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Abstract: In order to improve the use of methods, the whole field in which methods are applied
must be taken into account. There should be a substantial increase in the effectiveness of using
methods in design projects, as well asin the support in learning and teaching them. The optimiza-
tion of methods should follow a holistic approach, which includes influencing factors, such as
education, designers, and organization. This paper presents and discusses an experience-based
analysis of reasons why methods don’t work. Based on the analysis, some approaches for improv-
ing the transfer of methods are also presented. The paper closes with an outlook on the research-
project “ pinngate’ at the department of product development and machine elements (pmd) at

Darmstadt University of Technology.

1 INTRODUCTION

In the range of product development a multitude of
established and new design methods can be found in
literature, method collections or databases. Exam-
ples are well known references such as Pahl [10] or
Ehrlenspiel [6], who assign design methods to cer-
tain design phases of product development or relate
them to special access items. Within the Internet the
so-caled MAP-Toadl [9] is an example for a method
collection especially arranged for industrial users.

Principally in European countries, Systematic De-
sign has been elaborated since the mid-sixties. The
importance of design methods is generaly accepted
and companies are forced to develop innovative
products methodically. Amazingly, it has to be said
that methods are not widespread among industries
and empirical investigations observing designers in
industries often demonstrate a mix of intuitive and
experience-based behavior.

Based on a questionaire, Gausemeier [7] proclaims
that especially complex methods (e.g. QFD) are not

widely distributed. Methods which are easier to
apply and aim to increase the eficiency of product
development (eg. Credtivity Methods like
Brainstorming) are more frequently used. But in
truth, the use of these methods is mostly adapted to
specific needs and differs considerably from a
regular procedure.

The question should be: why do we have this situa-
tion after nearly 40 years of design science? And -
even more urgent: how can we change this situation?
This paper attempts to answer both questions in re-
gard to the transfer of methods in university as well
asinindustry.

At the department of product development and me-
chine elements (pmd) of the University of Technol-
ogy in Darmstadt the education of students as well
asthetraining of designersin practice hasalong and
cultivated tradition. The approachesin education and
training as well as experiences are presented here,
and it all leads to a holistic approach which should
overcome quite aremarkable set of problems.
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2 TEACHING DESIGN METHODS
AT UNIVERSITY

At university students normally acquire knowledge
and methods in lessons and goply this knowhow in
exercises. Teaching methods for product develop-
ment is mostly split up between a basic course and
an advanced course. While the basic course mainly
focuses on teaching well-structured factual knowl-
edge, the advanced course focuses on process
oriented and methodological knowledge.

The reason for this two-step approach is based on
the hypothesis that without knowledge students can
hardly design properly, and therefore, a solid foun-
dation of knowledge must be built up before they
work in design projects.

2.1 Teaching knowledge vs. teaching
methods

It is usually so that teaching design methods is more
difficult than teaching knowledge. Students nor-
mally have a poor practical experiencein thefield of
product design, and therefore, it isdifficult for them

1. to design successfully without sufficient
knowledge, and

2. to understand and estimate the value and profit
of design methods due to a lack of experience
with alternative procedures.

A conventiona learning process is therefore often
interrupted by interpolated questions. Furthermore
only examples of methodical design processes,
which are easy to follow because of its limited prod-
uct knowledge, are understood well. However stu-
dents mostly fail at working on more difficult and
complex tasks.

2.2 Specialized approachesfor teaching
methods

In order to optimize the education, the department of
product development and machine elements started
to restructure its content and its approach to teaching
methods. Five years ago a first project was arranged
in teaching machine elements [1], followed two
years later by a teaching project in product devel-
opment. Both projects aim to improve the under-
standing and the application of methods.

221  Structured knowledge for methodical use

In machine eements education a fundamenta
change was made by integrating mechatronic ele-
ments and —due to the limited time for teaching-
shortening mechanical elements. Theincrease of the
variety of elements forced the restructuring o con-
tents.

If afterwards students are to design even simple
mechatronic products, they need an overview of
mechatronic elements structured in terms of func-
tionality. Therefore, based on the principles of asys-
tem model approach, al mechine elements (Fig. 1:
Mechanical gears structured in design cataogues)
are presented in the paperwork structured in design
catdogues[11], [2].
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Fig. 1: Mechanical gears structured in design cata-
logues

Finding and evaluating solutions for their specid
tasks is much easier for students now. This methodi-
caly adapted structure and presentation of knowl-
edge is one example which has proven to be a mgjor
step in supporting methodical work. It builds up a
knowledge base, which can be extended later on by
additional courses.

222  Teachingmethodsin project work

The machine elements course ends up with a “de-
sign-project”. Students have six weeks to solve a
conceptual design problem in teamwork. The opti-
mal solution of the given problem is not obvious, so
that aternative solutions must be crested and dis
cussed. This leads the students to red design tasks
and problems, and demonstrates how efficient prob-
lem solving can be using designmethods.

Working in projects, students also acquire a more
profound understanding and basic competence in
applying methods. Through making mistakes,
changing their problemsolving behaviour and
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achieving success, they acquire a kind of heurigtic
competence amost automatically.

223 Teachingamethod —and itsconvircing
use

The course Product Development in the second
phase of one's study at university consists of lec-
tures and exercises, similar to the course in Mecha
troni ¢ Machine Elements.

All lectures are structured in the same way:

o Thefirst part of alectureis an example, which
motivates the students and helps them to un-
derstand the benefits of the specific method.

0 After that, an overview about the objectives of
the lectureis given.

0 Animportant part consists of definitionsin or-
der to build up a common language between
teacher and student.

0 The contents are divided into “Development
Process’ and “Design Methods®. This supports
the understanding that the development process
can be created independently from specia de-
sign methods.

0 To explain the contents several smple exam-
ples are presented. A design case at the end of
the lecture demonstrates the use of the design
method while solving a complex design prob-
lem and emphasizes its benfit.

224  Allow studentsto gain experienceinde-
pendently

L ectures are complemented by exercises, structured
similarly to the lecture. The guidance within these
exercises is a kind of coaching and students should
have enough time to try the application of methods,
to correct mistakes and to discuss their problem:
solving process. To increase motivation

o al theexercises use the same object (e.g. an
inclinometer - a kind of sensor - in the last
term)

0 the exercises simulate a rea developing
situation. This forces the students to con-
cretize the given tasks and to find an effec-
tive way to solve the problem in time.

o the students work in teams with 4 to 6
members. A member of the department
who has experience in rea development
projects coachestheteams.

0 The solutions of the different teams are
published in the Internet.

0 Phases of reflection at the end of each exer-
cise help to deepen the understanding.

2.3 Experiencesin teaching design
methods

The measures mentioned above for improving the
success in taching methods considerably increase
the success of lectures and exercises. The number of
students increases from year to year (at the moment
160 students) athough students are alowed to
choose other lectures. The rating of the lecture by
studentsis quite good, too.

However, one has first to recognize, that this kind of
well prepared lecturing and intensive coaching re-
quires a huge effort in elaborating paperwork and
PowerPoint-slides and in running the course. It isthe
quality of the staff and the manpower needed for
preparing and running the course that are responsible
for these good results.

A second point must be mentioned here. Educating
students in the manner described above is not suffi-
cient to ensure that they will use design methods in
their later career. Even in later courses or project
work at university students normally try to solve de-
sign problems conventionally: with intuition and ex-
perience. Although methodical knowledge is ex-
pected to be fully alert, most studentsfind it difficult
and time-consuming to use design methods. Sustain-
able methodical work seems too demanding for
more sophisticated ways of teaching.

3 TRAINING DESIGN METHODS
IN INDUSTRY

In order to transfer design methods into practice and
to support the application of methods in product de-
velopment, the pmd department has redized work-
shops for practicians in industry for more than 10
years. The teaching concepts and the content differ
significantly from the courses for students at univer-
sity. Unlike students, industrial designers have a lot
of product specific knowledge, but lack a detailed
knowledge of design methods. They are accustomed
to their own style of problem solving and are often
unwilling to accept new problemsolving proce-
dures.

3.1 Designersarenot students

To better understand why designers do not often use
design methods in their daily work, a more detailed
look at their work situation is necessary.

In design work one will find a lot of specific restric-
tions, a lack of resources, and above dl, high time
pressure. Everybody is expecting an immediate reac-
tion to problems and designers are constantly
pressed for fast solutions. Therefore designers are
obviously forced to react spontaneoudly to these re-
quirements.
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In addition, designers are frequently forced to decide
and to act immediately depending on the actua
situation and based on their own experience. There-
fore they do not like dtrictly defined design proc-
esses with their inflexibility and rigidness.

Furthermore, designers as human beings are exposed
to a high emotional pressure and one cannot expect
them to always make completely rational decisions.
Therefore barriers often arise preventing designers
consciously or unconscioudy from using design
methods.

Forced by the requirements of their daily work, de-
signers are interested in key-turn tools and hints
which are ready to use immediately. They are inter-
ested in a problem-oriented way of learning “on the
job”, applicating the methods directly in their daily
work. This also implies that a trainer without a com-
parable depth of product knowledge normally fails
in teaching methods because of his lack of under-
standing in the actual design problem.

The specid situation in design departments
obviously needs a speciad way of teaching design
methods, which is unlike the university approach.

3.2 Specialized approachesfor training
methods in industry

321 Theroleof theproject group

In order to analyse the reasons why design methods
are only used sporadically in practice, the
departement of pmd founded in 1995 a group of
researchers caled the “Project Group”. This group
has accomplished many co-operation projects with
different industrial partnersin the past. Normally the
project teams consisted of three to eight members
both from industry and university. The designers of
the industrial partners contributed the specid
product and process knowledge, whereas the
members of the department distinguished their role
astrainers and coaches for methodical design work.

The objective of the project group is not to work on
new methods, but to ensure the successful transfer of
methods in industry and to investigate and overcome
certain barriers for a successful transfer.

322 The Transfer-Workshop approach —
training on thejob

A first approach to overcoming the barriers in the
transfer of methods into industry is the “Transfer-
Workshop”. Transfer-Workshops are a consequent
development of standard seminars adjusted to the
specific situation of designersin prectice.

Conventiona seminars cannot normally be adapted
to the specific tasks and needs of the participants due

to the heterogeneity of the audience. Therefore the
main objective of such seminars, the transfer of
methods, is hindered by the effort needed for under-
standing the more or less convincing examples often
very removed fromthe designer’ s background.

In contrast to seminars, the training in Transfer-
Workshops takes up a specific problem of the in-
volved designers, mostly a current developing task.
The participants work independently on the problem,
coached by the trainer.

This kind of teaching fulfills the requirements of de-
signersin practice much more than normal seminars.
The designers are able to train the learned methods
while solving a concrete problem in their field of

expertise. No transfer from product examples e
moved from one's own branch or product family is
needed and designers can see how methods work in
their own field of expertise.

On the one hand, Transfer-Workshops have a high
potential to optimize the transfer of design methods.
On the other hand, they demand high expenditure
from the coaches. In addition there is the risk that
the solution of a concrete problem is more important
for the involved designers than learning something
about design methods.

Besides this, the benefit of the used methods is often
played down after the first application. It takes are-
markable amount of a designer's self-criticism, to
admit, that methodical work is a better problem sol v-
ing procedure than one's own familiar procedure.

Finaly, one should be aware that Transfer Work-
shops require an experienced and highly motivated
trainer. Learning methods by self-study is not sup-
ported at all by this approach.

3.3 Experiencesin training design
methods

To coach designersin the use of methods is one goal
of the project group. To observe and anayze the
procedures designers use while designing is another
one.

During the project work an empirical investigation
was carried out [12], in which the use of methods
was evaduated. One part of the investigation
andyzed how the methodical know-how increases
during the projects. An initid sobering result was
that only 32% of the involved designers from the co-
operation partners had learned something about the
used methods (Table 1: Correlation of knowledge
and attitude).
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Table 1: Correlation of knowledge and attitude

Attitude

positive negative
2
5 81 4% 12% 32%
3
S £
83
5T 2| 3% 88% 68%
=

39% 61%

If the attitude of the co-operation partners towards
the methods is regarded, an interesting correlation
can be conceived. Designers with a positive attitude
(39% of the designers) learned significantly more of
the used methods (64%) than designers with a
negative or neutral attitude (12%). Obviously there
is a strong correlation between the attitude of
designers towards methods and the knowledge they
actually acquire.

But why is there such a large number of designers
who refuse the design methods (61%)? In the
following chapter a set of deficits of the use of
methods in industry is pointed out.

331 Designersthink in objectsand not in
models

Using design methods properly is not only a
question of the knowledge of methods but adso a
question of knowledge of the theory behind them. It
appears clearly that designers are mostly lacking
knowledge of functional decomposition, of basic
principles for developing systematics, of principles
of structuring and recombination, or of the area of
physical effectsasabasisfor product innovation.

To work methodically a clear concept of product
modelling is necessary, a linguistic consciousness
and the ability of abstraction, which is the ability to
recognise the important and urgent aspects and to
concentrate on them first.

Without a doubt in regard to these requirements,
there is alack of education even in universities. It is
no wonder that most designers, who did not study at
university are not able to handle methods effictively,
to fit new methods into their knowledge-space, or
even to adapt it.

332 Methodsmust fit the situation

Another problem arises when methods well-learned
in courses or picked up subconsciously are not used
due to misunderstanding the situation the designer is

actuadly in. If he does not properly assess the situa
tion and estimate his “degree of freedom” in terms
of working methodically, he will neither be able to
select the suitable method nor use it successfully.

In heavily problemloaded situations even well-
trained practicians sometimes fail to detect possibili-
ties for the successful use of a design method. Espe
cialy under high time pressure, designers often try
to proceed as they did in the past to avoid mistakes
and time losses. Hurry on as fast as you can! The
only goal isto get a draft, a sketch for presenting it
ontime.

3.3.3 Thefirst solution isthe best

A large barrier in the application of design methods
isthe consciousrefusal of them for obvious reasons.
Frequently for most designers the first idea seems to
be the most charming one. Problems accompanying
a more complex solution are either not visible or
consciously neglected.

Furthermore, if there are no competing ideas, -
signers do not have to fear criticism by developing a
solution that is not a global optimum. And if the so-
lution later fails or causes severe problems, one can
find alot of excuses and reasons “why not...”.

334  Poorly presented methods ar e poorly
used

The description of design methods often varies con-
cerning the kind and volume. Similar methods or
facts are described using various terms and in differ-
ent sequences. Thus, the search for methods design-
ersinindustry isreally complicated.

Moreover design methods are mostly described to
impart knowledge, not competence. Authors of
methods normally neglect the fact that creating a
method like FMEA or QfD isonetask, but it is quite
another and rather challenging task to transfer meth-
ods into practice sustainably. Neither abstract d-
scriptions of design methods nor highly formalized
procedures with a step-by-step approach will support
designers substantially to use methods successfully.
Didactical elements such as application-oriented ex-
planations, hints, aids and assessments are seldom
pointed out separately.

This focus of most method-descriptions has to be di-
agnosed as afact, asthe main target group for paper-
based method descriptions in books is the scientific
community — and not the designers. The needs of
designers are often considered less.

Spesking of designers as a homogenous class of
people is a further oversmplification. We have to
recognize the huge variety of designers from the be-
ginner to the expert, from a technical drawer to the
design manager for complex power plants, from the
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aircraft specialist to the expert for designing cutting
tools. It should not be at al expected that al these
designers a single method description presented in a
chapter of abook inthe sameway.

335 Good productsare designed without the
use of methods

We must aso be aware that many good products ex-
ist or were designed without any explicit use of
methods. Further empirica research with conven-
tionally and methodically working designers [8] did
not provide convincing results, that designers work-
ing methodically design substantially better.

Even extensively trained and experienced methodo-
logical designers may not recognize the value of de-
sign methods, kecause they are not depending on
them and succeed without them, using their self-
made toolbox. And not being convinced of the value
of methods is a killer-argument for applying a
method by themselves, as well as in a design team.
Could a formal application of methods cause any-
thing else besides trouble and criticism?

336 Toomany methodsand too few tools

Besides the problematic description of design meth-
ods there is a severe lack of useful tools. In practice
designers use powerful CAD-systems for modeling
complex parts, components and products and simu-
lation tools for calculating strength, stresses and dy-
namic behavior.

In contrast there exist only a few software tools for
supporting the early phases of product development.
Management of requirements, functional modeling
or combination of working principles is supported
only by some tools, which are mainly designed for
individual use and specific problems. Due to their
inflexibility they produce isolated results, which
cannot be transfered to other tools or databases.
There is no known tool supporting the early phases,
whose results, for example, can be transferred to a
CAD-system! In addition most of these tools are not
intended for teamwork and they are often completely
useless or even obstructive in dynamic meetings.

337 A sobering summary

Teaching and learning strongly depends on the spe-
cific situation the designer is working in and on its
individuality. Furthermore various barriers increase
difficulties in training methodical design. Experi-
ences show that the wide-spread use of design meth-
ods cannot be achieved by isolated and uniform les-
sons and training. Rather integrated concepts are
needed which teach students a university as well as
practicians in industry, and which take into account
the specific situation of a design task and its envi-
ronment. These concepts also have to include pow-

erful tools supporting the application of design
methods.

4 A HOLISTIC APPROACH

4.1 Embedding the use of methodsin
theindustrial organization

Education and training of designers aone cannot
guarantee the use of methods in their daily work.
Experiences show that product development projects
are not necessarily carried out methodically after de-
signers have visited a seminar or training course,
even if the course was convincing and considered to
be successful. In addition to the skills of the design-
ers, the use of design methods is strongly dependant
on the situation and environment of the company.
One can see that there are three major influences at
work here:

0 Organizationd embodiment of methodica
work in the company, e.g. in a development
guideline.

0 Attitude of the management and the way they
look at methodical work

0 Atmosphere of the company is beneficia for
innovations and promoting project- and team-
work.

Regarding product development as one of the most
important processes of the company, which is done
best in project manner, is the prerequisite for work-
ing methodically. Defining this development process
based on methodical principals prepares the organ-
izational anchoring of development methods best.
By doing so, the whole process is structured into de-
fined sub-processes and milestones, which arelinked
to partial results that can be verified.

On the other hand these demanded results correlate
to design methods. For example clarification of the
task and release of the requirement list, as well as
conceptual design and release of concepts can be es-
tablished. In thisway planning far enough ahead and
efficient budgeting @pacities emphasize the early
phases of the development process. Also the
achieved results, e.g. requirements list and concepts,
become very important since far-reaching decisions
will be made based on them. Moreover, former
sketches and drafts will become important docu-
ments in the devel opment process.

By defining the development process the application
of design methods can also be explicitly demanded.
For example QFD can be defined as permission for
gtarting the development process or FMEA for the
start-up of production.

But even prescribing application of methods by law
is no guarantee that designers attach great impor-
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tance to them. It may be that designers use methods
but only superficially and formaly and without
profiting much from them. In order to firmly estab-
lish design methods the support of the management
is also needed. Executive personnd has to show that
they take methodical development seriously by re-
viewing the results of defined processes and accord-
ing methods. The management can further underline
their intention of etablishing design methods by
linking up releases of development budgets with re-
sults of these. Management and executive personnel
can further prove their positive attitude towards me-
thodical development by supporting the project
manager e.g. by moderating large design meetings.
They can cultivate stimulating project and team-
work by participating in meetings, thereby empha-
sizing the importance and the objectives of a devel-
opment project.

In addition the management can offer designers me-
thodica training and coaching. Furthermore it is up
to the executive personnel and management to set up
an atmosphere that promotes teamwork and is con-
ducive to innovation. They can further the designers
creativity and new and revolutionary ideas by &-
sessing and rewarding devel opment results.

4.2 Improving thetransfer of methods

Obvioudy a holistic approach for the transfer of
methods is needed, considering al the influence fec-
tors. This approach is aimed a eliminating deficits
concerning the surroundings of the designer, the de-
signer himsdf as an individual as well as a team
member, the availability and quality of design
knowledge, supporting tools and the sustainable
transfer.

421 ThePinngate-approach

Such a holistic approach was generated within the
project “thekey” [3] and developed as the “ Pinngate’
approach in the pmd-department at Darmstadt (Fig.
2: The Pinngate-system).

{ Holistic improvement of the use of design methods
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The designer is placed in the center of this approach.
All suggested improvements are intended first of all
to fit to hig’her individua situation, hisher specia
background education and higher task specific
needs.

The aim of “Pinngate” is to build up learning and
training systems. Flexibility, individuality, adapta
bility and up-to-date available information are the
main goals of the Pinngate-system.
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Fig. 3: Sub-systems and contents of the Pinngate-
system

422  Flexibility and individuality definethe
Pinngate- structure

Asthefirst part of the Pinngate-system, a knowl edge
pool for the designer is provided, including theory of
product development, design methods, exemplary
cases and a collection of described solutions and ob-
jectsfor different design tasks.

The contents of product development knowledge
have to be available in a broad range and rank high
in qudity. On the same note, individuality in pre-
senting and nearly complete flexibility in use and ar-
rangement of contents has the highest priority. To
achieve these demands, the contents of the know-
edge pool are structured in a highly modularized
way, so they can be adapted to individual needs and
specific design problems. Especially the design
methods are described in a standardized and struc-
tured way, using a Process Oriented Method Moddl.

As the second part of the Pinngate-system, teaching
and learning documents are provided for designers
and students. The teaching and learning documents
can be derived from the modularized contents of the
knowledge pool. Therefore a so-caled “configura
tor” arranges single content-parts up to a wherent
document for one or severd themes. This enables
the configurator to consider different aspects of spe-
cia target groups and to choose a suitable kind of
presentation, such as a script, a slide presentation or
even an E-learning environment.

A third part of the Pinngate-system provides soft-
ware tools especially for the conceptua phase,
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which should be applied by designers in practice
when they are using design methods.

Product designers in practice are confronted by a
huge amount of restrictions and requirementsin their
product development process. Corresponding to the
company they often have to consider special work-
ing rules or normative regulations. Furthermorethey
have to use certain design methods and are required
to document the working steps and results.

In contrast to this, product developers should have
the best possible flexibility and freedom in planning
and organizing their development procedure and in
applying design methods to support their creativity
and problem-solving ability.

To satisfy al these different demands, specialy
suited design method tools should support product
developers. A design method tool is defined as soft-
ware, specialy developed for certain design meth-
ods, such as evaluating a method or morphological
box.

The main am of such design method tools is to
close the gap in a defined product development
process, including the documentation and flexibility
and individuality in usage.

Most importantly, the intended method tools should
be applied by designersin practice when they are us-
ing design methods.

5 SUMMARY

The proper use of methods is not only a question of
having access to a description of methods. Success
ful methodicd design depends on a variety of influ-
entia factors, such as the design task, the individual
designer, the basic theoretical knowledge behind the
method, and the company with its organization and
culture.

Experienced trainers with a wealth of task and prod-
uct specific knowledge and open minded designers,
keen to improve their design behavior are key-
factorsin the successful transfer of methods.

Asthese design trainers are rare, one approach for a
widespread and intensive use of methods is to adapt
specific faculties of adesigner by powerful software
tools, based on a well-defined modularization con-
cept of contents as it is done in the Pinngate g-
proach. This requires a holistic approach with a cus-
tomized focus on designers and their individua
needs. A nearly unlimited flexibility and adaptability
of methods is needed to obtain an indivi dual method
toolbox.

Nevertheless the role of atrainer remains an impor-
tant one. It is similar to Internet-based teaching and
learning systems: there is alarge change for improv-
ing the transfer of knowledge and faculties with

powerful tools, but the most convincing doproach
seemsto bethat of “learning from the experts’.
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