  

The specifications of a complex SiD must be easily 
adaptable while displaying the impact of changes to allow the 
fast and easy integration of changes. As a result, a fixed 
definition of requirements, e.g. in a system specification or 
requirement [17,18] is no longer adequate [19,20].  

2.3. Extended systems triple 

The systems triple is a meta-model describing the analysis 
and synthesis activities during the PEP [21]. The system of 
objectives (SoO), the operation system and the system of 
objects comprise the systems triple. The SoO includes all 
goals, requirements and constraints. The operation system is 
comprised of the scope of possible solutions, the knowledge 
base and all resources available to the PEP. Resources include 
all available workforce, production capacity, computation 
capacity etc. [22]. The operation system controls all 
interactions between the SoO and the system of objects 
[23,24]. 

2.3.1. System of objectives 
The system of objectives (SoO) consists of goals, 

requirements and constraints, hereafter referred to as 
objectives, and their interrelations [22,25,26]. Hence, the SoO 
is an advanced form of requirements engineering that 
represents requirements and their dependencies known to an 
individual of the product engineering team. It is crucial to 
identify conflicting elements of the SoO [27].Changing team 
members of the engineering teams, different customers and 
decision makers require a consistent modeling approach to 
ensure that all stakeholders related to the SiD have the same 
understanding [27].  

2.3.2. Modeling the system of objectives 
To ensure that every team member has the same 

understanding of the SoO, it has to be modeled [25]. 
According to Stachowiak [28] models are described by the 
three characteristics: representation, reduction and 
pragmatism. This implies that when modeling the SoO, the 
appropriate level of detail for the specific project must be 
used to ensure that the modeling has a favorable effort-benefit 
ratio. The choice of the software tool for the modeling is 
especially difficult, as accuracy of the model is negatively 
corelated to intuitive operation [25]. The distinct requirements 
of a predevelopment project must be considered individually 
for this decision prior to the initiation of the project [29,30]. 

2.4. PGE – Product Generation Engineering 

Albers uses the model of product generation engineering 
(PGE) to describe product engineering projects [31], which is 
based on the assumption that engineering projects do not start 
from scratch and new products are engineered by the variation 
of several reference system elements (RSE) [32,33]. RSE are 
interconnected and can be found in existing systems or sub-
systems in the company, other companies or even other 
business sectors.  

The risk of development projects is reduced through 
adapting the RSE to the SiD [31,33]. There are three types of 
variation. Carry-over variations are variations with minimal 
modifications to be able to integrate the subsystem into the 
SiD [34] without altering the solution principle or 
embodiment of the RSE [35]. Embodiment variation refers to 
modifications in which the subsystem uses an adapted design, 
but the solution principle remains unchanged. A principle 
variation changes the solution principle, which is always 
accompanied by an embodiment variation, as the design used 
in the RSE must be adapted to the SiD [31]. 

2.5. Team mental models 

Mental models are convenient small-scale models provided 
by human thought to predict events [36] and represent the 
truth according to premises such as statements and perception 
[37,38]. Mental models govern many essential aspects of 
human reasoning such as problem-solving, induction and 
deduction and human-machine interaction [39]. Individual 
system understanding and actions are controlled by mental 
models [40]. 
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The concept of mental models can be adapted for 
collaborating individuals of a group [41] such as a team. 
These team mental models or shared mental models are then 
used to describe the shared comprehension of the team with 
regard to itself as a system and its tasks or objectives [42,43]. 
Team performance depends on the quality of the team mental 
model [44]. This quality depends on detail and accuracy as 
well as the extent to which the mental models of the team 
members align [45–47]. 

3. Methodology and approach 

3.1. Research Environment 

“IP – Integrated Product Development” is used as a 
research environment. IP is a cooperative predevelopment 
project of the product engineering institute of a large research 
facility and an industrial partner that changes every year. The 
industrial partner of this year's IP is a well-known machinery 
manufacturer. IP involves 41 graduate students, 14 engineers 
of the industrial partner and project management. Project 
management consists of four research associates of the 
institute and two project managers of the industrial partner’s 
R&D department, one of them heading it. Each engineering 
team is comprised of six graduate students and two engineers, 
hereafter referred to as mentors, who collaborate closely. The 
industrial partner uses the open-mindedness of the 
interdisciplinary engineering teams in combination with the 
methodical expertise of the research associates to develop 
mechatronic systems [48]. Throughout IP, various additional 
experts of the industrial partner are consulted on specific 

technical topics. The product engineering institute provides 
methodical support for each of the seven teams, for instance, 
in workshops on knowledge management and PGE. After 
completion of the predevelopment project, the development is 
continued by various departments of the industrial partner 
until it obtains market maturity. 

3.2. Research gap and research questions 

Usually, the transfer of predevelopment projects to series 
development is accompanied by the transfer of new solution 
principles or a high variation of embodiment to different 
departments and engineers. A consistent and comprehensible 
model of objectives should be modeled during the 
predevelopment project to ensure a minimal loss of 
knowledge. The modeling organizes objectives and enables 
various members of the product engineering team to assess 
attainment of objectives. This prompts the following research 
questions: 
• How were objectives elicited, organized and validated in 

an actual predevelopment project? 
• What were the actual practices chosen by the engineering 

teams to build a consensus on the system of objectives? 
• What was the perceived added value of systematic 

modeling of objectives? 
• How were RSE identified in predevelopment projects? 

Each team of the predevelopment project IP modeled a 
system of objectives (SoO) during the whole project. This 
modeled SoO was regularly discussed with the respective 
engineers of the industrial partner. Each member was 
expected to participate in the modeling of the SoO. Objectives 
were to be modeled hierarchical e.g. in a structured list. 
Throughout the project, the teams were frequently 
interviewed and advised by members of a research facility. In 
addition, at the end of the project a survey was conducted to 
identify means and methods of elicitation of reference system 
elements among the participants of IP. Fig.1. displays 
research activities such as interviews and surveys. 

4. Case Study: Systematic modeling of objectives and 
identification of reference system elements in IP 

The systematic that was used in IP to model the system of 
objectives (SoO) and to use the modeled objectives to identify 
reference system elements (RSE) is depicted in Fig. 2 as a 

analysis identifying 
potentials conception specification realization & 

project transfer MS 1 MS 2 MS 4 MS 0 MS 5 MS 3 

Development 
continued by the 
industrial partner 

engineering phases of IP performed by engineering teams  
(6 graduate students, 2 engineers of the industrial partner) 

Workshop on knowledge 
management 

Workshop focusing on 
maturity of objectives 

Workshop on modeling 
of objectives 

weekly review of the system of objectives including feedback 

October 2018 December 2018 February 2019 

regular (three times a week) visitation of the engineering teams in their cubicles to discuss project progress and current 
challenges   

moderation of in and consulting on creativity 
techniques 

Fig. 1. Engineering phases of IP and research activities throughout the project 

 expert 
interviews 

 online 
survey 
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block diagram. The five main deliverables of the systematic 
do not coincide with the five engineering phases of IP. The 
systematic requires an idea for an innovation as input. This 
idea should include a description of the benefits for users, 
customers and the provider. This description includes a 
consideration of environmental and legal constraints. This 
means that the systematic (Fig. 2) can be applied to the IP 
process (Fig. 1) after milestone 2 (MS2). During the three 
phases following MS2, especially during the conception and 
the specification phase, the systematic was applied by the 
individual engineering teams. The systematic has been used 
by each engineering team on different sub-systems. Hereby, 
the first and second main deliverables, “Initialization 
completed” and “Objects have been approved”, were 
instructed and guided by project management. The last three 
main deliverables of the systematic (Fig. 2) were observed 
and discussed with the participants to ensure usability of the 
systematic in predevelopment projects.  

The selection of RSE is succeeded by strategic planning of 
variations across multiple product generations according to 
the model of PGE and the planning of validation and 
verification activities of the SiD. 

Main deliverable four and five are succeeded by a decision 
to either reiterate or advance based on previously defined 
criteria (Fig. 2). Reiteration can start at main deliverable two 
or three. After reiterating either the objectives have to be 
altered or the knowledge carriers, knowledge items or the 
scope used to identify RSE must be adapted. Either of these 
actions should enable the identification of additional RSE that 
utilize a different solution principle. A reiterating is not 
accompanied by a reduction of the knowledge base or the 
model of objectives. 

4.1. Elicitation, organization and validation of objectives 

In the project IP engineering teams chose to organize and 

structure their SoO in one or more tables using MS Excel. 
Objectives were elicited through an extensive research at the 
beginning of the project and detailed through expert 
knowledge, identification and analysis of use cases, different 
types of brainstorming, and inspections of various technical 
systems engineered by the industrial partner during operation. 
The excursions provided detailed insights into functional 
requirements and the perspective of an owner, operators and 
maintenance personal. 

The SoO was not modeled and used as it was expected at 
the beginning of the IP project. Many objectives and their 
interrelations were not listed in MS Excel. Additionally, the 
SoO was modeled and maintained by a single team member. 
It was used to create an initial mental model of the SoO. 
However, the mental models of the team members were 
implicit and differed among the members of the engineering 
team. 

Objectives were discussed with experts in milestone audits, 
weekly web conferences and visits of the sites of the 
industrial partner and thereby validated. Web conferences 
were supported by presentations and an agenda that all 
participants had previously agreed upon. The knowledge of 
the experts of the industrial partner was supplemented with 
excursions to customers of the industrial partner, trade fairs 
specific to the business sector and consultation with other 
institutes of the research facility. 

4.2. Consensus building on the system of objectives 

Several stakeholders complained about the lack of 
visualization of the SoO, e.g. by mind maps. Consequently, 
one team decided to model their SoO in a mind map using 
MindManager®. However, according to the interviews the 
use of the SoO of this team did not differ significantly from 
other teams. The interviewees attributed this to the physical 
proximity of all team members which allowed for direct and 
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quick communication. As a result, the teams preferred 
discussion to the model of objectives modeled in a list or a 
mind map to build consensus on the SoO. 

4.3. Perceived added value of a systematic modeling of 
objectives 

Most of the IP participants perceived the modeling of the 
SoO mainly as a to-do and a mean to document team specific 
objectives. This implies minor added value. However, the 
interviewees acknowledged that the initial modeling of the 
SoO supports the creation of an initial team mental model and 
encourages the application of an objective-oriented rather than 
solution-oriented mindset. They suggested that the modeling 
of the SoO could improve the consensus building on SoO in a 
business context in which employees work on several projects 
at the same time, with different people in different locations. 

4.4. Identification of reference system elements 

According to interviews with the IP participants the means 
displayed in Table 1 were used to identify RSE during the 
project. The answers of the interviewees were clustered in the 
four categories research, interviews, discursive techniques and 
creativity methods. Discursive creativity techniques rely the 
evaluation, recombination and structuring of scientific 
knowledge, experience and results of creativity sessions [17]. 
Intuitive creativity techniques are strongly related to sudden 
inspiration [17].  

Table 1. Methods to identify reference system elements. 

Category Method 

Research 
 

Internet 

Trade fair 

Technical literature 

Patent 

Company and business sector analysis 

Field trips 

Interviews Experts 

Individual network 

Discursive creativity 
techniques 
 

Bionic 

Morphologic box [49] 

Design catalogue (in combination with C&C² [50] 

Design by analogy[51] 

TRIZ 

Intuitive creativity 
methods 

Brainwriting /Brainstorming 

Method of negation and construction[49] 

6-3-5- brainwriting 

Emotive word/imagines/questions 

Six thinking hats [52] 

Some teams used a selection of objectives in combination 
with a discursive technique to identify RSE. One approach 
was to select a set of objectives and to use these to identify 

technical systems that had one or more objectives in common 
with the SiD.  

Next, for each selected RSE a SoO was inferred and 
compared to the SoO of the SiD. Depending on the similarity 
of the two models, either a new RSE was selected for 
evaluation or the model of PGE was used on the RSE. The 
necessary variations needed to integrate the RSE into the SiD 
were classified. This followed by a decision regarding its 
rejection or implementation. 

5. Discussion 

It is crucial for the elicitation of objectives and their 
validation to experience relevant technical systems in 
operation, including their surrounding and their interfaces. 
This increases the individual understanding of the SiD to a 
level that allows the engineering teams to address specific 
issues during the expert discussions. Statements and 
comments of the experts are better understood, and the 
engineering team is able to put them in context and to infer 
objectives from these. The mentors of the industrial partner 
have a significant impact on the elicitation and validation of 
objectives and track the progress and attainment of objectives 
in weekly reviews both regarding the whole project and the 
upcoming milestone. 

Although the teams are instructed to model the system of 
objective (SoO) together, the modeling is done by one distinct 
person, as responsibilities are assigned to a specific team 
member. Often, this coincides with the responsibility of 
documentation. In this predevelopments project modeling the 
SoO in lists or mind-maps does not increase performance as 
was initially expected [25], which is due to physical proximity 
of the team members in their cubicle [53,54]. This means that 
teams quickly achieve a consensus on the SoO as the 
proximity reduces inhibitions of team members to interact and 
team members quickly gain each other’s trust [55]. This 
enables them to discuss objectives and discrepancies of their 
mental models at any time. Thus, the benefits and the 
perceived added value of modeling the SoO with a software 
did not justify the effort. This might differ in case of 
distributed work settings. Hereby, the explicit form of 
objectives is likely to be used differently as team members 
lack the ability of direct communication, meaning nonverbal, 
emotional and visual communication is limited [56]. In these 
instances, the SoO might support formal and visual 
communication. 

In predevelopment projects the identification of RSE relies 
mainly on brainstorming, discussion and other creativity 
methods. The quality of the results of discussions and 
creativity methods profits from diverse team members as they 
stimulate each other’s thoughts and the individual knowledge 
and experience. Additionally, the professional networks of 
team members can significantly support the assessment of 
validity, meaning the RSE can be varied according to PGE to 
integrate it in the SiD. Once functions, properties or 
characteristics of the SiD are known discursive techniques can 
be used to identify RSE. This requires a consensus on the SoO 
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block diagram. The five main deliverables of the systematic 
do not coincide with the five engineering phases of IP. The 
systematic requires an idea for an innovation as input. This 
idea should include a description of the benefits for users, 
customers and the provider. This description includes a 
consideration of environmental and legal constraints. This 
means that the systematic (Fig. 2) can be applied to the IP 
process (Fig. 1) after milestone 2 (MS2). During the three 
phases following MS2, especially during the conception and 
the specification phase, the systematic was applied by the 
individual engineering teams. The systematic has been used 
by each engineering team on different sub-systems. Hereby, 
the first and second main deliverables, “Initialization 
completed” and “Objects have been approved”, were 
instructed and guided by project management. The last three 
main deliverables of the systematic (Fig. 2) were observed 
and discussed with the participants to ensure usability of the 
systematic in predevelopment projects.  

The selection of RSE is succeeded by strategic planning of 
variations across multiple product generations according to 
the model of PGE and the planning of validation and 
verification activities of the SiD. 

Main deliverable four and five are succeeded by a decision 
to either reiterate or advance based on previously defined 
criteria (Fig. 2). Reiteration can start at main deliverable two 
or three. After reiterating either the objectives have to be 
altered or the knowledge carriers, knowledge items or the 
scope used to identify RSE must be adapted. Either of these 
actions should enable the identification of additional RSE that 
utilize a different solution principle. A reiterating is not 
accompanied by a reduction of the knowledge base or the 
model of objectives. 

4.1. Elicitation, organization and validation of objectives 

In the project IP engineering teams chose to organize and 

structure their SoO in one or more tables using MS Excel. 
Objectives were elicited through an extensive research at the 
beginning of the project and detailed through expert 
knowledge, identification and analysis of use cases, different 
types of brainstorming, and inspections of various technical 
systems engineered by the industrial partner during operation. 
The excursions provided detailed insights into functional 
requirements and the perspective of an owner, operators and 
maintenance personal. 

The SoO was not modeled and used as it was expected at 
the beginning of the IP project. Many objectives and their 
interrelations were not listed in MS Excel. Additionally, the 
SoO was modeled and maintained by a single team member. 
It was used to create an initial mental model of the SoO. 
However, the mental models of the team members were 
implicit and differed among the members of the engineering 
team. 

Objectives were discussed with experts in milestone audits, 
weekly web conferences and visits of the sites of the 
industrial partner and thereby validated. Web conferences 
were supported by presentations and an agenda that all 
participants had previously agreed upon. The knowledge of 
the experts of the industrial partner was supplemented with 
excursions to customers of the industrial partner, trade fairs 
specific to the business sector and consultation with other 
institutes of the research facility. 

4.2. Consensus building on the system of objectives 

Several stakeholders complained about the lack of 
visualization of the SoO, e.g. by mind maps. Consequently, 
one team decided to model their SoO in a mind map using 
MindManager®. However, according to the interviews the 
use of the SoO of this team did not differ significantly from 
other teams. The interviewees attributed this to the physical 
proximity of all team members which allowed for direct and 
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quick communication. As a result, the teams preferred 
discussion to the model of objectives modeled in a list or a 
mind map to build consensus on the SoO. 

4.3. Perceived added value of a systematic modeling of 
objectives 

Most of the IP participants perceived the modeling of the 
SoO mainly as a to-do and a mean to document team specific 
objectives. This implies minor added value. However, the 
interviewees acknowledged that the initial modeling of the 
SoO supports the creation of an initial team mental model and 
encourages the application of an objective-oriented rather than 
solution-oriented mindset. They suggested that the modeling 
of the SoO could improve the consensus building on SoO in a 
business context in which employees work on several projects 
at the same time, with different people in different locations. 

4.4. Identification of reference system elements 

According to interviews with the IP participants the means 
displayed in Table 1 were used to identify RSE during the 
project. The answers of the interviewees were clustered in the 
four categories research, interviews, discursive techniques and 
creativity methods. Discursive creativity techniques rely the 
evaluation, recombination and structuring of scientific 
knowledge, experience and results of creativity sessions [17]. 
Intuitive creativity techniques are strongly related to sudden 
inspiration [17].  

Table 1. Methods to identify reference system elements. 

Category Method 

Research 
 

Internet 

Trade fair 

Technical literature 

Patent 

Company and business sector analysis 

Field trips 

Interviews Experts 

Individual network 

Discursive creativity 
techniques 
 

Bionic 

Morphologic box [49] 

Design catalogue (in combination with C&C² [50] 

Design by analogy[51] 

TRIZ 

Intuitive creativity 
methods 

Brainwriting /Brainstorming 

Method of negation and construction[49] 

6-3-5- brainwriting 

Emotive word/imagines/questions 

Six thinking hats [52] 

Some teams used a selection of objectives in combination 
with a discursive technique to identify RSE. One approach 
was to select a set of objectives and to use these to identify 

technical systems that had one or more objectives in common 
with the SiD.  

Next, for each selected RSE a SoO was inferred and 
compared to the SoO of the SiD. Depending on the similarity 
of the two models, either a new RSE was selected for 
evaluation or the model of PGE was used on the RSE. The 
necessary variations needed to integrate the RSE into the SiD 
were classified. This followed by a decision regarding its 
rejection or implementation. 

5. Discussion 

It is crucial for the elicitation of objectives and their 
validation to experience relevant technical systems in 
operation, including their surrounding and their interfaces. 
This increases the individual understanding of the SiD to a 
level that allows the engineering teams to address specific 
issues during the expert discussions. Statements and 
comments of the experts are better understood, and the 
engineering team is able to put them in context and to infer 
objectives from these. The mentors of the industrial partner 
have a significant impact on the elicitation and validation of 
objectives and track the progress and attainment of objectives 
in weekly reviews both regarding the whole project and the 
upcoming milestone. 

Although the teams are instructed to model the system of 
objective (SoO) together, the modeling is done by one distinct 
person, as responsibilities are assigned to a specific team 
member. Often, this coincides with the responsibility of 
documentation. In this predevelopments project modeling the 
SoO in lists or mind-maps does not increase performance as 
was initially expected [25], which is due to physical proximity 
of the team members in their cubicle [53,54]. This means that 
teams quickly achieve a consensus on the SoO as the 
proximity reduces inhibitions of team members to interact and 
team members quickly gain each other’s trust [55]. This 
enables them to discuss objectives and discrepancies of their 
mental models at any time. Thus, the benefits and the 
perceived added value of modeling the SoO with a software 
did not justify the effort. This might differ in case of 
distributed work settings. Hereby, the explicit form of 
objectives is likely to be used differently as team members 
lack the ability of direct communication, meaning nonverbal, 
emotional and visual communication is limited [56]. In these 
instances, the SoO might support formal and visual 
communication. 

In predevelopment projects the identification of RSE relies 
mainly on brainstorming, discussion and other creativity 
methods. The quality of the results of discussions and 
creativity methods profits from diverse team members as they 
stimulate each other’s thoughts and the individual knowledge 
and experience. Additionally, the professional networks of 
team members can significantly support the assessment of 
validity, meaning the RSE can be varied according to PGE to 
integrate it in the SiD. Once functions, properties or 
characteristics of the SiD are known discursive techniques can 
be used to identify RSE. This requires a consensus on the SoO 
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and relatively high level of detail of the objectives that have 
been selected to be used in the discursive technique. However, 
this benefit remains unknown to the teams and therefore is not 
perceived as added value. 

6. Outlook 

Further research is required to explore the transferability of 
the system of objectives (SoO) between product generations. 
This research should observe the potential change in usage 
and perception of the value added by modeling the SoO for 
several consecutive product generations and their derivatives. 
Another interesting aspect is to validate the benefits of 
modeling the SoO in distributed work settings. 

Additionally, research should explore means to support 
engineering teams in their utilization of the SoO to identify 
RSE using discursive techniques (e.g. TRIZ) as well as 
methodical support for the classification of necessary 
variation of the RSE according to PGE. 
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and relatively high level of detail of the objectives that have 
been selected to be used in the discursive technique. However, 
this benefit remains unknown to the teams and therefore is not 
perceived as added value. 

6. Outlook 

Further research is required to explore the transferability of 
the system of objectives (SoO) between product generations. 
This research should observe the potential change in usage 
and perception of the value added by modeling the SoO for 
several consecutive product generations and their derivatives. 
Another interesting aspect is to validate the benefits of 
modeling the SoO in distributed work settings. 

Additionally, research should explore means to support 
engineering teams in their utilization of the SoO to identify 
RSE using discursive techniques (e.g. TRIZ) as well as 
methodical support for the classification of necessary 
variation of the RSE according to PGE. 
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