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Abstract

Although numerous methods exist for the product development process they are not regularly
used in practice. One reason is that there is often not enough know-how available regarding the
integration of the methods in product development processes. In this contribution, results of an
open online survey are presented. Major findings of this study reveal that applied methods are
usually used with a certain focus, although all method categories can be found throughout the
entire product development process. Furthermore, the research results show that the variance
in the evaluation of the suitability of individual methods within a category was remarkably low.
Simultaneously the number of used methods within the corresponding category was spread out
since there are many seldom-applied methods that are evaluated as successful, so the purpose
of the methods’ research should be the provision of situation-appropriate methods to
developers.
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1 Introduction

The success of companies in the globalized markets of our time is largely determined by the
development of new products. To assist the companies in the innovative development of new
products the Federal Ministry of Education and Research initiated the project "IN 2 - from
INformation to INnovation" in 2012. The aim of the project is the encouragement of the
systematic development of innovations through an intelligent management of methods.
Although numerous product development methods exist and their utility is demonstrated in the
appropriate context, they are of a limited use in practice [1], [2]. One reason for this is missing
knowledge of how organizational practices can be effectively integrated into the product
development process (PDP) [3]. In order to face this problem, an application for mobile devices
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will be developed. This app, named ,,InnoFox”, recommends situation appropriate methods.
The input for this purpose was gathered analyzing processes of industry partners, the relevant
literature and results of an empirical study. This paper will present the major findings of the
empirical survey.

2 State of the Art
In the following Chapter the state of the art about (1) method application and (2) acceptance as
well as (3) the activities of product development is presented.

2.1 Method application

Due to increasing complexity of technical systems, shorter life-cycles of knowledge and a
constantly increasing time pressure in development projects, methods are of great importance
in product development processes. Methods describe a goal-oriented procedure. They have a
descriptive character and represent the generalized background of certain application cases.
They should serve as assistance for the attainment of a goal to the user. The outcome of the
application of a method is open [4]. Lindemann [5] understands as well as Ehrlenspiel [6] that
the term "method" means the description of a rule-based and planned action to perform certain
activities according to its specification. Thus, methods always have an instructional character.
They provide a step by step proceeding to solve a specific problem. A method can include the
use of different tools in order to achieve the goal. They can comprise guidelines which tools
should be used as well as the order in which they should be applied. Due to the varied work in
product development, numerous methods such as FMEA, QFD or morphological boxes have
been developed. These methods are used to enable the recourse on the experiences of others at
repeated problem patterns [4]. The design methodology refers to this general definition and
relates the term methods to product development and their environment. According to state-of-
the-art, the design methodology has thereby transgressed the limit of pure support of the
engineers and the management [7]. Furthermore the matters of facilitating organization,
planning and concept development are addressed [6], [8].

2.2 Acceptance of methods

Methods of product development intend to support the developer effectively in his tasks.
Despite the wide range of methods and process models at different abstraction and granularity,
these methods have so far been insufficiently integrated into daily development practice and
even in this context only rarely fully exploited in their potential [9]. Franke et al. [10] find that
successful firms use more frequently methods during PDP, especially analysis methods. These
methods are not only used in the idea phase but also during the concept development and later
stages of the PDP. Yeh et al. [11] show that methods appear to be effective although engineers
use them rarely in praxis.

Although numerous methods exist and their use has been verified, in practice however they are
not regularly used [1], [6]. One reason for this is that often there is not enough available
expertise about how methods can be appropriately integrated in the PDP [12]. In spite of large
number of available methods, only a few of them are accepted. Recent research has therefore
dealt with the investigation and description of the reasons for the lack of acceptance of methods.
In this context, for example Jansch [2] and Bender [13] conclude that science is often too far
away from reality. The individual needs and abilities of every single human as well as the
individual working and thinking styles have been taken into insufficient consideration. In
addition, the verifiability of improved results and decreased development effort due to the
method approach can be revealed to a limited extend, meaning under specific conditions. The
integration of operation cycles and the consideration of company goals are also rather rarely
regarded. Another mentioned reason for criticism is that methods are often only theoretically
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depicted and cannot be adjusted to the actual situation. The selection and editing of methods
are in most cases not user-friendly. The sum of the listed points of criticism results in a lack of
acceptance of methods being put into practice. However, the availability of knowledge and
acceptance represents a major basis for a successful introduction and deployment of methods
[14]. Therefore the methodological research should provide, with respect to the situation, also
new and suitable methods to the developer. Consequently, the distribution of new and efficient
methods enables to broaden the developer’s horizon which can reinforce an efficient product
development as well.

2.3 Activities in product development

Many common process models often do not account sufficiently the importance of iterations
within the development process [1], [15]. Wynn [1] criticizes a narrow focus and a high degree
of abstraction. Methods and process models contain too little recommendations on how they
should be applied. In order to increase acceptance of methods in companies, it is crucial to
introduce the right methods at the right point in PDP [16]. For this purpose methods and
processes should be considered together [3]. Beyond that it should be taken into account that
every development process is unique and individual [17]. In order to ensure comparability of
method approaches of different companies throughout the PDPs, a generic view on the product
engineering process is necessary. One model, which allows this, is the integrated product-
engineering model (iPeM) [18], [19]. The iPeM, shown in Figure 1, is particularly well suited
as a framework for the allocation of methods [20]. On the one hand the blue (a) marked
activities of product engineering represent the relevant fields of action of the product developers
[21]. This means that these fields represent search regions which can supply the necessary
information. In the metamodel iPeM, the orange (b) marked SPALTEN problem-solving
process is used to specify the activities [22]. Spalten is a German acronym which means “to
split” and it stands for a cycle of problem-solving activities in a specific structure or sequence;
situation analysis (S), problem containment (P), detection of alternative solutions (A), selection
of solutions (L), analysis of consequences (T), deciding and implementing (E) and
recapitulation and learning (N).
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Figure 1: integrated product-engineering model (iPeM) with a) activities of product engineering
(blue) and b) activities of problem solving (orange) [18]
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3 Research Questions

Considering the state of the art, it can be determined that PDPs are insufficiently supported by

method application. One reason for this is the lack of transparency in situation-appropriate

method selection in the PDP. The aim of the project IN? is to improve this by addressing the

following working hypothesis.

By a situation- and needs-based recommendation of methods, the developer can be supported
which can lead to an increase in the acceptance of methods.

The aforementioned discussion leads to the research question:
Which method can support developers situation-appropriate during the product development
process?

The research question will be studied in long-term. However, this paper provides a contribution
by answering the following questions:

1. Which method categories are used in practice?

2. Which method categories are suitable for the individual activities in product
engineering?

3. Which are the preferred methods in the respective activities and are they adequate?

4 Methodology

The underlying idea of this paper is the empirical study of method application in the PDP.
During the research project IN*> — from the Information to Innovation — a survey was
implemented covering aspects of method application and innovations management in the PDP
of companies.

The inquiry was presented online. The survey was sent from the research institutes and
participating firms within the research project IN? to companies employing engineers. Thus, it
is not possible to determine an accurate respondent rate. However, 247 engineers have
participated in the online survey, resulting in 131 full answer sheets of all 33 questions. The
questions concern four central aspects: method application in PDP, innovation and knowledge
management and incentives to secure an adequate knowledge management. Additionally
various firm characteristics were subject to the inquiry.

The survey provides answers from companies of miscellaneous size and branches. In Figure 2
it is shown that large companies with more than 5000 employees represent the biggest fraction
of the sample, small firms with less than 250 employees represent nearly a quarter.

Metalworking Automobile

1-49 ik and processing  anufacturer
>5000 electrical 6 6%
engineering 8.3% 2
Automotive
45,7% supply

industries

Machinery
and plant
engineering

Other sectors
15,0% 1000-5000

Figure 2: Size of the company, measured as the amount of employees and the industrial sector
(multiple choice answers were possible in both cases)
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The respondents’ companies are confronted with different activities, ranging between the
enhancement of existing products (1) and completely new product development (100). Most
companies deal with the development of existing products. Thus, they face more a product
generation development instead of creating completely new products in their PDP. Therefore,
several technological leaps and innovations between the different generations of products are
possible, but the basic structure of the products remains largely the same. [24]

A% it
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Figure 3: Company focus: further development of the existing products (1) till new
developments (100)

The study covers the activities that participants take part in the PDP and the method categories
(e.g. creativity, analysis and evaluation) that are most frequently used within these activities.
Additionally, it was investigated how methods, used by developers, are rated regarding their
quantitative and qualitative applications. Figure 4 represents the frequency of PDP activities of
the respondents on a percentage scale. Although the picture demonstrates that the respondents
are confronted with all activities of product development, most of the survey respondents face
the first-mentioned in the activities of product engineering (project planning and controlling,
profile detection, idea detection, modelling of principle solution and embodiment and
validation).

100%
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40% 39%
40%
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20 15%
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Project Prafile Idea Modelling of Validation  Product  Production  Market
planning  detection  detection  principle system launch
and solution and anginearing
controlling embodiment

Figure 4: Focus of activities of product engineering

5 Results

In this chapter the results of the study regarding (1) the application of method categories, (2)
the suitability of the categories in the activities of product development and (3) the application
and assessment of specific methods within a category are presented.
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5.1 Application of method categories

The focus of the study was on the use of methods along real ongoing product development
processes. Thereby, one question covers the activities of the product development process the
participants are involved and which methods categories (e.g., creativity, analysis, or evaluation
methods) are most frequently used.

1000
' 86.3% 50.9%

B2.7%
80.0% B7.6%
B0.0% 5T.1%
40,0%
20,0%
0,0%

analysis  crealivity evaluation planning methods for
methods methods methods and controd rework and
meathods learming

Figure 5: Percentage of people who already have applied the method category

It can be seen that analysis, creativity and evaluation methods are frequently used in practice
while only 50% of the engineers employ methods for rework and learning.

5.2 Suitability of the method categories in activities of product development

This chapter will consider the question which methods categories are most suitable for the
individual activities in product engineering. It provides results of the quantitative and
qualitative method category application. The suitability of the respective method categories
were answered on a Likert scale.

The survey covers how methods are evaluated for qualitative use (Figure 6). Major findings
reveal that applied methods are usually used with a certain primer focus, though all queried
method categories can be found throughout the entire PDP. Thus, for example creativity
methods are used not only during the idea generation but also for the support of profile detection
and modeling of principle solution & embodiment.
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Figure 6: Suitability of the method categories in the activities of product engineering
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These individual method categories can be assigned to the iPeM problem solving steps of
SPALTEN. S, P: analysis methods (e.g. benchmarking), A: creativity methods (e.g. community
platform), L, T: evaluation methods (e.g. value benefit analysis), E: planning and control
methods (e.g. jour fix), N: methods for rework and learning (e.g. lessons learned). In order to
make the results of the survey (fig. 6) accessible in individual situations in the PDP, the Method
categories are assigned to the iPeM in Figure 7. In this way the different methods can be
classified and assessed according to the typical product development activities. By this
assignment, it is possible to recognize in which activity which type of method is to use sensible.
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Figure 7: Rating of methods categories according to the iPeM product engineering activities

RECEmN

5.3 Application and assessment of specific methods within a category

In Figure 8 and 9 the frequency and the classification of the success of various methods is
shown (within the categories creativity and evaluation methods). Beam a) was received using
the frequency of the respective method application while beam b) deals with the perceived
success of the method application based on a Likert scale.
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Figure 8: Quantitative and qualitative methods used within the category: creativity methods
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Figure 9: Quantitative and qualitative methods used within the category: evaluation methods

It could be found a very high level of method use over the different categories. However, Figure
8 and 9 show that the use of methods is limited only to a small number of selected methods
within a category. For example, brainstorming is used in the field of creativity methods by
almost every engineer (98%), while other methods such as 6-3-5 (42%) or brain writing (36%)
are less than half as often used. It is conspicuous however that, even the methods used
infrequently are considered as successful, as the most popular method. The variance in the
evaluation of the suitability of the individual methods was remarkably low, while at the same
time the number of used methods within the corresponding category was spread out. Thus,
brainstorming, as one of the creativity methods, was by far the most frequently stated method;
whereas, the suitability of other creativity methods was evaluated constantly well.

All results are computed using the mean of the respective answers. For robustness issues the
median as well as the trimmed values (alpha equals 5%) and variances were also computed to
avoid the impact of outliers. In order to save space, the results of these calculations were not
put into this paper. The results were not significant differently. Hence, the results are not biased
and the results are not significantly influenced by extreme values.

6 Conclusion and Outlook

Hence, it can be concluded that regarding the method selection the well-known methods are the
ones which are most frequently referred to and it is rarely questioned whether there are more
suitable ones for the current situation. The result is that a variety of methods will be developed
but the potential of this variety is not yet sufficiently exploited in practice. Since there are many
seldom-applied methods that are evaluated as successful, one purpose of the method research
should be the recommendation of situation-appropriate methods to the developers. Due to the
dissemination of new and more effective methods, a broadening of horizons of the developer
can be achieved. Thus, a more efficient product development can be pursued.

To achieve the method-recommendation, an application for mobile devices “InnoFox” (fig.10)
will be developed within the research and development project IN2. For an individual method
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recommendation, the current situation of the user must be determined. With the help of an
interactive questionnaire the situation will be translated into the iPeM activities of product
engineering and the activities of problem solving. With additional input of resource parameters
such as time, budget or human power, the pool of methods can be filtered. Consequently, only
possible methods are still recommended.

Community-Platform [ s % x|

© ANN B Of e OIS OF e SN IINS
Alabact

Figure 10: InnoFox — Application for mobile devices, which allows a situation-appropriate
method selection in product development process. Community-Platform according to [24]

Because of this selection process, matching methods in the areas of product development,
knowledge management and future management can be identified and displayed in
corresponding characteristics. The detailed method description gives the developer a quick
overview of the method, as well as assistance in the method application.

In following works, the “InnoFox” will be used by the project partners in order to evaluate the
usefulness of the applications.
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