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In this paper we will explain a detailed definition of design knowledge
which is then used as a basis for the selection and development of
methods supporting novice designers in handling knowledge within
the industrial design process. We will describe two empirical studies
on the application of supporting methods in different stages of the
design process. We will discuss in detail how the effect of these meth-
ods can be proven. In the first study, the improvement of the results
has been analyzed, whereas the second study incorporates additional
investigation of time savings and precision of goal setting.

1. Introduction

That knowledge plays a meaningful role for innovation in product
development is largely undisputed. There is, however, no agreement
about which kinds of knowledge are relevant for the disciplines in-
volved. Obviously, industrial designers need a special kind of know-
ledge at the start of a product development. This has been observed
by analyzing design projects completed by students whose design
education is preceded by an engineering curriculum. The problem
has been described in qualitative case studies. Design students pre-
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pared diaries and retrospective descriptions of their design proc-
esses, collected notes and sketches with timestamps. In addition,
these students have been observed and interviewed. The investiga-
tion has shown that some students have difficulties gaining know-
ledge at the start of the design process. One reason for this could be
the uncertainty that novices feel at the beginning of design proc-
esses. Design problems are wicked problems: the goal as well as the
path leading to it is not known at the start. This causes wide room for
goal setting and realization.

Designing requires knowledge. Some novices mistakenly start the
design process with an extensive knowledge acquisition from exter-
nal sources. But the source of the larger part of knowledge used in
the design process is the designer himself [Goel 1995]. He must how-
ever be able to activate and use this source. We aim to provide meth-
ods, which help novices to start knowledge acquisition in their own
archive. In doing so, two aspects play a central role. First, the design-
er's attention must be focused on the knowledge, which is important
for the design process. Second, the problem must be simplified to a
manageable wickedness.

In this paper, we will define design knowledge in the sense of the
problem stated above. We will describe two studies, which follow dif-
ferent approachesto supporting the acquisition of design knowledge.
The first study investigates the achievement of training about hand-
ling knowledge for design students. The second study investigates
the impact of developing and analyzing narrative scenarios of usage
and prototypical users by certain methods. We will discuss problems
in analyzing the effect of the methods and possible solutions.

2. A Definition of Design Knowledge

There is a broad debate about the term design knowledge in the
recent time. It concerns function, structure and content of design
knowledge. The term design knowledge is fuzzy and comprises dif-
ferent applications. In order to be able to select and develop meth-
ods we need to define the term for our purposes. Our definition of
design knowledge is built upon elements and definitions of diverse
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scientific disciplines. Overlappings, inconsistences and some con-

tradictions of terms and contents that occur will not be discussed in
this paper.

The goal is not known at the start of the design process. Due to the

fact that it must be anticipated, we can ascertain from the categori-

sation of design knowledge according to Van Aken [2005] that the

above-mentioned activation problem deals primarily with prescrip-

tive object knowledge. From here on we will use the term design
knowledge to mean this subset.

Jonas [2004] describes not-knowing in the design process. At the
start of a design process, the designer knows almost nothing about
the goal. He knows just as little about the path leading to it. Notions
about the process, the environment and implementation of the
design object do exist, but these are neither precise nor verifiable
[Lawson 2006 and others],

Design knowledge is prior knowledge. Phases of systematic and op-
portunistic behaviour alternate while designing. During opportun-

istic phases, the designer recalls previous tasks or problems that he
has solved in a certain manner and applies them to the problem at
hand, even in cases in which a systematic approach might lead to
another, possibly better solution [Hacker & Sachse 2006]. (Unconscious)
use of prior knowledge can be observed in many disciplines [Schon

1983], and studies show that it is inevitable [von der Weth 1994 and others].

In contrast to the field of engineering, design cultivates this behav-

jour [p,e‘ Cross 2003, Lawson 2004, Dixon/O'Reilly 2004].

Design knowledge is tacit knowledge. Design knowledge, for the
large part, is knowledge that exists but cannot be expressed in
words. According to Polanyi [1966] this tacit, or implicit knowledge
cannot be converted into explicit knowledge. However, tacit (design)
knowledge can serve as the basis for generating explicit (design)
knowledge [Nonaka & Takeuchi 1995, Rust 2004].

Design knowledge is episodic knowledge. The knowledge used by de-

signers can be divided into neuro-scientific knowledge categories
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[summarised e. g. by Uhimann & Schulze 2007]. During the design process each
of these categories of knowledge is used, but at the start the focus
lies on declarative knowledge, including its factual and episodic
knowledges. In industrial design, episodic knowledge plays a very
important role [Lawson 2004, Unimann & Schulze 2007 and others]. The same has
been proven for engineering disciplines [Visser 1995, von der Weth 2001].

Many studies suggest that design knowledge is everyday knowledge
[Lawson 2004, Visser 2006, Uhimann & Schulze 2007 and others], i. €. it is not solely

knowledge gained from education or work, but from the entire day-

to-day life of the designer. Many tangible and intangible socio-cultural
references contribute to the design process [Strickfaden 2006].

Design knowledge is objective, subjective and emotional knowledge.

Design knowledge concerns experiencing. In contrast to design engi-

neering, design focuses on the experiential relationship between the
design object and the user. This experience is an individual one, and
the evaluation of the object tends to be holistic. These judgements
include objective as well as subjective and emotional criteria, even
for the object’s technical functions. Experiencing, subsuming many
names, traditionally belongs to research about design methodology
and has recently been given more attention [p.e. Press et al. 2003, Budd et
al. 2003, Uhlmann 2005].

From the descriptions and definitions listed above, we conclude the
following attributes of design knowledge:
— ltis not known at the very beginning of the design process
— Itmust be acquired from the
—  prior (and experiential) knowledge
—  episodic and factual knowledge
— socio-cultural and everyday knowledge
— Itisimplicitand tacit
— Itis objective, subjective and emotional.

3. Application to Empirical Research

This description of design knowledge can serve as a guide for the
selection and development of strategies and methods, which support

«Focused»

289
dealing with knowledge in the design process. This has been and
will be done in two studies.

The first study investigates the implementation of certain stategies
of handling knowledge according to Reinmann-Rothmeier and Mandl
[2000] at the start and during the whole design process. This incorpo-
rates for example goal and time analysis, methods for knowledge
identification, development and evaluation. This is done for example
by using “W*"-questions, analogy methods or mind maps for visuali-
zation. In addition to that, the participants learn to use the Question-
Answering-Technique [Winkelmann et al. 2003] and principles of the task-
oriented information exchange [according to Neubert & Tomczyk 1986].

The second study investigates the impact of the development and
analysis of narrative scenarios [Steinmiiller & Schulz-Montag 2003, Gassner &
Steinmuller 2006], which focus on the relations between users and the
object to be designed. This set of methods is directly applied at the
start of the design process. It can be used by individuals or teams
and incorporates rather simple brainwriting and brainstorming
methods on topics concerning target groups and users experiencing
the product and as its core the development and analysis of narra-
tive scenarios about prototypal representatives of target groups ex-
periencing and using the product to be designed.

Whether such methods are successfully applied in the design proc-
ess or not depends not only on the subjective advantage of the
designer. Soft criteria like contentedness or acceptability are one
requirement for the success of such methods. However, the impact
must be proven by hard criteria (e. g. time saving, improved solutions,
better cost-benefit ratio), being stronger arguments for a broad
application of such methods in education or practice.

In literature, diverse strategies for the assessment of design solu-

tions have been described:

—  Using task-specific criteria: e. g. Romer [2001], Atman, Cardella,
Turns & Adams [2005]

—  Comparison to a reference solution: e. g. Wandke & Graf [2005]

— Using criteria not specific to the task: e. g. Meijer [2006].
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The first and the second approach require the awareness of all pos-

sible solutions, which is impossible in industrial design. Below, we
will discuss the difficulties of the assessment of design solutions
currently explored in two design research studies.

4. Study 1:Training for Handling Knowledge in Industrial Design

4.1 Research Question
In the first study, we focus on training for handling design knowledge.

The participants will learn strategies for dealing with design know-

ledge, which should be applied especially during the clarification of
the task at the start of the design process.

These strategies can also be applied later on in the design process

whenever it comes to the acquisition, development and the structur-
ing of knowledge. The training concentrates on identifying and map-

ping design knowledge as completely as possible at the start of the

design process. The knowledge acquired from the designer's own de-

clarative and especially episodic memory is then used as a basis for

goal setting and concept development at the beginning of the actual

designing. Relevant questions and hypotheses for this paper are:

Does the training for handling knowledge in industrial design affect

the quality of design solutions?

— Hypothesis 1.1: Solutions created by designers who attended
the training achieve better expert assessments than solutions
the same designers created before the training

—  Hypothesis 1.2: Solutions created by designers who attended
the training achieve better expert assessments than solutions
created by designers in the control group who did not
attend the training.

Additionally, the participant's acceptance of the training as well as
their increase knowledge has been tested.

4.2 Research Methods

The study has been planned and carried out as quasi experiment. A
total of 13 students of industrial design engineering participated in
the study. The design of the study is shown in Figure 1 [Fig.1+297].
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The impact of the training will be tested using the evaluation model
of Kirkpatrick [1998]. In this paper we only refer to the transfer level of
that model. To be able to reveal the impact of the training success at
the transfer level, the test persons tackled different design tasks
before and after the training. In order to get comparable results, the
assessment of the solutions had to be carried out task-unspecific.

In cooperation with experts we developed an evaluation scheme
incorporating the following criteria: creativity, aesthetics (overall,
syntactic and semantics), ergonomics, functionality, technical and
economic feasibility and overall impression. The assessment scale
ranges from 1 being "very good” to 6 being “unsatisfactory”. Few de-
sign solutions have then been assessed by three experts testing this
scheme. The data of the assessments of the different experts re-
vealed only little correlation and thus could not be taken as appro-
priate for this study. As a result, three other experts with similar
work experience had been given more precise instructions for test
assessment of a few design solutions. After that, these experts con-
secutively assessed all design solutions of the study.

4.3 Results

In order to prove the reliability of the scheme, the correlation of the
experts has been calculated using the Intraclass Correlation Coeffi-
cient (ICC). The ICC not only considers the tendency of correlation
but also the mean level of the variables, hence it can be used to value
the reliability of the assessments. The ICC ranges from -1to 1, usually
0.7 and more stands for good reliability [Greve & Wentura 1997]. 0 signifys
no correlation. Reliability can not be estimated from negative ICCs
and are therefore set to 0 [Wirtz & Caspar 2002].

In this study, ICCs for each criterion of the assessments of each ex-
pert have been calculated. Already the mean values of the assessors
per criterion and per date of measure vary significantly in 21 of 27
cases. In the best case, the ICC is 0.52 (p=0.001), calculated for the
creativity criterion in the pre test. As explained above, this does not
stand for good reliability. Reliabilities of all other criteria must be
rated 0 or are only slightly above zero. Figure 2 shows the creativity
criterion of the pre test assessments [Fig.2 > 297].
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Because the reliability of the expert assessments could not be pro-

ven, differences between the test and control group have then been

calculated separately for each expert to verify the hypotheses

according to the following formula:

Mitg + Hotg 3 . Micg + Hocg 3
2

Motg Mocg

0;1;2...time (0=pre test; 1=post test; 2=follow up test)
tg ...training group / cg ... controll group

Additionally, differences have been calculated based on the mean
values of the assessments. Figure 3 shows the results for the criteria
creativity, functionality and overall impression [Fig. 3+ 298].

For a better understanding, figure 4 shows the mean values of the

assessments of all assessors for test and control group on the exam-

ple of creativity. Differences visible in the graph could not be verified
statistically [Fig.4 - 298].

Further tests investigated the acceptance of the training as well as

the increase of knowledge about handling knowledge. The partici-

pants appreciated the training and increased their knowledge about
handling knowledge in the industrial design process.

4.5 Discussion
The impact of the training on handling knowledge in industrial design

can only be taken as beneficial if a certain sustainability of the train-

ing effects can be proven. This regards the application of the learned
methods in design practice. We aimed to prove this by using design
tasks in the tests. In order to investigate the effect of continuous
application of the methods in everyday design practice, a follow up
test has been run, which again comprised design tasks.

Despite exact instructions to the assessors, neither correlating as-

sessments, nor significant improvements of the design solutions
could be detected. This leads to the following considerations: The

assessment process seems to leave too much room for the assess-

ments. Possibly the assessors set different focuses when assessing
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for example creativity (e. g. holistic object vs. parts). Therefore crite-
ria must be defined more precisely for future studies.

The explanation of the assessment scheme as well as test assess-
ments, which are not part of the study obviously do not suffice. Addi-
tional test assessments should be carried out until there is a rough
agreement about the quality of the design solutions. Admittedly, this
is very time-consuming.

In addition, the unfavourable number of test persons must be men-
tioned. Only 13 students could participate, which makes it hard to
prove effects statistically. Also, the design tasks must be examined
and equalized as far as possible.

The hypotheses of this study could not be proven, which is first of all
caused by the applied research methods. Nevertheless the hypo-
theses do not have to be rejected. A reliable method for the assess-
ment of design solutions must be developed in order to offer a basis
for studies investigating the improvement of design processes. In
the study described below, we pursue this problem by exploring the
impact of the development and analysis of narrative scenarios in the
industrial design process.

5. Study 2: Narrative Scenarios of Usage and Users

5.1 Question

The second study focuses on the start of the design process. Stu-
dents get support during the clarification of the task before the
actual designing begins. They are systematically supported by a set
of methods for the development and analysis of narrative scenarios
of the users’ relation to the object to be designed. The application of
these methods, including simple brainwriting and brainstorming
among other techniques, will help to focus on user experiencing.
They will also simplify the design problems to a manageable wicked-
ness. This should lead to more confidence in the design process and
toless goal alterations, saving time which can be better used for the
actual designing. The development and analysis of the narrative sce-
narios should serve as a goal oriented acquisition of knowledge. That
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enables the conscious development of design concepts and widely
avoids wrong decisions. Clarification of the tasks should be comple-
ted faster, thus design concepts can be developed earlier. Further-
more, it can be expected that the time saved will be used to put more
effort on the actual designing resulting in improved design solutions.
From this, two questions can be derived:

Do students cope better with the clarification of the task when they

apply the narrative scenarios?

—  Hypothesis 2.1: Students who apply the narrative scenarios
alterate their goal less often than students who do not apply
the set of methods.

—  Hypothesis 2.2: Students who apply the narrative scenarios
complete the clarification of the task faster than students who
do not apply the set of methods.

—  Hypothesis 2.3: Students who apply the narrative scenario are
contented than students who do not apply the set of methods.

In addition to that we will inspect whether the narrative scenario has

an impact on the quality of the design results. This leads to the fol-

lowing question: Can design results be improved by the application

of the narrative scenarios?

—  Hypothesis 2.4: Objects designed by students who apply the
narrative scenario will get better assessments than objects
designed by students who do not apply the set of methods.

5.2 Research Methods

The study has been planned and realized in different phases. Overall
there have been four pre studies with proband groups from 10 to 25
students of industrial and engineering design. The pre studies have
been connected with short time and semester design projects.

Pre studies 1, 2 and 3 were about the transfer of the theoretically
derived set of methods into practice focusing on the instructions.
Pre studies 3 and 4 helped to further improve the instructions and
the procedure of the experiment with a focus on data collection
and data quality. The following main study will incorporate a larger
number of probands in test and control groups.
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The impact of the narrative scenarios will be analyzed in different
ways. Soft criteria such as contentedness with the situation, confi-
dence regarding the process, motivation for the work to be done will
be measured using questionnaires at measurement points in both
test and control group.

Collected data such as notes and sketches, the individual design
process documentations drawn up by the probands and additional
interviews will be analyzed regarding dates of design concept crea-
tions, number of goal redefinitions etc.

The design solutions will be assessed. In doing so, we will try to avoid
the methodical problems shown in study 1. The study design will al-
low task-specific criteria leading to more exact expert assessments.
Admittedly, it must be pointed at the long time between the applica-
tion of the narrative scenarios and the assessments, which causes
uncontrollable variables aggravating the interpretation of the impact
of the method applied. However, data gathered about the design
process can be used to facilitate handling these variables. Further-
more, contents of the narrative scenarios will be tracked in design
concepts and solutions. This will be used for additional discussion
of the assessments.

5.3 Results

Pre tests showed that the communication of the methods to be ap-
plied at the start of the design process as well as the data collection
have been successfully implemented in design projects. Both con-
tentedness and confidence have been improved. Because of several
uncontrollable variables (e. g. differing design tasks), this result does
not meet scientific standards yet. There is no statement whether
design concepts developed earlier served as a basis until the end of
the design process or rather lead to more goal alterations. Also, time
savings in the clarification of the task have not been proven yet. First
statements about this are expected from the last pre study. In order
to gain results meeting scientific standards, a main study incorpo-
rating a larger number of test persons in test and control groups will
be carried out.
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6. Conclusion

This paper is aimed at explaining a detailed definition of design know-

ledge, which then has been used as a basis for the selection and
development of methods supporting novice designers in handling

knowledge within the industrial design process. Presenting two em-

pirical studies on the application of supporting methods in different
stages of the design process, we discussed problems occurring in
proving the effect of these methods.

In the first study, we presented the investigation of the transfer level,
being only an excerpt of the research. The improvement of design
solutions by the application of the training could not be proven. The

main reason lies in methodical problems with getting reliable assess-
ments of design solutions. After a revision of the assessment pro-

cess and the content of the training further tests will be carried out
in order to investigate the impact of the training.

In study 2, we tried to avoid the methodical problems described above.
The application of narrative scenarios at the start of the design

process allows different research methods. The advantage of task-

specific criteria for the assessment of design solutions counteracts

the disadvantage of a larger number of uncontrollable variables oc-

curring between the application of the methods and the assessment.

According to the research problem described in the paper, confi-

dence and contentedness of the test persons have been evaluated.
These central but soft criteria have been supplemented with hard
criteria such as time saving at the beginning of the design process.
Final results can not be derived from the current state of work.

Both studies are part of larger research programs and will be pursued.
Apart from the continuing development of supporting methods, an
improvement of research methods can be expected.
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pretest treatment post test follow-up test
training | Y tg; pre X1 Y tg; post Y tg; follow-up
group (with training)
Q = - =
control | Y cg; pre Xo Y cg; post Y cg; follow-up
group (without training)

Fig. 1: Study design with test group and control group including one pre and two post
tests (Y: Quality of the design solutions). > 290
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expert 1 expert 2 expert 3 mean

mean mean mean mean
difference (p) difference (p) difference (p) difference (p)

creativity 0.6 (0.309) 0,8 (0.250) 0,3 (0.827) 0,5 (0.400)
functionality | -0,1(0.864) -0,2(0.716) -0,4(0.493) -0,4 (0.318)
overall -0,3 (0.546) 0,2 (0.796) -1,0 (0.145) -0,4 (0.403)
impression

Fig. 3: Results of student’s t-test, changes in the mean group performance between
pre and follow-up tests.> 292
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