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Abstract

Many modern products require the careful planning of a vast number of aspects of their life cycle to
succeed in the market, such as, financing, functionality, quality, reliability, environmental impact,
manufacturing process, relationship with suppliers, etc. Potentially, the numerous domain-
independent design methods generated for decades in the fields of engineering design and creative
problem solving (CPS) have much to offer in today’s complex multi-objective product design
activity. However, the number of methods used in industry is relatively small. Of those that are
used, the majority are practised with ad-hoc modifications or at the wrong stage. Incorrect selection
of methods occurs often. It leads to poor results and to mistrust of design methods generally, and
has been identified as one of the main causes for the lack of design methods in industry.

This thesis deals with the development of a strategy to undertake correct selection and use of
methods in industry. It covers design methods to explore problems, to generate ideas and to
evaluate concepts. A selection principle has been generated that supports engineers in the selection
of a method that suits the problem conditions. It aims to match the fundamental characteristics of
the method with the problem conditions. For the successful implementation of methods in industry
it is essential that knowledge about methods and their selection rules is stored in a system that
allows engineers to learn to select and use methods through practice. The requirements for such a
software tool have been explored. It aims to guide designers in the selection of the correct method
and to serve as an integration environment that encompasses the methods that are more commonly
used in industry.

Keywords:

multi-objective conceptual design, creative problem solving, engineering design, design methods
selection and implementation
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1 Introduction

Many modern products involve a high degree of development complexity. For example, automotive
design involves the design of numerous integrated systems as shown in table 1. The development of
such products requires the consideration of numerous factors of a diverse nature,  such as,
competition market positioning, financing, functionality, noise and vibration, design aesthetics and
owner’s status image, fuel consumption, quality, safe and pleasant handling, reliability and
maintainability, environmental impact, manufacturing process, relationship with suppliers,
commonality with its family products, compatibility with future technologies, sales volume, pricing,
publicity, customer services, etc. Therefore, the development of complex products is a multi-
objective design activity, i.e., an activity that requires the consideration of multiple objectives by a
specialised workforce. However, specialisation and division of labour brings about problems of
disintegration in the development process [Andreasen & Hein 1987] like the lack of cross-
disciplinary understanding and loss of holistic view which must be solved to develop products right
first time optimised for the whole set of parameters.

engine

suspension
steering system air bag service lids body

fuel system interior trim lights exterior
ornamentation

power generation
and storage

exhaust system entertainment
systems

cleaning system bumpers signal and power
architecture

air distribution front seats
glass and

mirror
engine starter system

cooling system rear seats roof system clutch switches and
comfort functions

pedals
instrument

panel
door structure gear level security functions

wheel suspension climate system sealing system gear box driver information
system

wheel equipment seat belts rear opening
system

driveshaft infotainment

Table 1. Systems to be designed in a car [VCC]

1.1 Aim and scope of research

The development of well founded design concepts is necessary to get products right first time. “A
concept defines and describes the principles and engineering features of a system, machine or
component which is feasible and which has the potential to fulfil all the essential design
requirements” [Thompson 1999]. Unless a concept embodies good technical features in all salient
respects, then no amount of good detail design and manufacture will produce an acceptable product.
Concept development, however, is claimed to be a fuzzy stage of product development in industry
by its own professionals [Smith & Reinertsen 1998]. It is without doubt a phase with a high degree
of uncertainty in which decisions must be taken based to a certain extent on assumptions or
expectations of experts. Concept development is required with respect to diverse criteria to avoid
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unnecessary iterative design loops. Simultaneous consideration of criteria is a must. Both the
divergent and convergent activities in design must have a multi-criteria approach to make concept
design an efficient activity.

The aim of this research is to develop models and tools – divergent and convergent – that ensure
that concept design is done with respect diverse criteria from early stages. The scope of the work is
broad and includes the ability to explore the problem to solve, to generate solutions and to evaluate
design.

1.2 Research approach

The initial step was to study the existing design methods that deal with multi-objective concept
development and to survey which of those are used in industry.

The engineering design field  [Pugh 1991, Jones 1992, Pahl & Beitz 1996, Cross 2000] and the
creative problem solving (CPS) field [Parnes 1992, Isaksen et al. 1994, Davis 1999, Vehar et al.
1999] have generated numerous design methods for decades that have much to offer in this complex
multi-objective product design activity [paper A]. Examples of those methods are the ladder of
abstraction, brainstorming,  the morphological matrix, gallery, attribute listing, brainwriting, the
fishbone chart, systematic doubting, value engineering, the highlighting technique, the Pugh
method, quality function deployment, the rating and weighting method, etc. However, the number
of methods used in industry is relatively small [paper B]. Of those that are used, some are practised
at the wrong stage or incorrectly, which leads to poor results and to general distrust of methods.
Therefore, the problem of fuzziness in concept development in industry is mainly due to the
difficulty of implementing the methods generated by academia and not to the lack of methods.

1.3 Evolution of focus

Initially it was envisaged that this research would involve the development of new design methods
for multi-objective design including reliability and maintainability. However, the focus of the
research evolved as a consequence of the finding that there are already numerous design methods in
the literature to deal with multi-objective concept development that are not widely used in industry.
The investigation has concentrated on finding out the reason for this phenomenon and how to deal
with it, as well as on understanding the value of the existing design methods. Therefore the aim of
this research is to ensure that future and existing design methods can be implemented. It is also
useful to find out what gaps exist in design methodology knowledge.

1.4 Research questions

The fundamental research question that drives this research project is:

• Can a design model and tools be developed that facilitate strong concept development, including
problem exploration, solution generation and evaluation?

In order to answer it, elementary questions have been formulated and explored:

• What design methods exist already?

• Which design methods are used in industry?

• Are design methods of value to industry?

• Why design methods are difficult to implement in industry?

• How should design methods be selected?
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• How should design methods be delivered to engineers in industry so that they can easily learn
how to select and use them correctly?

In the section “research methods and results” the answers to these questions can be found in short.
For further development of them the papers A, B, C are referenced.
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2 Knowledge domains

Design Science and Creative Problem Solving (CPS) constitute the knowledge foundation of the
research done so far. These two fields are grounded on several decades of research and have
produced numerous design procedures to deal with the front end of product development process.
The methods are domain-independent and are applicable in diverse types of engineering.

2.1 Design Science

The aim of design science is:

“to develop and present a proposal for a coherent and comprehensive view of knowledge about
engineering design. This knowledge should help to explain what designers do. It should also
suggest and develop ways in which the knowledge about engineering design (the design process and
the objects being designed) can help to make the practice of designing more rational, and to
improve the products resulting from designing, both in the quality of the objects and in more rapid
and rational procedures.” [Hubka & Eder 1996].

The knowledge of design science covers aspects like knowledge of engineering sciences, of
production possibilities, of engineering processes, of methods and techniques that facilitate the
design work, of representation techniques, of teams management, of standards, patents and
regulations, etc. Categorising design as a science implies the belief that designing can be taught.

2.1.1 What is the aim of designing?

Craftsmen were able to produce beautiful and complicated objects without the need to draw or
design them. This is because the knowledge behind a craft product is the result of numerous trial-
and-errors over many centuries [Jones 1992].

Design-by-drawing substituted the original way to create products. It consists of making scale
drawings of what is to be built and to plan the production process. The trial-and-error activity is
undertaken before production. The scale drawing is used for experiment and change. This brought
new possibilities like division of labour of production work, construction of bigger artefacts, etc.
Jones explains succinctly the aim that designing-by-drawing had:

“The designer can see and manipulate the design as a whole and is not
prevented, either by partial knowledge or by the high cost of altering the product
itself, from making fairly drastic changes in design. Using his ruler and
compasses he can rapidly plot the trajectories of moving parts and can predict
the repercussions that changing the shape of one part will have upon the design
as a whole. This may well be the reason why designers, almost alone among the
specialists of modern industry, are ‘wholeists’ rather than ‘atomists’, defending
their creations as single entities that must be accepted without modification or
else must be reconsidered from scratch” [Jones 1992].

Many of today’s products are too complex to be developed through designing-by-drawing. Before
the artefacts can be drawn, engineers must design the concept itself. Trial-and-error is undertaken
before drawing. Hubka and Eder have defined the activity of designing as “thinking ahead and
describing a structure, which appears as (potential) carrier of the desired characteristics (properties,
particularly the functions)” [Hubka & Eder 1996]. The separation of trial-and-error from drawing
has brought the possibility to share the conceptual design work by several individuals or teams. The
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co-ordination and planning of the design process is part of the design activity. Design researchers
have created design methods as a way to integrate the different pieces of the conceptual work. They
are aimed to allow a group of experts substitute the “wholeist designer” of the design-by-drawing
era. Simulation techniques constitute the means for trial-and-error. Data management systems and
communication systems are required to facilitate the integration and co-ordination.

2.1.2 Design models

The engineering design process has been described in numerous design models. The majority of
them are step-wise processes of an iterative nature. They explain the different stages of product
design (figure 1). They usually identify the importance of early generation of specifications that the
future product should meet. The following is conceptual design, where several concepts are
developed. In this phase all aspects of design must be brought together to take the right decisions. In
the schematic design phase the concepts are developed in greater detail and a final choice between
them is made. An in the last stage, detail work of small things to reduce the chance of errors is
undertaken.

Figure 1. Stages of the engineering design process

Other design models are more detailed and show the specific steps to undertake within the basic
stages, e.g. (Pahl & Beitz 1996), or the crucial multidisciplinary considerations to make during the
product design process [Pugh 1991].

2.1.3 Design methods

Design methods are systematic techniques that “attempt to bring rational procedures into the design
process” [Cross 2000]. They encourage and enable to think beyond the first idea or value judgement
that comes to an engineer’s head [Cross 2000], and allow team mates to externalise their thoughts to
discuss them and integrate them in a whole. They are not modelling tools that require a pre-
conception of what to represent, they are the actual techniques to come up with the concept of what
must be designed and how to realise it [Killander 2001]. The design methods generated in the field
of engineering design are mostly domain-independent, in contrast to the domain-dependent
analytical methods of traditional design [Rohatinsky 2001]. Most design methods do not highlight
any attribute of the concept, quite the opposite they promote the development of consistent concepts
that behave well with respect the whole set of objectives. To gain a comprehensive overview of
existing design methods descriptions and examples of their use can be found in sources, such as,
[Pugh 1991, Jones 1992, Roozenburg & Eekels 1995, Pahl & Beitz 1996, Cross 2000].

2.2 Creative problem solving

The field of creative problem solving has been developed as a part of the fields of management and
psychology for many years. Lately it is being recognised as a stand-alone field whose principles and
methods can be applied to various fields [Center for Studies in Creativity, Buffalo State College,

Detail  
design 

Specification 
Conceptual 

design 
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design 
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SUNY]. Creativity is important in any discipline that involves concept creation like any kind of
engineering, architecture, publicity, cinematography, etc. Many are the authors that recognise and
have explored the important role that creativity plays in engineering design, e.g. [Sickafus 1997,
Lordan 1998, Thompson 2001 ]. The domain-independent character of the CPS field is appropriate
for the multi-objective problem of today’s product development.

2.2.1 Creativity

There are many different definitions of creativity. In the article An analysis of Creativity [Rhodes
1961], the different approaches for the concept of creativity were analysed. Creativity had been
defined in four different areas, person, process, product and press, that together constitute the so
called 4Ps. The person strand comprises the characteristics and skills of the people involved. The
process strand represents the way people create, i.e., the steps, techniques and tools they use to
create the product. The product strand represents the kind of product that will result from the
creative operation. The press strand refers to the atmosphere in which people create. According to
Rhodes, each of the strands has its own identity. They can be explored, theorised or analysed
separately, but the understanding of the creative act can only be done under the consideration of the
four strands. The creativity of the product is understood as a result of the creativity of the people
that develop it, of the working atmosphere and of the process. For instance, creative people that
follow a creative process may not come up with a creative product if management provokes an
uncreative atmosphere that exposes the workers’ motivation. Also an ill-defined process to develop
a product can make that creative people within a creative atmosphere encounter difficulties in
conceiving a good product in time. Figure 2 shows the 4Ps model [Isaksen 1987]. It illustrates the
relationship between the four strands. Press is seen as a trends carrier that influences and gets
influenced by the people, their way of working and the product they create.

Figure 2. 4Ps creativity model

2.2.2 Creative product

Originally the term creativity in the product strand was applied to exceptional results in arts,
science, politics [Magyari-Beck 1991]. Gryskiewicz explained what makes exceptional a creative
result with his definition of creativity. As cited in [Vehar et al. 1999] he defined creativity as
whatever is novel and useful. Novel ideas are those that are created for the first time. Useful is what
adds value. This concept of creativity is of interest in business because of its pragmatic approach.
Creative products are those products with new performances that add shareholder value. The way to
add shareholder value in a competitive market is to search for ways of adding customer value that
maximises a company’s profit. The subjectivity of the concept of creativity has not been lost

process
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because the value of things is very subject related, i.e., customer related. New product performances
can cover anything from new product functions to new market sectors, from radical new concepts to
new combinations of old concepts, from new technologies to quicker or cheaper ways to produce.

2.2.3 Person: creative style

In the person strand the concept of creativity has changed drastically from the initial mythological
concepts based on the belief that creativity is a gift that few enjoy [Puccio]. In the course of
investigation researchers had to admit that all people have a potential to be creative [Magyari-Beck
1991]. A constructive approach was given by Kirton [Kirton 1994] with his theory of preferred
problem solving style. Its basic principle is that different people solve problems in different ways
and that those different styles do not inherently produce more or less creative results, but certainly
suit better different problem conditions. He identified people who tend to solve problems through
progressive improvement of the current paradigm, the adaptors, and people who tend to solve
problems by searching for solutions outside the current paradigm that have the potential to surpass
it, the innovators.

Kirton’s studies show that people are neither absolute adaptors nor absolute innovators but have
intermediate positions in a continuum between such extremes. He explored the traits of highly
innovative people and highly adaptive people. They are used to identify the preferred problem
solving style of people [Kirton 1977, 2001]. A brief summary of those traits are presented next.

Highly adaptive people:

• Tend to produce a low number of sound ideas to solve problems.

• Tend to pay meticulous attention to detail.

• Tend to use approved structures to solve problems.

• Are methodical, efficient and disciplined

Highly innovative people:

• Tend to consider a large number of potential ideas.

• Tend to have a wide overview of the problem.

• Tend to approach problems from unsuspected angles.

• Supply task orientation by questioning existing assumptions.

Both preferred problem-solving styles are necessary. Companies cannot afford an adaptive
behaviour for too long time, nor can they continuously produce innovation style products. Any
business should benefit from having high adaptors, high innovators and medium scores. Preferred
problem solving style represents the natural tendency that a person has to adopt an approach to
solve a problem. It is a stable parameter over time according to the studies of Kirton. However,
everybody has to solve problems for which his/her own preferred problem solving style is not the
most suitable. They must vary their actual style. That ability to vary of style has been called
capacity to flex. It is important that problem solvers enhance their capacity to flex in order to widen
the type of problems they can deal with. The comprehension and use of creativity methods has been
identified as a way to learn to flex of problem solving style [Puccio 1990].  However, a person’s
cognitive style is constant and extended periods of flexing behaviour will induce personal stress.
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2.2.4 CPS process

The creative problem solving (CPS) process (figure 3) [Vehar et al. 1999] is a helpful model that
provides individuals and teams from any discipline a flexible set of easy-to-use tools to tackle
problems. It is very flexible and adaptable because it does not aim to substitute any existing process.
The model explains that the creation of any concept requires three basic types of activities. They are
problem exploration, ideas generation and preparation for action.

In the problem exploration stage, the goal is to understand and explore the problem. The result
should be a well-defined problem formulation. Methods to be used in this stage are wishful
thinking, 5 Ws and a H, highlighting, etc.

During the ideas generation phase, a number of good ideas that can solve the well-defined problem
should be identified. Useful methods for that task are brainstorming, SCAMPER, highlighting, etc.

The preparation for action stage is aimed to transform the good ideas into feasible solutions.
Methods like Pluses-Potentials-Concerns-Overcome Concerns (PPCO), Pugh, card sort, etc., can be
used.

Figure 3. Creative problem solving process
[Center for creative studies, Buffalo]

Each of the stages is characterised by being solved through divergent and convergent thinking.
Divergent thinking aims to expand the solution space and should be done by deferring judgmental
thinking to avoid idea killers. The time for judgement comes later during the convergent thinking
activity. Divergent thinking includes to search for information, to explore the problem, to redefine
it, to generate ideas, to combine concepts, etc. Convergent thinking implies the imposition of value
judgements and includes activities like making sense of information, prioritising items, comparing
solutions, assessing ideas, selecting or rejecting concepts, etc.

The CPS model of figure 3 is similar to the three stages process of creative problem solving
generated by Osborn with the stages fact-finding, idea-finding, solution-finding [Osborn 1963].
Parnes expanded Osborn’s model with two more stages named problem-finding and acceptance
finding as shown in the Osborn-Parnes five-stage creative problem solving process in figure 4.

In practice, each of the stages can be composed of an indeterminate number of sub-stages with
divergent and convergent activities. The creative problem solving process is a chain of an
undetermined number divergent-convergent activities that aim to find a problem formulation to the
facts, a solution to the problem and acceptance for the solution [Thompson 2000] (figure 5).

Generate 
ideas

Prepare 
for action

Explore the 
challenge

Generate 
ideas

Prepare 
for action

Explore the 
challenge

Generate 
ideas

Prepare 
for action

Explore the 
challenge



9

Action

Acceptance 
finding

Opportunity

Fact 
finding

Problem 
finding

Idea 
finding

Solution 
finding

Action

Acceptance 
finding

Opportunity

Fact 
finding

Problem 
finding

Idea 
finding

Solution 
finding

Action

Acceptance 
finding

Opportunity

Fact 
finding

Problem 
finding

Idea 
finding

Solution 
finding

Figure 4. Osborn-Parnes five-stage creative problem solving process

Figure 5.  Practical creative problem solving process

2.2.5 Creative press

The psychological and social environment has a great influence on the opportunity for people to be
creative, to follow creative processes and to seek creative products. Environment can repress
imagination and creativity. Cultural conformity, for instance, may prevent many people from
feeling free to think about ways to improve their work performance. Highly hierarchical companies
may prevent employees from daring to run a true brainstorming session. Destructive comments
from managers may squelch the motivation of his/her subordinates to try new ideas.

The contributory factors that make a working climate encourage creative thinking and provide
“psychological safety” [Rogers 1962] to the workers have been classified in three categories:
physical press, external psychological press and internal psychological press.

The physical press includes all those factors that provide physical comfort to the worker, such as,
temperature, light, size of space, level of noise, communication facilities, reliability of the necessary
tools to develop the work, etc. The physical press has a great impact on the capacity to concentrate,
on motivation, on the mood of people, etc., which are essential factors in the creative performance
of people.

Psychological press is divided into internal and external psychological press. The external
psychological press includes the characteristics that can be observed of the work environment, such
as, reward system, co-operativeness, etc. The internal psychological press includes factors related
with the individual and the tasks he has to undertake, such as, motivation.

Action Opportunity ... 
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The factors that contribute to a creative external psychological press are explained in Ekvall’s
model. It is important to remark that these factors are mainly under the control of the person or
people who needs the job done, management. Ekvall’s factors have been restated by several
authors. The version presented next is a mixture of them. The attitudes of companies that create a
working climate conducive to creativity are:

• Challenge. “The organization and its operations are perceived as stimulating, engaging and
meaningful” [Ekvall & Arvonen1984].

• Freedom of expression. “There is a high level of psychological safety in disagreeing or
presenting an opposing view” [Fox & Fox 2000].

• Attitude to risk. “A tolerance of uncertainty and ambiguity will exist in a risk-taking
atmosphere” [Fox & Fox 2000].

• Resources. The problem solvers must count on appropriate resources, such as, reasonable time
to complete the task, access to decision-takers, technical advisers, etc.

• Recognition and reward. The merit of valuable ideas should be recognised and confidence in
workers openly shown.

• Trust and support. “Ideas and suggestions are supported and encouraged” [Ekvall & Arvonen
1984].

• ‘No blame’ culture. Fault-finding and finger-pointing should not be within the company culture.

• Absence of inter-personal conflict. Conflicts, such as, “competition for resources, or emotional
tensions like anger or frustration” [Fox & Fox 2000] should be avoided as much as possible.

• Decision making. Open and frequent debates should be promoted. Management should show
interest in workers point of view.

• Dynamic atmosphere. Lack of dynamism is companies should be avoided. It occurs when there
are “no new projects, no different plans, no new developments” [Fox & Fox 2000].

• Cheerful atmosphere. It refers to “the degree of relaxation, spontaneity, and ease that is
experienced within the working atmosphere” [Fox & Fox 2000].

• Willingness to share group identity. The group is ready to share and build a common modus
operandi that reflects values and attitudes.

The factors that contribute to a creative internal psychological press are explained in Amabile’s
model of creative behaviour. It basically explains the match that should exist between a person’s
traits and the job that he/she must develop. That match is measured with three factors that are:

• Domain-relevant skills. The person should posses the necessary skills learned through formal
education and experience to develop the work.

• Creativity-relevant skills. The person should have the creativity skills that suit the type of work
to develop.

• Task-motivation. The person requires intrinsic motivation (not external like rewards) to
creatively develop the work.
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3 Research method and results

This thesis is concerned with the process of engineering design. Principles from the field of CPS are
applied to engineering design in order to find ways of improving engineering practice.

3.1 Research method

The research model developed by Edfeldt (figure 6) [Edfeldt 1996] is used to analyse the research
method followed for this thesis. The model stresses the existence of two types of approach when
conducting research: the inductive and the deductive.

Inductive research takes place when an empirical conclusion concerning the existence of certain
phenomena is inferred from the observation of particular realities. It is commonly done through
cases studies. A theory can be drawn by querying why those conclusions are found. The consistency
of the theory resides on the ability to select the suitable parts of reality for observation, the ability to
infer the correct conclusions and the ability to find the correct reasons for those conclusions.

Deductive research is conducted when a theory is validated in a laboratory or in  real settings.
Validation requires the establishment of a hypothesis that is inferred from a general theory. If the
hypothesis is corroborated in reality or in the laboratory, the theory will have been validated. The
consistency of a deductive approach depends on the ability to infer appropriate hypotheses from a
general theory and to select a suitable sample for testing.

Figure 6. Research approaches

The research conducted for this dissertation is mainly of an inductive orientation, i.e., it is aimed at
generating a theory. In the beginning, data was gathered concerning existing design methods in
literature and concerning their use in industry through discussions with engineers primarily from
Volvo Car Corporation (VCC). Being located at VCC also constituted a source of information
because it allowed the author of this paper the possibility to act as an observer of engineering design
practice. These procedures helped to identify the real challenge and critical problems to be solved.
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The reality
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It was found that the problem of fuzziness in conceptual design is not about a lack of design tools,
but about a lack of use of methods. One of the main reasons  was that the incorrect selection and use
of methods leads to disappointing results and general mistrust of methods. A principle that would
help engineers select the correct methods was generated [paper A]. The selection principle was
explained to engineers from diverse companies and gained certain acceptance. This action has a
deductive character, but the intention was not of validating the principle, but rather, of
strengthening its consistency. A second loop of inductive research was initiated with the aim of
thoroughly identifying the characteristics of the use of methods in industry [paper B]. Twenty-two
engineers from VCC were interviewed and asked to complete some questionnaires. Generalisations
were extracted and a more comprehensive theory about why methods are difficult to implement in
industry was drawn [paper B]. These results were used to strengthen the design selection principle
[paper A] into a method selection tool [paper C]. The theory that the papers describe contends that
the use of the tool will facilitate the correct selection and use of methods and therefore will
contribute to a wider implementation of methods. Future work will be to validate that theory
through deductive research.

3.2 What design methods exist already?

Sources from the field of engineering design that provide a wide overview of the existing design
methods are [Pugh 1991, Jones 1992, Roozenburg & Eekels 1995, Pahl & Beitz 1996, Cross 2000].
The reader's attention is also brought to sources from the field of creativity, such as, [Parnes 1992,
Isaksen 1994, Vehar et al.1999]. An appendix providing brief descriptions of the most widely
known methods is included in this dissertation.

3.3 Which design methods are used in industry?

The survey conducted at VCC revealed that thirty one design methods had been used by the twenty
two interviewees. The methods are: brainstorming and some of its variants, closed-world algorithm,
checklists, seven management tools, Pugh, quality function deployment, scoring checklists, design
structure matrix, failure mode and effect and criticality analysis, assembly failure mode and effect
analysis, rating and weighting method, value engineering, value analysis, etc. However, most of
them have only been used once or few times by one or few of the interviewees. Few methods are
extensively known and applied. The use of methods in industry is characterised by the following
facts:

• the knowledge concerning methods is unevenly distributed

• most engineers are unaware of the methods that are available

• few methods are widely and systematically used

• the methods that are used are often applied with ad-hoc modifications

• most engineers believe that methods are only useful when there is an abundance of time
available

• many methods are abandoned after a while

Paper B discusses this topic in more depth.

3.4 Are design methods of value to industry?

Positive correlation between a company’s annual turnover and likelihood to be implementing
methods has been reported by several authors, e.g., [Araujo et al. 1996]. However, these results are
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not evidence of the benefits of the use of design methods. They could also be read as 'the larger the
annual turnover of the company the greater the investment for process development improvement'.
The profitability of a company depends on so many variables that the value of a single action
cannot be measured on the overall success of the company .

Other types of measurement for the value of methods have been taken in the form of success stories
[Lordan 1998, Thompson 2000] or as a percentage of companies who perceive that a method
strongly contributes to product quality [Araujo et al. 1996]. Important conclusions from these
studies of the general value of methods are:

• A variety of CPS tools provides support to a wide range of activities from high level problem
exploration to finding and strengthening particular solutions [Thompson 2000].

• With the use of CPS tools less potential solutions are overlooked due to consideration of a large
number of ideas before adopting a solution, due to increased readiness to redefine the problem
and due to increased flexibility and open-mindedness to new ideas [Lordan 1998].

• A company that implements a method in a computer-based system has an increased perception
of its positive contribution to product quality than another company that implements the same
method in a paper-based system [Araujo et al. 1996].

Some design methods are used in industry because certain engineers believe in their potential and
try to introduce them on their own initiative. However, they often fail in becoming widely used due
to general lack of resources (proper descriptions and examples, software support, facilitation, proper
training, etc). This common phenomenon of engineers trying to implement design methods by
themselves also presents an indicative sign of the value of proper implementation of design
methods. If engineers  try out new design methods in any case, why not provide them with cost-
effective means of enhancing their proper use.

3.5 Why are design methods difficult to implement in industry?

The main reasons for lack of use of methods in industry can be found in paper B and are
summarised as follows:

• Most engineers do not have time to learn to use new methods.

• The incorrect use or selection of methods leads to disappointing results.

• Some methods are absorbed based on their popularity and they do not suit the problem for
which they have been tried.

• The methods from written sources are unevenly defined and provide unrealistic examples.

• The methods from the in-company manuals are described in hard-to-read formats.

• There is an increasing number of methods available, most of which claim to be generally valid.

3.6 Academic contribution

Implementation of design methods is a topic to which academia has paid some attention during the
past decade [Gill 1990, Araujo 1996, Stetter 2000]. Selection of methods has been highlighted as
one of the key issues that should be addressed by several authors, e.g., [Ritzén & Lindahl 2001].
The proper selection of methods is critical for their successful use. The three stage model of method
selection [Ernzer & Birkhofer 2002] states that there are three types of selection that should be
undertaken to ensure successful use of methods:

• Method pool selection
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• Strategic level selection

• Operational level selection

In ‘method pool selection’, the selectors are academics. The aim is to identify, validate and
standardise methods to be used by practitioners. Models generated to classify and understand
method usability, databases for methods, etc, [Birkhofer et al. 2001, Mulet & Vidal 2001] constitute
the type of work mainly produced by academia within this area.

Companies should undertake ‘strategic level selection’. It consists of selecting the methods that suit
their specific needs from the methods pool created by academia. Academia has also produced some
research in this respect. Step-by-step processes for the implementation of methods have been
suggested, [Stetter 2000], tools to match methods characteristics with the needs of the company
have been generated, [Ernzer & Birkhofer 2002], and careful adaptation of methods has been
identified as an essential action for the success of implementation [Lindemann 2002].

‘Operational level selection’ is carried out by engineers when they have to solve a task. The
research undertaken in this area is based on the assumption that the correct use and selection of
methods at the operational level will enhance confidence in methods and therefore their systematic
use.

Initial research in this dissertation [paper A] makes its academic contribution in the area of
‘operational level selection’ with a selection principle that aims to match the fundamental
characteristics of the method with the specific problem conditions. The contribution is also within
the field of creative problem solving since the selection principle is an extrapolation of the adaptor-
innovator theory to methods. The extrapolation was suggested by Lordan as a way of allowing
engineers to select innovative or adaptive methods to learn to flex of problem solving style [Lordan
1998]. The research in paper A is built on this earlier work and explores the innovation-adaptation
theory as a principle to choose appropriate methods at the operational level.

Paper B contributes to the understanding of engineering design practice and why methods are
difficult to implement.

Paper C develops the concepts of the selection principle into a computer-based tool for methods
selection. Its academic contribution is not only within the area of ‘operational level selection’ but
also ‘strategic level selection. The tool also serves as an integrating environment for the methods
that have been selected for the development process of a company.

3.7 How should design methods be selected?

According to the adaptor-innovator theory different people solve problems in different ways and
those different styles do not inherently produce more or less creative results, but certainly make
them suitable for different problem conditions. The interest in extrapolating this theory to methods
resides on the possibility that  different methods also solve problems in different ways suitable for
different problem conditions.

The first query was: Can methods be classified as innovative and adaptive? In order to investigate
this, the characteristics of adaptive and innovative methods were explored extrapolating the traits of
adaptors and innovators to methods. The inclusion of another factor for classification was decided
upon: the divergent/convergent purpose of the method. Thus the aim was to find which methods
were divergent, convergent, innovative and adaptive (figure 7).
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Figure 7. Four characteristics of design methods

The characteristics of innovative and adaptive methods can be found in figure 8. After analysing a
number of methods it was found  that whereas the character of methods is either divergent or
convergent, the boundary between the innovation-adaptation characteristic is not clear. Some
methods have characteristics of convergent and divergent methods simultaneously.

Figure 8. Guidelines for method selection
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Objectives tree is an example of a method with divergent and convergent characteristics at the same
time. On the one hand, it is innovative because it can be used to explore the features that a novel
concept should have, and you certainly do not need an existing concept to do this. On the other
hand, it is adaptive because the further the tree is developed the more detailed and specific the
solution becomes. In practice methods have a certain degree of innovation-adaptation characteristic.
That is why in figure 8 the red colour for divergent methods and the blue colour for convergent ones
change gradually from dark in the innovative side to light in the adaptive side. Definitions for
highly innovative methods and highly adaptive methods are:

• Adaptive divergent methods are methods that generate solutions for problems that have been
identified in a concept through successive incremental improvements. Value engineering and
fishbone chart are, for instance, highly adaptive divergent methods. This type of method should
be used to improve products and maintain a low level of uncertainty in the product development
process.

• Innovative divergent methods are methods that facilitate the search for novel concepts.
Examples of innovative divergent methods are the ladder of abstraction and wishful thinking.
This kind of method should be used to generate radical change in projects having a generous
time schedule.

• Adaptive convergent methods are evaluation techniques that require the use of precise,
quantifiable data, such as, the parameter profile matrix. They should only be used when precise
and consistent information of the evaluation object is available.

• Innovative convergent methods are methods that require qualitative information about the
concepts that are evaluated, such as, Highlighting technique. They should be used when the
concepts for evaluation do not have a high level of maturity.

Figure 9. Framework used for the classification of methods
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uncertain concepts. The closer a method is classified to the adaptive side, the more appropriate it is
for concept improvement or evaluation of mature concepts. A classification of well known methods
is suggested in paper A.

The classification guidelines mentioned have a general character. They were applied to the specific
case of four evaluation methods: Highlighting technique (HT), Advantages-Limitations-
Uniqueness-Opportunities for Change (ALUO), Pugh method (Pugh M) and Rating & Weighting
method (R&WM). As a result of such application, rules to pick a method from the four studied were
obtained. The order in which those selection rules must be applied are charted in figure 10. For an
explanation of the different decision criteria, the reader is requested to refer to paper C. The number
of selection rules to learn for the selection of design methods can be high as shown in figure 10. The
over-worked engineers do not have time to learn and retain them. Thus the use for an interactive
software tool that guides engineers in the selection and use of the proper method has been suggested
[paper C].

3.8 Industrial relevance

The classification of divergent methods according to their I-A characteristic is useful in industry as
a way to manage the uncertainty of the design process and the revolutionary-evolutionary
characteristic of the products. Innovative concepts tend to imply higher level of uncertainty than
adaptive concepts. They are not implicitly worse or better but require longer time to be developed.
Therefore, when there is only a short time available to launch a product, the use of adaptive
divergent methods is advisable. When products need to be renewed innovative methods are useful
tools in aiding engineers explore the most novel of ideas.

Also the classification of convergent methods is useful for engineers because their incorrect
selection brings about penalties, such as, long development process, unfortunate decisions based on
a false sense of certainty, biased results, non-conformity with user expectations.

The research presented in paper C aims to find answers to the relevant query for engineering
practice: ‘How should methods be delivered to engineers in industry so that they can easily learn
how to select and use them correctly?’. For that purpose, academics should study under which
conditions methods are effective. A possible way to achieve this is by comparing methods with each
other and applying the guidelines for method selection in order to discover selection rules from
among them. Those selection rules can be charted as in figure 10, and be integrated in a selection
software tool that poses key questions to engineers, makes suggestions of method choice according
to their answers and leads them to a relevant method software. Such a tool would ensure
consistency in the use of methods throughout the company, would avoid the ad-hoc modifications
of methods of present practice, would guide engineers in the selection of methods and would serve
as an integrating environment for the methods used in the company.
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4 Discussion of appended papers

Three papers, A-C, have been included in this licentiate thesis. The first paper, Managing
uncertainty in the design and development process by appropriate methods selection, is of a
theoretical nature and deals with the extrapolation of the style of creativity theory to design
methods. The result is a principle to help engineers in the correct selection of methods. The second
paper, The application of the 4Ps model to the management of creativity & innovation in product
development, explains a case study conducted at Volvo Car Corporation that explores the
characteristics of engineering practice and the problem and need of implementing methods in
industry. Finally the third paper, Exploring the need for an interactive software tool for the
appropriate selection of engineering design methods, explains how the method selection prinicple
can be applied in industry so that engineers learn with the minimum of difficulty how to select and
use methods correctly.

4.1 Paper A

LÓPEZ-MESA, B., THOMPSON, G. & WILLIANDER, M.
Managing uncertainty in the design and development process by appropriate methods selection.
Proceedings of the International Design Conference –  Design 2002, May 14-17 2002 (Dubrovnik:
the Design Society), pp. 829-836.

Summary

The number of methods used in industry is relatively small. One of the main reasons is that
incorrect selection of methods at the operational level often occurs and this invariably leads to
disappointing results and mistrust of methods in general. In this paper a framework for the
classification of existing design methods is explored. The classification is selection-orientated, i.e.,
it aims to support engineers in the selection of methods. The framework for method selection uses
adaptive or innovative characteristics and their divergent/convergent purpose.

Divergent methods are those aimed to search for solutions, whereas convergent methods imply the
imposition of value judgement.

Innovative methods are those appropriate for radical new ideas that imply a high level of
uncertainty, whereas adaptive methods are appropriate for the improvement of mature concepts.

The use of the innovative-adaptive characteristic principle for the selection of divergent methods
allows for the management of the revolutionary-evolutionary characteristic of the resulting product,
as well as the uncertainty in the design process and risks assumed by the company.

The use of the innovative-adaptive characteristic principle for the selection of convergent methods
will increase the reliability of the results obtained because it reduces the chances of selecting
methods that provide a false sense of certainty.

4.2 Paper B

LÓPEZ-MESA, B. & THOMPSON, G.
The application of the 4Ps model to the management of creativity & innovation in product
development. Proceedings of the 9th International Product Development Management Conference,
May 27-28 2002 (Sophia Antipolis: European Institute for Advanced studies in Management), pp.
587-601.

Summary
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This paper revisits the four Ps model and considers how it can be applied to the management of
creativity and innovation in product development. According to the model, the creative product
depends on: the people participating, the process followed and the press (environment) in which the
whole activity is pursued. However, tangible measurement of industrial performance is better
considered in terms of product profitability rather than creativity. Profitability is successfully
accomplished by meeting customer needs with a product that is attractively priced. Therefore we
single out the client needs aspect of product design and so modify the Rhodes model accordingly to
produce a 4P+N model. The model starts with needs identification  Then, the person/process/press
factors simultaneously interact to create the product.  Importantly, the person, process and press are
the three variables that are under the control of product design management.  The product is the
output from that interaction. If needs are to be converted to profitable product, then a clear
understanding and management of person, process and press by management is required for
optimum results.

A survey was carried out at Volvo Car Corporation using questionnaires and interviews to study
how the variables person, process and press are managed in practice, and to find out how the 4P+N
model can be applied in industry. The results of the survey can be found in this paper. They give an
insight into the problem of implementation of methods in industry and provide a comprehensive
overview of  product development practice at Volvo Car Corporation.

4.3 Paper C

LÓPEZ-MESA, B. & THOMPSON, G.
Exploring the need for an interactive software tool for the appropriate selection of design methods.
Abstract accepted for the 14th International Conference on Engineering Design ICED03, August 19-
21, 2003 (Stockholm: the Design Society).

Summary

The principle to select methods developed in paper A is applied to four specific evaluation methods
in this paper. The leading factors in the selection of the appropriate method are: (i) the number and
diversity of ideas for evaluation; (ii) the degree of precision of the inputs required  by the evaluation
method to operate meaningfully; (iii) and the desired degree of certainty of the outputs after the
method is used. The methods explored are: Highlighting Technique, Advantages-Limitations-
Uniqueness-Opportunities for change (ALUO), Pugh and Rating & Weighting. As a result,
selection rules for the four methods have been generated. The rules are difficult to learn and retain
by over-worked engineers. The task of selecting from the range of methods available in literature
when considering the range of problems faced in industry is even more complex. Therefore an
interactive software tool that guides designers to select the appropriate design method is suggested.
The software tool should allow the designers to learn to use and select methods through practice.

The tool serves as an integrating environment of the methods used by a company in concept
development. It suggests an approach for the implementation of methods different from the
approach at present. Knowledge concerning design methods used within a company should be
recorded and stored for future reference when subsequent methods are introduced. Knowledge
concerning design methods is one type of competence that a company should retain. New methods
must come, but they should not be seen as substitutes for previous ones. Methods are
complementary to each other. No one method enjoys general validity. It is important that attempts
should not be made to try to find any definitive method since no definitive method exists.  Rather, it
is better to understand the principles of methods and the circumstances under which they are
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effective.  Therefore, a company can make appropriate and reliable methods selection and
undertake staff training and development to fill gaps in company knowledge.
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5 Conclusions

The research presented in this thesis aims to enhance the practice of engineering design in a multi-
objective way. This means that engineering design should be based on the development of well-
founded concepts that have been developed with respect to diverse criteria. Potentially, design
methods have much to offer to the development of well-founded concepts because the methods
encourage the generation of multiple solutions and deliberation of the potential  of such solutions
before accepting them. They are aimed to consider and integrate all the objectives of a product
development. However, methods are not widely used in industry.

The measures identified by various authors for the enhancement of use of methods have been
discussed in this thesis. The lack of use of methods in industry is a multi-level problem that requires
multi-level solutions: at university level, at management level, at product development level, etc.
The measures identified in this thesis are complementary to those identified by other authors. They
are concerned with the operational level of engineering design, and they are based on the
assumption that correct use and selection of methods during the problem solving process will
improve confidence in methods and lead to their appropriate use in a systematic way.

Basically the measures are:

 Classification of methods according to their I-A characteristic can be useful. In the case of
divergent methods, a set of classified methods can be used to select the appropriate one according to
the revolutionary-evolutionary needs of the market and to manage the level of uncertainty in
product development. In the case of convergent methods, a toolbox of classified methods can be
used in order to select the one that better suits the degree of maturity of the concepts for evaluation.
By doing so, incorrect decisions based on a false sense of certainty could be avoided.

The guidelines for the classification of methods can be applied to specific sets of convergent
methods in order to extract selection rules for them. Those rules explain the key conditions in which
the methods produce reliable evaluations. It is essential that those rules are identified because there
is a tendency in industry to make attempts to find “the method”, but this does not exist. Methods are
complementary to each other because no method is generally valid [Bouyssou et al. 2000]. The
selection rules identify the conditions in which methods are valid.

The methods and their selection rules constitute a type of knowledge that is time-consuming when
learning and the information is not easily retained. This is why a software tool that integrates this
knowledge is indispensable to enhance the correct use and selection of design methods in industry.
The software tool could have an interactive format so that it poses questions to the engineers that
wish to solve a problem concerning the problem conditions, and the program suggests which
method to choose according to the responses given.
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6 Future work

Potential areas of work for the future have been identified. They are the further development of the
work carried out so far and integration of the work presented in this thesis and other research
conducted at the Division of CAD.

The software tool suggested in paper C covers four convergent methods. The next stages in research
will include analysis of how divergent methods could be incorporated into the software tool.

The four methods contained in paper C are evaluation methods for the selection of concepts. The
Highlighting Technique is appropriate for a high number of diverse ideas. ALUO is appropriate for
the evaluation of tentative concepts. Pugh is appropriate for the evaluation of terminated concepts
of which the exact performance is not known. The Weighting & Rating method is appropriate for
the evaluation of terminated concepts of which the performance is known and can be quantified.
However, sometimes engineers have to evaluate concepts that are at different levels of maturity.
This is the case, for instance, when a modification of a concept that has already been produced is
evaluated with a new concept that has never been produced in a company. Work has been
developed in this direction in the Division of CAD [Bylund 2002]. The conclusions drawn are
applicable to parametric concepts. In order to evaluate parametric concepts, they should all be
optimised for an equal performance with respect to a parameter, and the selection should be based
on the comparison of the performance of the concepts with respect to the remaining parameters. In
this manner, the performance of every concept is known at the same level of maturity. Bylund has
created a procedure to develop car body concepts from the ideas stage up to a point when a decision
can be made to produce manufacturing data. Future work may include the creation of a method to
evaluate concepts at different degrees of maturity that are non-parametric. The creation of that
method and the analysis of how it could be integrated in the software tool is of high academic and
industrial relevance.

A further step to be conducted is the validation of the software tool as a way to enhance proper use
and selection of methods in industry. It is desirable that the validation is carried out in companies in
which the product development process has already been explored within the division of CAD and
the Polhem Laboratory. Such companies include Hägglunds Drives AB [Löfstrand 2003] and Volvo
Car Corporation [paper B].

The integration of the work presented in this thesis with the research project developed in the
Division of CAD by M. Nyström is also of academic and industrial relevance. Nyström has
conducted research that aims at improving the exchange of information between different CAD and
CAE systems [Nyström 2003]. The solution he has developed for the exchange of information
between simulation programs contains a mediator database that communicates with each simulation
program through a translator or ‘wrapper’. The database is capable of sending messages, generated
from a high level query, to the simulation programs through the wrappers. The main idea is to
connect the software tool to the database so that results obtained from the simulation programs can
be queried from the evaluation tools and automatically be updated the more refined the simulations
become.
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APPENDIX: BRIEF DESCRIPTIONS OF DESIGN METHODS

Advantages-Limitations-Uniqueness-Opportunities for Change (ALUO): systematic process to state
a concept/product advantages, consider its limitations and explore the opportunities to overcome the
limitations.

Affinity Diagram: technique for organising language data in themes and sub-themes that can be
further explored.

Analysis Graph of Ellipses: method that aims to deal with uncertainty when having to allocate
limited resources among projects.

Analytical Hierarchy Process (AHP): it is a technique to deal with prioritisation of items that are
organised in a hierarchical structure that guides the decision-making process.

Assumption Smashing: technique to explore what happens as you drop each of the assumptions
made to develop a concept.

Attribute Listing: it is a technique to improve an object by changing all or some of its parts or
qualities. The different parts or qualities are improved through brainstorming.

Axiomatic Analysis: technique to reduce the likelihood that one function solution affects the
solutions for other functions.

Brainstorming: it is a technique to generate ideas in which a group of 5-7 people suspend
judgmental thinking and strive for a great amount of ideas (sound and wild) stated as brief phrases
out loud that are written down by a facilitator.

Brainstorming with Post-it Notes: it is a brainstorming session in which the participants write their
ideas on Post-it notes.

Brainwriting: it is like a brainstorming session in which participants do not communicate aloud, but
ideas are recorded individually on a piece of paper and passed on to the other members for
improvement.

Brainwriting Pool: it is like a brainstorming session in which participants do not communicate
aloud, but ideas are recorded individually on a piece of paper and put in the centre of the group
forming a pool of sheets. Participants exchange their sheet from one in the pool when they run out
of ideas.

Card Sort: it is a simple convergent tool to rank up to 15 criteria, products or ideas by progressively
identifying the least and the most on target.

Classification Schemas: possible solutions according to different characteristics are represented
schematically in a matrix.

Closed-World Algorithm: method to find new ways to solve drawbacks of existing concepts by
breaking assumed relationships between attributes of the concept.

Compatibility Matrix: the compatibility of all the sub-solutions for a product/system is analysed. It
can be done after a morphological matrix or classification schema.

Concept Fan: it is a way of finding different approaches to a problem when all obvious solutions are
found unsatisfactory. It is achieved by means of searching for solutions to a problem statement at a
more general level of abstraction than the initial one.
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Cost-Benefit Analysis: technique to calculate the costs involved in undertaking a project and the
economic benefit it will provide.

Checklist: it is a standard list of questions aimed to stimulate solutions to problems.

Design Catalogues: they are collections of known and proven solutions to design problems.

Design Structure Matrix (DSM): project-management tool that represents information flows within
the whole development organisation in a way that helps to understand which information exchanges
involve design iterations.

Desirability Function Optimisation: when different options have to be evaluated and there is a trade-
off among the decision criteria, an optimisation is done based on desirability functions that connect
value scores and attributes magnitudes of a product.

Direct Analogy: A group is encouraged to find solutions to a given problem by seeking stimulation
from existing solutions to a similar problem, mainly biological solutions.

Factorisation: it is the progressive breaking down of a complex problem into separate sub-problems
that can initially be solved independently in order to reduce the size and complexity of the problem
to solve.

Failure Mode and Effect Analysis (FMEA): it is a failure mode analysis method with a bottom-up
approach to identify the possible failure modes of the components of a system, the probability that
they occur and the severity of their consequences.

Failure Mode and Maintainability Analysis (FMMA): this technique allows to consider the
maintenance routines and the condition monitoring methods to control potential failure modes of a
product during its design phase so that the design can be influenced towards a highly maintainable
solution.

Fault Tree Analysis (FTA): it is a failure mode analysis method with a top-down approach that
begins with the consideration of as many system failure modes as possible, and that continues with
the determination of all possible combinations of failure modes and factors that must happen to
cause this failure mode.

Fishbone Chart: it is a technique to identify and explore all the different kinds of causes and root
causes related to a problem.

Forced Analogy: it works like a checklist with random words or images.

Forward Steps: it consists of sketching as many paths as possible from a first solution attempt
giving rise to further solutions.

Function Structure: progressive description of the product in terms of inputs, functions and outputs
that must take place in order for the product to perform its overall function.

5 Ws and a H: it is a simple technique that provides precision and meaningfulness to the exploration
of a problem, the data collecting activity or the design of a plan by querying about the 5 Ws, what,
why, when, who, where, and the H, how.

Gallery: first participants work individually sketching ideas. Then they are pinned to the walls and
shared with the group. Finally participants try to seek stimulation from their group mates’ ideas to
improve their owns.

Hazard and operability (HAZOP): technique to identify the possible factors that may cause injury in
a system, including faults in systems and mal-operation
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Highlighting Technique: technique to review and organise a large number of ideas. It allows to
identify ideas that are sub-ideas of a more general one.

Imaginary Brainstorming: it is a way of stimulating idea generation by changing one element in a
problem statement and then brainstorming it and applying these new ideas back to the original
problem statement.

Interaction Net: technique to display the types and number of connections between elements within
the design problem.

Interaction Matrix: it is a decision-taking tool that helps to resolve which implementation measures
to undertake by deploying graphically the correlation between the objectives and the
implementation measures.

Interrelationship Digraph: After analysing the causes of a problem or defining the objectives of a
certain product, the cause and effect relationships that exist among all critical issues are analysed in
order to find the root causes of problems, or to identify the main objectives.

Invitational Stems: invitational stems, such as, “I wish...”, “Wouldn’t it be nice if...”, “It would be
great if...”, “What I really want to do is...”, “How to...”, “How might...”, “In what ways might”, are
used to free the mind to consider solutions and suspend judgmental thinking

Ladder of Abstraction: it is a systematic querying of why to analyse the problem and how to solve it
that aims to give rise to further challenge detail or challenge redefinitions that can be explored for
solutions.

Lotus Blossom Technique: technique to build an idea or a plan through the use of a standard chart
that leads the user(s) to define the idea in detail.

Manipulative Verbs List: standard list of verbs that try to stimulate the generation of novel
solutions. SCAMPER is an example.

Morphological Matrix: the whole range of sub-solutions is mapped into a matrix.

Multi-Fact Picking-up Method: technique to reduce a large number of ideas to a manageable size. It
is a cyclical process in which each team member reads and understands each idea and with a red
pen dots those to be likely candidates for final consideration. Unmarked ideas are removed in each
round.

Objectives Tree: It is a technique that help you consider a wide range of actions, in increasing
detail, in order to achieve a goal.

Parameter Profile Matrix: method to calculate the whole performance of a system or product with
the aim to identify weak spots and to highlight those areas where the system performance is near a
limit.

Particles Method Algorithm: method that aims to expand the solution space by first exploring in
great detail the functions that must be performed and then considering all the possible solutions to
perform the functions.

Personal Analogy: it consists of imagining oneself as a given person in a particular situation or as a
given object in order to gain new perspectives that can stimulate new solutions.

Pluses-Potentials-Concerns-Overcome Concerns (PPCO): systematic process to state a
concept/product strengths, consider its concerns and modify the concept/product in order to
overcome the concerns.



30

Prioritisation matrix: prioritisation is dealt with by comparing all possible pairs.

Process Decision Program Chart: it begins by mapping the steps in a particular activity or process,
then the things that could go wrong are listed at each step and finally counter measures for the
things that can go wrong are suggested.

Product-Market Matrix: technique to identify the turnover, profit and market share of existing
products from the company and from competitors in the various markets.

Pugh Method: it consists of rating concepts against a datum to identify the most promising one.

Quality Function Deployment (QFD): technique to systematically identify: (i) which engineering
characteristics do affect which customer attributes; (ii) negative and positive interactions between
engineering characteristics, (iii) comparison with competitors products. The final aim is to identify
where to concentrate engineering design efforts for a particular project.

Rating and Weighting method: technique to systematically score some concepts with respect to
some criteria that are prioritised in order to find the best concept.

Reverse Brainstorming: it is a brainstorming session in which the basic problem is turned around.

Reviewlist: it is a systematic qualitative evaluation of equipment characteristics or performance.

Risk Assessment: technique to calculate the frequency and impact of different potential failures that
can occur in a product.

Screening Method: technique to reject the potential solutions suggested to solve a problem that do
not behave acceptably with respect to one or more of the desired objectives.

Sensitivity Analysis: technique to identify which attributes performance of a product are more
affected by small changes in design.

SCAMPER: It is a manipulative verbs list. SCAMPER stands for Substitute, Combine, Adapt,
Modify, Put to other uses, Eliminate, Rearrange.

Strength Diagram: technique to calculate the economic and technical performance of concepts.

Systematic Doubting: it consists of splitting a known solution into individual parts or describe it by
individual statements, and negating these statements one by one or in groups.

System Dynamics: it is an application of control simulation and analysis to social processes in order
to identify the consequences of managerial decisions. It can be used for allocation of resources.

Value Analysis: systematic technique to search for ways of reducing cost without reducing value, or
of adding value without adding cost to an existing product in order to improve it.

Value Engineering: systematic technique to search for ways of reducing cost without reducing
value, or of adding value without adding cost to a product against which it has been decided to
compete in the market.

Visual connections: Visual tools, such as, pictures, video, are used to help the engineer find new
perspectives from which to look at the problem.

Weighted Objectives Tree: similar to Analytical Hierarchy Process (AHP).

Wishful Thinking: similar to Invitational Stems.

Word Dance: the words of the challenge statement are systematically substituted with the aim to
trigger new ideas.
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1. The engineering design process and the CPS process
Descriptions of the engineering design processes are extensive in the literature. The models are
prescriptive and explain the different design activities and the order in which they must occur. They all
represent step-wise processes of an iterative nature. The most basic of these models describes four
main stages named Specification, Concept, Schematic Design and Detail [Cross 2000]. Others show
further aspects such as the specific steps to undertake within the basic stages [Pahl & Beitz 1996] or
the crucial multidisciplinary considerations to make during the product design process [Pugh 1991].
In the field of creativity a problem solving model for application in a wide variety of disciplines has
been defined [Vehar et al 1999]. The Creative Problem Solving (CPS) process is a helpful model that
provides individuals and teams a flexible set of easy-to-use tools to tackle problems or challenges. The
tools have been created to support the understanding of problems, the generation of ideas, their sense-
making and their selection. Its flexibility lies in the fact that it does not aim to substitute the existing
processes but to provide additional tools to deal with them, such as ladder of abstraction,
brainstorming, visual connections, morphological matrix, brain-writing, idea checklists, Pluses –
Potentials – Concerns - Overcome concerns (PPCo), highlighting, card sort, paired comparison
analysis, etc. Therefore there is no conflict between these two approaches. Quite the reverse, they can
be seen as complementary.

2. The use of methods in industry and the need for a classification
The number of methods used in industry is relatively small. Of those that are used, some are used at
the wrong stage of design and some methods are not practised correctly. Inappropriate methods
implementation leads to poor and dissatisfying results and to distrust of design methods generally.
Many modern products involve a high degree of functionality. For example, automotive design
involves complex electro-mechanical systems that must perform numerous tasks with a high degree of
reliability and safety, low fuel consumption, minimal noise and vibration, attractive design, safe and
pleasant handling, low cost manufacture, and minimum environmental impact etc. Potentially, design
methods have much to offer in this complex multi-objective product design activity, if selected and
used properly.
In this paper a framework for the classification of the existent engineering and creativity tools will be
proposed. The classification is selection oriented, that is, it is intended to help engineers select
methods so that they can be used effectively. The basis of the classification is principles from the field
of creativity that concern the way people think.
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3. Adaptor-Innovator theory
The initial studies of creativity in the individual concentrated on the determination of the level of
creativity of people and the characteristics of highly creative people. However in 1976 research began
in the field of creative style [Kirton 1994]. Kirton explored the relationship between creativity and
cognitive style and he stated that people can  be creative in different ways. He found that there are
people who prefer to  make continuous improvements within the paradigm, and he called them
adaptors. Whilst others, whom he called innovators, prefer to produce novel unexpected solutions.
Both kinds of character can be creative.
Since many people tend to confuse the terms creativity and innovation, a definition of creativity is
given next. Creativity is here understood as the conjunction of originality and usefulness. Both
adaptive and innovative problem solving approaches can have creative outcomes as far as they are
unique and they add value. For example, concrete is a construction material, made of gravel and other
pieces of hard material contained in a  mould of lime, sand and water.  It has been used in construction
since the Roman times. However it was not extensively used until Portland cement was invented in
1824. Portland cement added great strength, durability and fire resistance to concrete that the old
cement lime could not provide. The uniqueness and usefulness of the invention of Portland cement is
obvious and still we consider it as an adaptive contribution since the solution remains loyal to tried
and understood principles of the material behaviour. A few decades later the reinforced concrete was
invented. This novel concept in which steel reinforces the concrete where it needs tensional strength
and where the concrete protects the steel from rust and fire allowed the construction of longer and
thinner structural elements. The reinforced concrete was therefore unique at that time and useful, and
we consider it innovative since the working principle behind the new composite material was
extremely different. The Portland concrete meant an adaptive or evolutionary step in the field of the
concrete as a construction material, whilst the reinforced concrete was an innovative and revolutionary
step that created a completely new composite material with new possibilities. Both solutions were
however very creative and they are still in use. Style of creativity is not equal to level.
Creative people are therefore those that are able to create original and useful ideas. However, Kirton
did not try to measure the level of creativity of people but rather their style of problem solving. He
realised that people are not absolute adaptors nor absolute innovators but may have intermediate
locations in a continuum between such extremes. Kirton has identified the main traits of high adaptors
and high innovators and have quantified them by studying their problem solving preferences. High
adaptors  prefer to produce a low number of sound ideas, they prefer to pay meticulous attention to
detail and they prefer to use approved structures to solve problems. High innovators prefer to produce
a large number of potential ideas, they prefer to have a wide overview of the problem and they prefer
to solve the problems by doing things differently.
People preferences are those problem solving tactics that they tend to take naturally, that is, without
big effort. Everybody can solve a challenge adaptively by developing an idea within the current
paradigm in great detail, but for some people that detailed work is easier than for others. Likewise
everybody can develop an innovative idea by solving a problem in a radically novel way, but for some
people it is easier to think up new ways than for others. Therefore problem solving preferences are
those approaches to challenges that people can handle easily. For innovators it is easy to deal with less
defined problem structures, whilst for adaptors it is easy to work with detail.
While a preferred problem solving style is stable over  time according to the studies of Kirton, the
actual style used by engineers must vary according to the company and market needs. That capacity to
vary of problem solving behaviour has been called capacity to flex between styles [Kirton 1994].
Flexing is something that all of us can do and have practised since we were children because, for
instance, different subjects at school required different problem solving skills. It is important to have a
wide assortment of problem solving skills and the comprehension and use of tools and methods can
provide it, as some authors have pointed out [Puccio 1990] .
Lordan proposed that adaptor-innovator theory could be extrapolated to methods classification,  but
did not take extensive work in this respect [Lordan 1998]. This paper reports research that builds on
this earlier work and is concerned with methods classification according to principles of creative style.
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The paper considers the significance of methods classification according to style with respect to their
use by engineers and the overall influence of methods on engineering design practice in industry.

4. Design methods classification and selection
Methods have been classified as divergent or convergent [Jones 1971]. Divergent methods involve
searching for ideas and include those used to search for information, to explore the problem, to
redefine it, to generate ideas and to combine concepts. Convergent methods imply the imposition of
value judgements and include those used to make sense of information, to prioritise items, to compare
solutions, to assess ideas and to reject or select concepts. There is a wide range of divergent and
convergent methods in the literature. Table 1 illustrates the range.

Table 1. Divergent and convergent methods classified according to their I-A
characteristic

Invitational stems Brainstorming Attribute listing 635 (brainwriting) Fishbone chart

Ladder of 
abstraction

Forced analogy
Classification 
schemas

Design catalogues
Pluses-Potentials-
Concerns

Reverse 

brainstorming

Morphological 

matrix
Objectives tree Forward steps Systematic doubting

Concept fan Visual connections Function structure Checklist Value engineering

Personal analogy Gallery Factorisation
Lotus Blossom 
Technique

Process Decision 
Program Chart

Word dance Direct analogy
Particles method 
algorithm

Manupulative verbs 
list

Closed-world 
algorithm

Highlighting Compatibility 
matrix

Interaction matrix Failure mode and 
effect analysis

Rating and 
weighting method

Affinity diagram Pugh method Quality function 

deployment

Fault tree analysis Strength diagram

Multi-fact picking 
up method

Prioritisation matrix Axiomatic analysis Failure mode and 
maintainability 
analysis

Sensitivity analysis

Interrelationship 
digraph

Weighted 
objectives tree

Quality 
benchmarking 
deployment

Cost-benefit 
analysis

Value engineering

Card sort Product-market 
matrix

Assumption 
smashing

Hazard and 
operability 
(HAZOP)

Desirability 
function 
optimisation

Interaction net Screening method Analysis graph of 
ellipses

Risk assessment Paramater profile 
matrix optimisation
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The framework for methods classification presented in this paper uses the adaptive-innovative
characteristics of methods with respect to their divergent or convergent purpose.  Adaptors prefer to
work with precise information.  In contrast, innovators prefer to handle incomplete, imprecise data that
involves uncertainty.  Applying these principles to methods classification, it can be seen that:
− Adaptive divergent methods are intended to generate solutions to problems that have been

identified in a concept through successive incremental improvements. Value engineering is for
instance a very adaptive divergent tool.

− Innovative divergent methods facilitate the search of novel concepts, such as the ladder of
abstraction and brainstorming.

Adaptive methods are therefore appropriate for products improvements while innovative ones for
products renewal.
− Adaptive convergent methods (such as parameter profile matrix) evaluate precise, numerical data.
− Innovative convergent methods (such as affinity diagram) evaluate approximate, soft data.
Therefore, adaptive methods are appropriate when engineers have precise information to evaluate and
innovative ones when the information is merely approximate.
It is simple to determine whether a method is divergent or convergent but the ‘boundary’ between
innovative and adaptive characteristics is not. In practice methods have a certain degree of innovation-
adaptation (I-A) characteristic. Table 2 presents the properties of highly innovative methods and
highly adaptive methods. This chart can be used by engineers for the identification of the I-A
characteristic of methods.

Table 2. Guidelines for the identification of the I-A characteristic of methods

HIGHLY INNOVATIVE: HIGHLY ADAPTIVE:

> Facilitate the detachement of 
the problem from the way it is 
customarily perceived

> Useful for further 
development of already known 
solutions

> Stimulate the generation of a 
large amount of ideas

> Develop further a single idea

> Tend to produce imprecise 
ideas of wide diversity

> Tend to produce concrete 
solutions within a focused 
solution space

HIGHLY INNOVATIVE: HIGHLY ADAPTIVE:

> Require approximate or soft 
information about concepts

> Require hard and precise 
information about concepts

> Evaluation of a large amount 
of diverse ideas

> Evaluation of a single 
concept

> Gather together information 
that helps to take a decision

> Give a numerical solutionI 
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4.1 The relevance of identifying the I-A characteristic of divergent methods
The identification of the I-A characteristic of divergent methods and the selection of the appropriate
tool is necessary for two important reasons:
Firstly, because companies must have a careful management of their I-A strategy. Companies can’t
afford an adaptive or evolutionary behaviour for a too long time, nor can they continuously create
revolutionary products. Importantly, the type of method used should be matched to the required
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adaptor-innovator characteristics of the product. If a product needs to be renewed the use of innovative
methods in the initial stages will be favourable. If it is time for incremental extensions then adaptive
methods are appropriate.
Secondly, the type of method used influences the uncertainty in the design process. Engineers must
pay attention to this factor also since high uncertainty may entail a disproportionate lead time.
Innovative divergent methods tend to produce large amounts of immature concepts that imply high
level of uncertainty. They are not implicitly worse nor better than adaptive ideas, but they require
more feasibility studies of compatibility within the system, of suppliers availability, of cost, of
development cost, of manufacturability, of compatibility with other systems, etc. Adaptive divergent
methods produce incremental extensions, what is a guarantee of low uncertainty level but which may
mean a failure if clients needed a novel product and competitors took advantage of a company’s lack
of innovation.
Therefore, divergent methods must be classified (and selected) according to the I-A characteristic of
the ideas they tend to generate. When choosing the methods to use it is important to balance its
implicit uncertainty and the market needs.
The selection of divergent tools in industry can be quite arbitrary. Brainstorming and some of its
variations are the used, although not always correctly. When innovative tools are used to solve
problems that are adaptive in character, engineers can feel disappointed with the results obtained
because they achieve ‘unstructured outcomes’ and consider the work spent to be a waste of time.
Other times, innovative methods are used incorrectly, that is, with judgmental thinking, which
destroys their fundamental principle and effectiveness.
Therefore the use of divergent techniques does not necessarily mean that there will be a high level of
uncertainty in design because the most innovative ideas (i.e. those with more uncertainty) can be
discarded. However if adaptive solutions (i.e. those with high degree of certainty) are required then an
innovative solution generating method should not be used. Innovative methods must be chosen to
renew and adaptive ones used to improve and keep a low level of uncertainty. That is what in this
paper we call appropriate selection of methods.

4.2 The relevance of identifying the I-A characteristic of convergent methods
The identification of the I-A characteristic of convergent methods is also relevant. If an adaptive
method is used to evaluate diverse sketchily known concepts, it will require an unnecessarily long time
to be completed and the results may lead to inadequate decisions based on a false sense of certainty.
This happens in industry very often when engineers try to rate with great degree of precision attributes
of products that are subjective, soft or simply known vaguely.
A common example takes place with the use of  the rating and weighting method. This tool is very
useful when engineers have a certain degree of hard information. It requires the rating of different
alternatives with respect diverse criteria and the prioritisation of the mentioned criteria. However in
industry it is used even in early stages when the precise performance of all the alternatives is rarely
known. Engineers spend long time in discussing the rating of vaguely known attributes. In these cases,
the use of the Pugh method is more advisable because the only type of value judgements engineers
must impose are of comparative nature: “A is better than B with respect criterion 1. A is equal to C
with respect criterion 2, etc.”
Likewise, if an adaptive method is required but instead an innovative one used, there will be a loss of
accuracy in the results. But fortunately this does not take place frequently.
Therefore, convergent methods can be usefully classified depending on the level of precision in the
information required for their use. It is important to match the precision of the available information
with the I-A characteristic of convergent methods.

4.3 A classification of methods
The guidelines stated in figure 2 for the identification of the I-A characteristic of divergent methods
may seem difficult to identify since they depend on the information produced after the use of methods.
For example, the amount and diversity of ideas produced in divergent activities does not only depend
on the method used, but also on the people that participate and the atmosphere in which they work
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[Rhodes 1961]. This means that a precise classification of divergent methods according to their I-A
characteristic requires the systematic comparison of the outcomes of methods under similar
atmospheres and with people of similar cognitive styles. Studies are presently being carried out in this
field at the Center for Studies in Creativity, Buffalo State College, New York.
However the guidelines allow also rough classifications that can be improved with time and
experience in methods. For example, we can state with certain firmness that a morphological chart will
produce a higher diversity of ideas than value engineering with the same team of people. The more
experience engineers have with divergent methods, the more precisely and appropriately they can
classify and select them, and the more effectively they can use their potentials.
In contrast, the guidelines for classifying the convergent methods seem more tangible since they refer
to the information available about the solutions to evaluate and fit well engineering ways of thinking.
Convergent methods, however, cannot be allocated in an exact position in the classification scale since
they can be used with different degrees of detail. For instance hazard and operability is normally used
post-design to help personnel understand what can go wrong with systems. But it can also be used in
earlier stages in a more approximate way to analyse systems before functional units have been
designed [Thompson 1999]. Therefore it is possible that different engineers classify a group of
convergent methods with slightly different relative positions. This may happen because they use them
with different degrees of precision in different stages of the design process. What is important in fact
is to check before the method is used that the available information is enough precise for the minimum
level of exactness of the information required by the method to operate meaningfully.
A classification of methods is proposed in table 1. Descriptions of most of the classified methods can
be found in [Cross 2000], [Jones 1971],  [Pahl&Beitz 1996], [Thompson 1999] and [Vehar et al 1999].
Five I-A characteristic groups have been created from the most innovative to the most adaptive. The
proposed chart aims to show that a wide variety of methods can be roughly classified to increase their
understanding and proper use. This classification can be refined the more experience in methods is
gained. And even the number of I-A characteristic groups can be increased when the knowledge about
methods I-A characteristic is more precise.

5. Influence of method usage on a company’s design activity and products.
In this section four theoretical models of company behaviour are defined according to the type of
methods used to develop products. The descriptions of these models are not intended to fit wholly
particular companies. They are presented to illustrate the influence of the characteristics of design
methods on company design practices. The advantages and disadvantages of adopting the different
strategies are discussed according to the next four main attributes:
- the uncertainty in the design process (the level of uncertainty of the solutions studied and the

minimum time required to launch them),
- the type and level of risk assumed by the company,
- the implicit capacity to react to changing markets, and
- the resultant reliability and refinement of product performance.

5.1 Adaptive behaviour.
Adaptive behaviour is when a company uses predominantly adaptive methods (divergent and
convergent) throughout the design process. This will give rise to incremental change by continuous
product improvement. The design process is characterised by a low level of  uncertainty. Such a
design strategy will therefore produce highly reliable products, but cannot renew them and so there is
a  risk of competitive disadvantage in a rapidly changing market.

5.2 Innovative behaviour.
In this case, a company uses mainly innovative style methods throughout the design process. It can
respond rapidly to changing market conditions but is unlikely to effect continual product improvement
because the design team is in a continual state of flux. Insufficiency of refinement and reliability could
lead to product failure in the market.
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Therefore, the adaptive and innovative types of design strategy lack essential characteristics.
Combined strategies are more appropriate for  the development of products in companies since they
have the potential to provide the sum of the advantages of both approaches: means to react to changing
markets and to develop reliable optimised products. Two kinds of combined strategies are presented
next.

5.3 Innovative-adaptive top-down behaviour.
In this model, a company follows what may be considered to be a ‘standard’ behaviour by using
innovative methods early in the design process and adaptive methods later in the process. In this way,
opportunities for radical change are created by the innovative methods whilst the adaptive methods
make for efficient convergent in the latter stages of design. This choice of design methods assumes
certain risk, but has the potential to produce beneficial effects in the long term. The main disadvantage
is the implicit uncertainty in the design process. The election of new promising solutions can lead to
excessively long lead time in case of unexpected iterations in the design. In order to adopt this type of
strategy it must be checked that the available time is long enough for the project successful
conclusion.

5.4 Innovative-adaptive bottom-up behaviour.
The company uses adaptive methods to develop product projects mainly. But apart from these
development work, there is a parallel research activity of novel solutions for which innovative
methods are used. New solutions are not incorporated in the development phase until their feasibility
and advantages with respect the old solutions are consistently proven with adaptive methodology. This
bottom-up strategy seems convenient for well established industries, where the sophisticated product,
developed and industrialised for many years, cannot be renewed as a whole in the early stages of every
project. Instead of that, they are gradually renewed through the incorporation of the emergent new
functions and technologies. Lower risk is assumed with this bottom-up strategy in the development
phase than with the top-down approach and opportunities for radical change are still created in the
research stage. However this strategy requires big effort in the early determination of future customer
needs and proper allocation of resources in research projects. This strategy suffers the threats of high
competition. Being the first company that investigates the possible implementation of future
successful technologies plays for instance a very important role. The selection of the appropriate areas
of research is therefore essential.

6. Management of change and uncertainty
A company that wishes to obtain certain product outcomes must look carefully at its choice of design
method with respect to the timing of the use of the method and the needs of the market and business.
The choice of method cannot be left to the preference of designers, since adaptors will tend to use
adaptive methods and innovators will tend towards innovative methods. To create specific outcomes,
appropriate methods must be chosen according to the available time and market needs. All kinds of
methods from innovative to adaptive can be used by adaptors as well as innovators, but they need
training in the effective use of such methods. It is responsibility of management to ensure that the
appropriate training is given and the methods used.
The selection and use of methods can be seen as a way to manage the uncertainty in the design and the
risks assumed by companies. The uncertainty level of upcoming products not only depends on the
definition of the aimed product itself but also on how uncertainty is dealt with along the design
process through the appropriate selection of methods and of the people who influence the design
through the choice and use of methods. Results vary depending on the development team and the
process followed. This paper provides some insight on how the uncertainty can be managed through
the appropriate selection of methods. The uncertainty is here understood as the level of precision and
maturity with what solutions are known by the company personnel in the different stages of design,
and the minimum required time to reduce the degree of precision to an acceptable level. Handling the
uncertainty in the design is important because of its straight relation with the type of risk assumed by
the company as discussed in the previous section. We suggest that engineers must be prepared to deal
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with different levels of uncertainty in design through the comprehension and use of design methods
appropriateness. Innovative methods are more suitable for dealing with uncertainty than are adaptive
methods which rely on precise, defined data.

7. Conclusion
The contribution of the I-A characteristic theory resides in the recognition of the relevance that
methods selection plays in their efficient management of uncertainty. Adaptive methods must be used
to improve products and maintain a low level of uncertainty. Innovative methods must be used to
generate radical change. A company whose engineers are trained in a wide assortment of methods is a
company with high reaction capability to a broad variety of market needs. Any company should
benefit from the understanding and use of innovative, adaptive and intermediate methods
appropriately. With that aim a framework for the proper selection of methods has been proposed in
this paper.
The work presented in this paper has also managerial implications that should be noted. The selection
of methods must not only be seen as a bottom-up issue but also as a top-down. Traditionally engineers
have decided what methods to use and what methods not to use on their own. Conversely, we suggest
that management must adopt a pro-active attitude in this matter. It is important that the company
encourages and provides means for the understanding of the potential of appropriate methods
selection. Likewise, the product and its functions required I-A characteristic must be carefully studied
as well as the moment at which the product must be launched. This information must importantly be
supplied for discussion with development engineers who can supply the necessary knowledge to make
this decision meaningful. Management must also study and define a long-term company methods
strategy to deal with product development since success will not only depend on knowing the potential
of methods, but also on how this knowledge is managed.
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ABSTRACT

A model for creativity and innovation management (CIM) in product development is
proposed based on the 4Ps (Person Product Process Press) creativity model. Innovation
management requires the organisation of company resources according to the evolutionary or
revolutionary needs of the market in the best way possible. A new 4P+N (4Ps plus needs)
CIM model is proposed that highlights the importance of matching the person, process and
press variables of a company resources with market needs to produce profitable products.
Tools for CIM in person, press and process already exist. Interviews have been carried out to
study their suitability with VCC’s modus operandi.

1 THE NEED TO MANAGE CREATIVITY IN PRODUCT DEVELOPMENT

Many modern products require the careful planning of a vast number of aspects of their life-
cycle to succeed in the market, such as: competition market positioning, financing,
functionality, quality, reliability, environmental impact, maintainability, manufacturing
process, relationship with suppliers, commonality with its family products, sales volume,
pricing, publicity, customer services, etc. In order to develop this complex multi-objective
product design activity companies need multi-disciplinary work-forces with a range of
specialised knowledge.

A specialised work-force provides a company with detailed and distributed knowledge of its
products and distributed competences. Development processes can become very complex to
manage because in order to organise resources in the best way possible management must be
aware first of the distribution of the available competence within the company. Competence
involves many features. It is the ability to develop a specific task and it requires not only
specialised knowledge and technological means but also imagination, intuition, holistic view,
thoroughness, motivation, capacity to work in groups, creative atmosphere, working tools,
etc. These features have been covered by the field of creativity. Our goal is to present some of
its principles and management implications and tools, and to study their suitability with Volvo
Car Corporation’s (VCC) modus operandi.

2 THEORETICAL BASIS

Definitions of what is understood by creativity and by innovation in this paper are given in the
next sections, as well as tools for their management.

2.1. Creativity definition

Gryskiewicz, as cited in Vehar et al. [1], defined creativity as whatever is novel and useful.
Novelty is the characteristic of the ideas created for the first time. Useful is what serves a
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purpose. In industry, creative products are those products with new performances that are
useful to end customers and add shareholder value.

2.2. The 4Ps creativity model

Until 1961 there was diversified work in the field of creativity. With the aim of correlating the
different approaches Rhodes [2] undertook a recapitulative work in his article An Analysis of
Creativity. He identified four confluent areas on which the literature concentrated – the 4 Ps –
person, process, product and press. These areas have their own identity but “only in unity do
the four strands operate functionally” [2].

The person strand comprises the characteristics and skills of the people involved. The process
strand involves how people create; it includes procedures and methods. The press strand is
defined by the atmosphere in which people operate. And the product strand comprises the
characteristics and objectives of the challenge dealt with.

The creative product is understood by Rhodes [2] as the result of the work of creative people
following a creative process within an atmosphere conducive to creativity. Changes in any of
the strands vary the creative act. An atmosphere that inhibits creativity, or lack of creativity of
the people working on a problem, or an uncreative process can lead to uncreative results. The
four parameters person, process, product and press interact and must be considered as a whole
to understand the creative act.

Figure 1 shows the 4Ps model as represented by Isaksen [3] and illustrates the relationship
between the four strands. Press is seen as a trends carrier that influences and gets influenced
by the people, the way they work and the product they create and the interaction of these three
strands. Some theories have developed tools to manage creativity in the press, person and
process strands. This paper is concerned with their application in a company like VCC.

Figure 1. 4Ps creativity model

2.3. The press strand. Ekvall’s attributes of an atmosphere conducive to creativity

Press describes the situation or atmosphere in which people interact with each other. People
create a working climate and such atmosphere influences the capacity to be creative of its
members. However the atmosphere at work does not only depend on the individuals but also
on other aspects that are under the control of management such as equipment availability,
timing, working rules, freedom, etc. Ekvall [4] studied companies with a high degree of
innovation and creativity for several decades. He has identified the attitudes of a company
that creates an atmosphere conducive to creativity. These attitudes have been restated by
diverse authors. The version shown in figure 2 is a mixture of them, although it remains very
close to the one proposed by Ekvall.

          process
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Figure 2. Attitudes of companies that create a working climate conducive to creativity.

2.4. The person strand. Kirton’s Adaptation-Innovation (A-I) theory

In the person strand the first contributions tried to determine the level of creativity of people
and the features of very creative people. In 1976 Kirton [5], after studying the relationship
between creativity and cognitive style, stated that people can be creative in different ways. He
found that there are people who tend to solve problems through improvement, the adaptors,
and people who tend to solve problems by detaching them from the way they are customarily
perceived, the innovators. According to Kirton level of creativity is independent of style of
creativity.

Kirton pointed out that people are not absolute adaptors nor absolute innovators but have
intermediate positions in a continuum between such extremes as shown in Figure 3. He
identified the traits of highly adaptors and highly innovators and created an instrument to
quantify the preferred problem solving style of people, the KAI inventory [6, 7]. High
adaptors prefer to produce a low number of sound ideas, they prefer to pay meticulous
attention to detail and they prefer to use approved structures to solve problems. High
innovators prefer to produce a large number of potential ideas, they prefer to have a wide
overview of the problem and they prefer to solve the problems by doing things differently.

Figure 3. Kirton’s Adaption-Innovation continuum

“Evaluation of which is best, adaption or innovation, can only be done in relation to the
intended aim of the change in question” [7]. Companies cannot afford an adaptive behaviour
for too long time, nor can continuously produce innovation style products and concepts.
Therefore any business should benefit from having high adaptors, high innovators and
medium scores. Diversity in cognitive styles provides a company with the capacity to react to
a wide variety of market needs and more importantly the opportunity to pro-act. In order to
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acquire the capacity to pro-act a company should manage cognitive diversity according to the
opportune type of change.

Preferred problem solving style defines the natural tendency a person has to adopt some
specific solving style when dealing with problems. While a preferred problem solving style is
stable over time according to the studies of Kirton, the actual style used by problem solvers
must vary according to the company and market needs. That capacity to vary of problem
solving skills has been called capacity to flex [5]. Since companies and markets needs vary, it
is important that each designer has a wide assortment of problem solving skills. The
comprehension and use of tools and methods can provide it, as Puccio has pointed out [8].

2.5. The process strand. Methods selection model to manage uncertainty in the design
process

We have recently taken extensive research on the extrapolation of the A-I theory to methods
classification [9]. We have studied what convergent and divergent methods mean and have
analysed its managerial implications.

Methods have traditionally been classified as divergent and convergent [10]. Divergent
methods involve searching for ideas, such as literature reading, brainstorming, attribute listing
or systematic doubting. Convergent methods imply the imposition of value judgements, such
as affinity diagram, Pugh method, axiomatic analysis or rating/weighting method.

The new dimension proposed to classify methods [9], the Innovation-Adaptation (I-A)
characteristic, is related to their suitability to develop revolutionary or evolutionary products.
Table 1 presents the definitions of the different types of methods and explains when they are
suitable.

Innovative divergent methods Adaptive divergent methods

Facilitate the search of novel 
concepts, such as the ladder of 
abstraction and brainstorming. 
Therefore they are suitable for 
radical change or products renewal.

 Intended to generate solutions to problems 
that have been identified in a concept 
through successive incremental 
improvements, such as value engineering. 
They are suitable to improve already 
existing solutions.

Innovative convergent methods Adaptive convergent methods

Evaluate approximate, soft data, 
such as affinity diagram. They are 
suitable to evaluate new vague ideas.

Evaluate precise, numerical data, such as 
parameter profile matrix. They are suitable 
to evaluate matured concepts with 
precisely known performance.I 
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Table 1. Types of methods.

Methods, like people, are not absolutely innovative or absolutely adaptive, but have a certain
degree of Innovation-Adaptation (I-A) characteristic. Table 2 presents the guidelines proposed
to identify the I-A characteristic of methods. These guidelines help to build classifications of
methods according to their A-I characteristics and their divergent or convergent purpose. A
classification is discussed further in reference [9].
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It is advisable that engineers classify the divergent methods they know and use for several
reasons. Firstly, because it helps to gain a good understanding of the methods. Secondly,
because it allows matching the I-A characteristic of methods with the level of novelty
required for the solution. If market requires products to be renewed innovative methods will
be appropriate. If products need to be improved then adaptive methods should be used. It is
also advisable to identify the I-A characteristic of tools because the type of method used
influences the uncertainty in the design process. Innovative methods tend to produce
immature ideas with a high level of uncertainty. They are neither implicitly worse nor better
than adaptive ideas but normally require extensive and time-consuming feasibility studies of
compatibility with other systems, suppliers availability, cost, development cost,
manufacturability, etc. Adaptive methods tend to produce incremental extensions of low
uncertainty. However, a company using only adaptive methods risks its competitive
advantage if competitors produce a more innovative and useful product. Therefore the
selection of the right methods is a delicate issue to pay attention to. When choosing methods
it is important to balance its implicit uncertainty with market needs.

A classification of the convergent methods is also convenient to make because different
methods have been created to evaluate information with different degrees of precision.
Engineers tend to use too numerical methods for the evaluation of vague and subjective ideas
that are too sensitive to the person using them. A classification helps to select a method
according to the type of information to evaluate.

This research highlights that the selection of methods affects the results obtained, and
consequently the selection of methods may be managed according to the intended results. A
classification of methods according to their I-A characteristic is also useful for engineers as a
tool to learn to flex of problem solving style.

HIGHLY INNOVATIVE: HIGHLY ADAPTIVE:

> Facilitate the detachement of 
the problem from the way it is 
customarily perceived

> Useful for further 
development of already known 
solutions

> Stimulate the generation of a 
large amount of ideas

> Develop further a single idea

> Tend to produce imprecise 
ideas of wide diversity

> Tend to produce concrete 
solutions within a focused 
solution space

HIGHLY INNOVATIVE: HIGHLY ADAPTIVE:

> Require approximate or soft 
information about concepts

> Require hard and precise 
information about concepts

> Evaluation of a large amount 
of diverse ideas

> Evaluation of a single 
concept

> Gather together information 
that helps to take a decision

> Give a numerical solutionI 
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Table 2. Guidelines for the identification of the I-A characteristic of methods.
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2.6. The 4P+N CIM model

Although the management of creativity in the design process is important as discussed above,
industrial performance is better measured tangibly by considering product profitability rather
than by its creativity. Profitability is accomplished by meeting customer needs successfully
with a product that is attractively priced. Therefore we single out the client needs aspect of
product design and so modify the Rhodes creativity model accordingly to produce a 4P+N
model for CIM. The fundamental principle behind it is that press, process and person
creativity must be managed according to market needs in order to produce a profitable
product. Figure 4 illustrates the model proposed and researched in this paper.

The model starts with needs identification. Then, the person/process/press factors
simultaneously interact to create the product. Importantly, the person, process and press are
the three variables that are under control of product design management. The product is the
output from that interaction. If needs are to be converted to profitable product, then a clear
understanding and management of person, process and press by management is required for
optimal results.

As we have shown in the previous sections tools for the management of creativity and
innovation of person, process and press exist.

Figure 4. 4P+N CIM model

3 AN EXPLORATORY STUDY AT VCC

A survey has been carried out to study how these tools may be used at VCC so that they suit
the company’s modus operandi.

3.1. Method used to carry out the survey

Twenty-two engineers from VCC dealing with different aspects of product development were
interviewed and asked to complete two forms between the months of November 2001 and
February 2002. The 4Ps principle was applied: in order to understand the global creative act
information about the 4Ps was gathered. The selected interviewees belonged to the same
technical department (Chassis) or worked regularly in co-operation with its members.

One of the forms they completed is the KAI inventory [6] that measures a person’s preferred
cognitive style. The other form is a tool we have built based on the eleven Ekvall attributes
model presented in Figure 2. The interviewees were asked to rate each ‘press’ attribute from 1
to 4, where 1 means low and 4 means high. Two of the interviewees did not complete the
forms.

person

needs productprocess

press
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The semi-structured oral interviews were individual (except for two engineers) and conducted
at the interviewees’ place of work. As interview guide a number of questions were prepared
that covered the next aspects of the interviewees:

- Number of years in the company, departments they have worked at, phases of design,
concept they work with at the moment of the interview, phase at which they work, tasks
they are responsible for, objectives they must consider.

- Departments they co-operate with, information flow between departments and between
different phases of the design process.

- Procedure to develop their work, methods used, criteria to select the methods to use,
reasons for not using more methods, whether there is a need for new methods.

- Number of people that compose problem solving teams, criteria used to build problem
solving teams.

We also let them discuss freely about their own areas of interest within the product
development process. The mean duration of the interviews was approximately 50 minutes.
They were recorded and typewritten afterwards.

3.2. Results from the interviews

3.2.1 The working climate at VCC

The tool we have used to measure the level of conductibility to creativity of a working climate
is based on subjective parameters like freedom of expression or dynamism. Scores depend on
the previous working experiences of the interviewees. For instance, Sweden is a country with
an unusual working atmosphere. Hierarchy is not exhibited so unmistakably as in other
countries, and people have a great freedom to decide how to do their job. However, if the
interviewees have not lived and worked in other countries they cannot really understand and
appreciate the possible differences. When people live and work in foreign countries for a
certain period of time, they change the way they see their own country, and as a consequence
they can rate some attributes more positively and others more negatively than before. Since
we have asked the people to rate subjective parameters, the results are considered in a relative
manner instead of as absolute values. Therefore the low scores must be considered in a
constructive way, not as climate scourge but as aspects that can be improved. Most of the
interviewees (all except one) were Swedish. Curiously, the only foreigner has the highest
overall score of the atmosphere. Table 3 presents the attributes of the working atmosphere of
20 VCC engineers ordered from the best scored to the worst.

Attitudes H M 4 1 Legend
Playfulness & humour 3,2 3,3 6 0 H: harmomic mean
No interpersonal conflict 3,0 3,2 7 0 M: arithmetical mean
Dynamism 3,0 3,2 7 0 4: No of scores of 4
Challenge 2,9 3,3 9 1 1: No of scores of 1
Freedom of expression 2,9 3,2 8 0 Method
Trust & support 2,6 2,8 2 0 20 engineers rated
Recognition & reward 2,5 2,7 1 0 11 attitudes of the
Open frequent debates 2,4 2,8 5 2 working climate at
No blame' culture 2,2 2,8 5 3 VCC from 1 - 4

Attitude to risk 2,1 2,5 1 3 (low - high)
Resources (time, money...) 2,0 2,3 1 3 Nov. 2001- Feb. 2002

Table 3. Rates given by 20 VCC engineers to 11 attributes of their working climate.
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Four parameters have been used to evaluate the individual scores given by the interviewees:
the arithmetical mean (M); the harmonic mean (H); the number of scores of 4; and the number
of scores of 1. H [1/H=1/n (1/u1+1/u2+…+1/un)] is an improvement over M [ M=1/n(u1+
u2+…+un) ] because it highlights low scores. We believe that an attribute that is regarded very
pessimistically by some engineers and very optimistically by others is less conducive to
creativity than another attribute with the same arithmetical mean perceived by everybody
medially. This is why the attributes have been positioned in decreasing order according to
their harmonic mean value. If two parameters had the same harmonic mean, we have
positioned first the one with the highest arithmetical mean. This way the attributes positioned
in the bottom of the list are the ones that have been evaluated very negatively more times. The
ones on the top are those consistently considered good by the interviewees.

As we can observe playfulness & humour, absence of interpersonal conflict, dynamism,
challenge and freedom of expression are very positively regarded by the group of
interviewees. After that first group of well scored attributes there is a second group medially
regarded composed of the attributes trust & support and recognition & reward. A third group
composed of ‘no blame’ culture and open frequent debates received mediocre scores. And
two final attributes management should pay attention to according to the interviewees are
attitude to risk and resources. These two last factors are curiously the most related to cost and
investment.

3.2.2 The problem solving profile of the interviewees

The twenty-two interviewees work or have worked at least with one of the other interviewees,
most of them have worked with two or three of them, and a few have worked with four or
more. Table 4 and Figure 5 show some information about their profile as problem solvers.

Figure 5. Distribution of adaptors and innovators for 20 ingeneers at VCC

The mean score for engineers according to “Table of occupational differences” in the feed-
back booklet of the KAI inventory [6] is 95-96. More than the 70% of the interviewees has a
higher KAI score. Nine of the interviewees deal with planning activities (those dealing with
strategy and platform projects in table 4). The KAI feed-back booklet presents a mean score
of 104-110 for planning personnel. Therefore we believe the group of interviewees has a
standard mean, considering their occupational activities, slightly inclined towards the
innovative side.

The types of concept and of projects the interviewees deal with are shown in Table 4. The
types of projects are explained in section “the development process at VCC”. The types of
concepts are:
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- Complete vehicle: the solution engineers propose is at the level of the whole car.

- System or component: the concept engineers develop is a system or component of the car.

- Attribute: a parameter (safety, quality…) that affects the whole car is studied.

- Supporting design tool: a tool is developed or implemented to deal with the engineering
development process.

1 2 3 4 5 6 7

1-6
7-12
13-18
19-24
25-30
31-36 Project* type
MEAN Strategy 1 2 4 7

Platform 2 2
New technology 4 1 1 5
Car project 10 2 12
Industrialisation 8 8
Post-launching 3 1 4
TOTAL 3 16 5 1

Legend    N= No. of interviewees
* See definitions in section "the 

 product development process at VCC"
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Table 4. Some information about the problem solving profile of 22 engineers at VCC

3.2.3 The product development process at VCC

To comprehend how a global company like VCC functions is a complex task. The
departmental structure, the progressive breakdown of problems, of customer demands and of
cars into systems-subsystems-components, the responsibilities distribution, the decision points
structure and the information flow network are all pieces of the same puzzle, the product
development process. We cannot clarify all these aspects for VCC in this short section.
Instead the types of projects the engineers we have interviewed are involved in and their inter-
dependencies are given. The projects structure is explained because any project at VCC has to
be approved and has to be assigned resources before it is initiated . When assigning resources,
the 4P+N CIM model is particularly useful. Figure 6 shows the types of projects the 22
interviewees are involved in. The reason of being of each of them is explained next.

Industrialisation is the type of project that the smallest design office has. It aims to produce
material that explains to the manufacturer unmistakably how the artefact designers have
thought about must be built. Engineering education is tremendously industrialisation oriented,
so that that type of projects are normally very professionally handled and systematised in
industry.

The amount of objectives that a car must fulfil is so high that before one tackles the
industrialisation phase it is important to study and analyse what the alternatives are. So in car
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projects designers aim to decide what the car will do, how it will perform under what
conditions, what components it will be composed of and what the relationship between the
components will be. That is, a car solution is agreed. This phase put demands in the
industrialisation phase in the form of specifications. During specification building, the
interaction and negotiations with suppliers play an important role since solutions feasibility
depends on them very much.

Since manufacturing cars is so investment heavy, the risk of innovating cannot be assumed in
the car projects phase so that only solutions that are already known by the employees are
used. The innovation phase is handled at new engineering technology projects where new
technologies are investigated. New engineering technology development projects offer to a
car project alternative solutions for the different car systems. In car projects phase engineers
try to find the optimal set of known solutions for systems that match certain customers needs.

Figure 6. Design projects in which the interviewees are involved.

Different models will have common systems. Platform projects define common systems in
future models and set up the main architecture of a car. They can decide to use technologies in
future models that have not been used before at VCC, and therefore they can put demands on
new technology projects for their development. Platform projects have a double character:
they are strategy projects because they prepare the commonality strategy of several models
but can also be seen as the highest level of the car breakdown (platform-system-component).

Industrial processes are so investment heavy that it is fundamental to study what the long-
term and short-term goals are in order to be able to make the necessary turns in a proper
number of years. In order to study towards what direction the company will go, there are
strategy projects that define the future platform projects and future technologies to develop.
Therefore these planners put demands on new technology projects and car projects.

Another type of project dealt with by some of the interviewees is supporting design tools
projects. These engineers study and implement new working systems and methods for
engineering development processes. They are responsible for purchasing or developing the
required design tools.

During the production cycle of cars design changes because of quality and cost saving issues
mainly. This work is handled at post-launching projects.
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The number of people working in the different types of project is presented in Table 4. All
types of project are run simultaneously. There is information feed-back from every type of
project to the rest. It is common that the same engineer is involved in two of these types of
project at the same time, and that he/she has been involved in two, three or four types after a
certain number of years.

As we can observe from the described projects structure two types of projects require an
adaptive approach by definition, car projects and industrialisation. New technology projects
and strategy projects allow more innovative approaches, although that does not mean that they
are in fact handled innovatively or that the market requires it. These projects have in common
their aim to prepare the company in advance for the up-coming trends. Since time to market
(TTM) plays a very important role and investment factor is so heavy in the automotive
competition market, decisions about future directions of the company tend to go for the
minimum acceptable risk. That is what in fact our group of mostly innovative engineers, have
stated by considering the attitude of the company low risk-taking. Next some guidelines about
how teams are built and what methods they use are given.

3.2.4 Problem solving teams building at VCC

Almost all the interviewees agreed that the ideal number of people in problem solving is
around 7 or 8. Most of the interviewees gave values for teams’ size within the rank [5-10].
Some of them explained the reasons why teams of bigger size are not convenient: some
participants get afraid of speaking; the group leader cannot handle the session; the group is
not efficient; and the number of ideas increases enormously in number but very little in
quality.

The interviewees were asked about the criteria they use to build problem solving teams. The
answers are presented in Table 5. Building teams cross-functionally is a common and
established practice at VCC. To get the required data about the issue seems to be the main
purpose in team building activities as criteria no. 1, 2, 3 and 5 show. After that, meetings
organisers try to get different problem solving skills within the group as shown by criteria no.
4, 8 and 9. Four interviewees remarked that they can only pick ‘people from the right
department’ because there are no so many people to choose from with the required knowledge
(criterion 5).

N
1 Cross functional teams, people related to the issue from different points of view 14
2 Good knowledge or long experience in the field 9
3 People responsible for that concept 9

4 Varied problem-solving skills within group 5
5 There is no choice, those available from the right department 4
6 People positive towards the problem solving process in groups 4

7 People with the position so that the decision can be considered made 3
8 People outside the problem (consultants, suppliers..) that could bring fresh ideas 3
9 Creative people 2
10 Previous successful participation in a meeting 1
11 People for whom the meeting is useful 1

Criteria

Table 5. Criteria to build problem solving teams and no. of people that mentioned them
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The interviewees who stated that one criterion was ‘to invite people with varied problem-
solving skills within the group’ were asked what problem solving skills they valued positively.
Most of them had difficulties to state more than two skills. The skills mentioned were:
creative people, structured people, analysers, a good balance of crazy-minds and “people with
feet on the ground”, doers, people that immediately detect all the possible problems, talkative
people and people capable of both listening and contributing.

3.2.5 Selection of methods at VCC

There is a variety of working methods that have been used by the interviewees:
brainstorming, brainstorming with post-its, structured inventive thinking, systems
engineering, checklists, seven management tools, Pugh, quality function deployment, scoring
checklists, design structure matrix, failure mode and effect and criticality analysis, assembly
failure mode and effect analysis, rating/weighting method, value engineering, value analysis,
etc. However, among these methods only a few are extensively known and used by the
majority:

- Pugh is used for almost every multi-objective selection problem.

- Brainstorming methods are used to generate ideas in the first stages of design and when
problems arise.

- For the study of customer needs, idea searching methods like focus groups, interviews,
magazine reading, etcetera, are well established.

- Engineers of late stages of car projects have been trained and use FMEA.

- Scoring checklists are used for some specific tasks.

When the interviewees were asked how they select the appropriate method to use for each
specific task, the type of answers were:

- “Some university people presented it at Volvo”.

- “A colleague learnt it in a course”.

- “Ford was using this method and a guy from Ford came to explain and facilitate it”.

- “I read another company was using this method”.

- “Easy to understand the principle behind the method. It fits my way of thinking”.

- “It is easy to explain to other colleagues in the meetings”.

- “I learnt the method in an in-company course”.

- “Different people know vaguely different methods. Normally we apply a combination of
several methods”.

- “Those methods are the only ones I know”.

- “There are very few methods. Not always the existing ones fit our needs and we have to
invent our own methods, sometimes combining existing methods”.

- “That is what we came up with at first and then we continued with it”.

Some of these answers reveal the fact that the way engineers decide to pick particular
methods is not systematic, and that when they learn one method they tend to use it for every
situation though it is not always suitable. Even if supporting design tools engineers follow a
careful process to find and select useful methods for the company, the number of broadly used
working methods remains low. The reasons for this gap from the point of view of the
potential users were investigated, and they are presented in the next section. If VCC engineers
decided to select methods in the way that the methods selection model presented in this paper
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suggests they should first build a common base of knowledge about a broader variety of
methods to pick from.

3.2.6 Reasons why methods are not more systematically used at VCC

Many interviewees stated that the use of methods is not broadly extended at VCC. A few of
them expressed their need to learn methods for specific tasks and, importantly, some others
expressed their interest in creating a common base of knowledge on design methodology
within the company. To the question “why methods are not more extensively used?”
numerous reasons were given. Although the huge amount of them disappointed us initially we
believe that this list is an excellent starting point to reflect about how to implement working
methods at the company:

- Some interviewees argued that lack of time to deal with methods is the main reason:

- “We already have so much software and stuff that people are reluctant to learn new
things”.

- “No time to care about learning methods and using them”.

- “Some people get frustrated with methods because you do not get solutions to show up
until after two or three weeks. Methods do not allow you to take quick decisions”.

- Some of them denoted the difficulty of change in companies.

- “People do not want to change their way of working”.

- “Especially people that have worked for long time in the company are conservative. In
management there are a number of them, this is why they do not see the value of
methods.”

- “We are trying to make the development process more professional and systematised,
but it is a slow process”.

- “The value of the method is better seen when you have some practise with it”.

- Others stated that themselves or others did not see benefit in using methods:

- “The final decision is always based on cost, why to use a multi-criteria decision
method?”

- “Everybody who develops something has some sort of methodical process even if it
does not have any standardised name. We do not need new methods”.

- “Many people think they do not need methods, they think they have knowledge to
make the decisions anyway”.

- “Methods are possible to manipulate. You can manipulate the development process to
end up with the solution you had in mind since the beginning”.

- “Methods are too academic”.

- Some engineers alluded to lack of information:

- “There are no experts/specialists in methods in the company”.

- “For all the methods you use, you need a group of people that has been trained and
here at Volvo we have not”.

- “We did not know there were so many methods available”.

- Some methods have disappointed due to a bad implementation process:

- “Some methods are not properly used, they disappoint engineers and they are stopped
being used”.
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- “Methods are introduced when people are not still trained and then they can fail and
disappoint”.

- “Divergent methods produce too novel ideas that suppliers cannot produce”.

- “Methods are like fashions. A method is used for everything one year and the next
year it disappears”.

- “When we have to do things too complicated with a lot of numbers we do not know
what is coming out”.

- Another interviewee mentioned a sort of resistance within the company to systematise the
use of methods:

- “Some people do not like methods because they feel it is not a free election, they feel
they are being forced to use them”.

4 APPLICATION OF THE 4P+N CIM MODEL AT VCC

The 4P+N CIM model suggests that press, process and person variables must be matched to
customer needs in order to make profitable products.

We are not aware of research about whether some company attitudes can lead to innovation or
adaptation. There is however extensive knowledge about what attitudes are conducive to
creativity. One of the strengths of VCC has to be with its working atmosphere. The high
freedom of expression due to a low hierarchy manifestation allows the consideration of ideas
that are born at any stratum.

The KAI inventory [6, 7] and the methods selection model [9] suggest the importance of
diversity in cognitive style of people in companies, and the importance for teams to know and
use a wide assortment of methods with diverse Innovation-Adaptation characteristic. Among
the interviewees there is a certain diversity of cognitive styles. However the assortment of
methods known and used by the majority of them is limited, even if the type of work they
develop make them co-operate often.

The interviews reveal that the main principle to build probem solving groups at VCC is to get
the people with the required knowledge to solve the problem (cross-functionality). And the
second more looked-for criterion is to get a wide diversity of problem solving skills (cross-
cognition). Since VCC engineers are very specialised and group size must be kept
manageable, cross-functionality leaves little choice to base team building on cross-cognition
most of the times. Therefore in order to manage innovation, it is very important that team
members learn to flex of problem solving style with the help of  working methods to produce
the suitable type of change. To achieve that engineers should become conscious about the
cognitive skills they cover and they do not cover, and they should select the methods to use
according to the intended aim of the change in question and not as a matter of preferences.

In order to know what cognitive skills a person has the KAI inventory can be used. It is a
broadly tested and easy to handle tool by a certificated KAI user. The awareness of your own
and your colleagues’ preferred problem solving style helps to understand your and their
strengths and weaknesses, reduces possible conflict between people of very different
cognitive style [11] and helps to turn diversity to advantage [5]. The 20 engineers that filled in
the KAI inventory for instance know what their own preferred cognitive style is and the
characteristics associated with it.

Car projects and industrialisation phases require mainly adaptive work. Engineers working
with these types of project should benefit from knowing how to use and how to select
methods among a collection of them from slightly adaptive to very adaptive. On the other
hand industrialisation and car project engineers have an important knowledge about
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technology and VCC products that is necessary to understand what the company direction
should or could be in the future. Their contribution in more innovative projects is necessary,
and therefore it is not sensible to state that they do not need to learn innovative methods.

Strategy projects and new technology projects could be handled more innovatively than car
projects and industrialisation. The degree of the I-A characteristic of the projects will depend
on the available time to accomplish them and market needs. Engineers dealing with new
technology development and strategy projects should benefit from knowing how to use and
select among a very wide assortment of problem solving methods.

Today those collections of methods from which to pick the right one according to available
time and market needs do not exist at VCC or are not used in such a way. Their
implementation is not only a bottom-up issue, but also a top-down. Management must provide
time and means and must encourage their use.

5 CONCLUSIONS

A diversity of engineers sharing knowledge about a wide assortment of working tools in a
creative atmosphere is an excellent step forward for a company to increase its capacity to
react and pro-act to market needs. However, alone, this is not enough, diversity must be
managed strategically in order to turn it into advantage. Two compatible tools exist with this
purpose. One, the Kirton A-I theory [5], supports the idea that the allocation of people in
specific projects should be done considering their problem solving skills. The other, the
methods selection model [9], suggests that the methods used must be selected according to
intended types of change.

Since specialisation is so high at VCC engineers with a wide diversity of cognitive skills are
not always available to build teams. Therefore it becomes essential that the selection of
methods is controled for the management of innovation. It does not imply that groups’
preferred cognitive style can be ignored. Conversely, groups must be very conscious about
their problem solving style, in order to take decisions that match market needs and not their
own partial view of the problem. A good understanding of a group strengths and weaknesses
and of market needs, and a congruent selection of methods is necessary to manage creativity
and innovation of the product. To accomplish this, a toolkit from which engineers can pick
the appropriate method to solve a problem should be created and engineers should be trained
in their use.
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Abstract

The incorrect use and selection of design methods by engineers often occurs and leads to
disappointing results and general distrust of methods. It constitutes one of the main reasons
for lack of use of methods in industry. In this paper a way to undertake appropriate selection
and use of methods is explored. In addition  the needs of the over-loaded engineers are
considered. As a result an interactive software tool that guides engineers in the appropriate
selection of methods is identified as a way to enhance the correct use of methods in industry.

Keywords: design methods selection, evaluation of design, introduction of methods in
industry

1 Design methods in industry and positioning of this paper

Many design methods have been created, e.g., Pugh, Pahl & Beitz, Jones, Cross, but few are
consistently used in industry. A survey carried out at Volvo Car Corporation (VCC) shows
that the use of methods is not consistent. Some methods are applied on the initiative of
engineers themselves. Those methods are used with ad-hoc modifications or for inappropriate
situations with some frequency due to  possible lack of training, proper descriptions, etc. At
other times, methods are used because management provides some training and encourages
their use as much as possible. Since all methods suffer deficiencies, i.e., they do not enjoy
general validity  [1] [2], they will at some stage produce disappointing results thus making
engineers reluctant to use them again. By the time it is likely that a new method will have
been developed which will be claimed to be the key to company's competitive advantage. The
new method will be introduced as a substitute for the failed previous approach. The use of a
method comes and goes like fashions in industry. New methods replace previous ones even if
they have been conceived to solve different challenges.

In this paper we support a different approach for the implementation of methods in industry.
Design methods that have been learned,  and used within a company must be kept within the
company’s knowledge pool when subsequent methods are introduced. The knowledge
concerning design methods is a type of resource that a company should retain. New methods
must come, but they should not be seen as substitutes for previous ones. Methods are
complementary to each other. No one method enjoys general validity. It is important that
attempts should not be made to try to find any definitive method since no definitive method
exists. Rather, it is better to understand the principles of methods and the circumstances under
which they are effective. Therefore, a company can make appropriate and reliable methods
selection and undertake staff training and development to fill gaps in company knowledge.
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2 State-of-the art in methods selection and contribution of this paper

The factors that prohibit the successful implementation of methods into industry have been
reported by several authors, e.g., [3] [4] [5]. As a result of this investigation  incorrect
selection of methods has been identified as one of the key factors to address. That is to say,
an important reason why methods are not successfully implemented in industry is that the
frequent inappropriate use of methods leads to disappointing results and  mistrust of methods
in general. Therefore, selection of methods is an issue that requires attention from academia.
The main  reasons identified for careful selection of methods are:

1. To support the actual needs of a company and avoid absorbing methods because of their
popularity [6].

2. To manage the revolution-evolution characteristic of a company strategy [2].

3. To manage the degree of uncertainty of a product development process and the
innovation-adaptation characteristic of the resulting product [2].

4. Due to the fact that inappropriate use of methods brings about penalties such as a long
development process, biased results, false degree of certainty, non-conformity with user
expectations [1] [2] [7].

However, the selection of appropriate methods is  a difficult task because:

1. Methods are insufficiently and unevenly defined [7] [8]. Examples are not always
realistic and descriptions are not always complete. Normally authors insistently explain
why their methods produce beneficial results but seldom for which circumstances they are
actually useful.

2. There is an increasing number of methods available to engineers [9], most of which are
claimed to be complete and generally valid [5].

3. To learn and understand the inherent characteristics of the methods as they are delivered
today, thorough learning and practice are required both of which are time-demanding.

In this context, Ernzer and Birkhofer argue that a three-step approach is convenient for the
appropriate selection and implementation of methods [9]. The three steps are: (i) method pool
selection, (ii) strategic level selection and (iii) operational level selection. The value of this
approach resides not only in structuring the contributions made by academia until present but
also in separating three steps of selection that must be done by different “selectors”.

The method pool selection is mainly carried out  by academia. It aims to standardise the
descriptions of methods, evaluate their suitability for application in industry and undertake
the education of future users. Within this selection stage the work developed by the German
schools is worth mentioning. They have developed an “integrated learning, information, and
training environment which utilizes the Internet as the communication platform” [8]. Thekey,
as it has been called, serves as an interactive database of design methodology knowledge with
structuring, researcher-networking and standardising purposes.

Strategic level selection is a company’s responsibility. This level of selection is intimately
related to methods implementation. The aim is to select methods to be introduced in the
company that match its strategic positioning and support the tasks that its employees have to
carry out. Work done in the EcoDesign field [6] [9] and design theory and methodology field,
e.g., [10], are following this direction. Step-wise processes have been proposed to deal with
the implementation of methods, in which selection of methods is one of the steps. Methods to
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deal with the selection of methods have also been suggested [9] [10] that aim to match the
method choice with the needs of the company.

The third level of method selection is the operational level. In this case, the “selectors” are
engineers who have to choose a method to solve a specific problem in a project. It is at this
level where this paper aims to make its main contribution and where our prior research has
been focused. Our assumption is that correct use and selection of methods during the problem
solving process will improve confidence in  methods and lead to their appropriate use in a
systematic way. A model that helps engineers to understand which method to use according
to the problem “conditions” was previously developed [2]. In this paper the model is applied
to four specific evaluation methods. The task of selecting from the four methods is shown to
be complex. Still more difficult is to select one method from the range of methods available
in the literature, particularly considering the range of problems faced in industry. Therefore
we believe that an interactive software tool that guides engineers to select an appropriate
design method is required. The tool, which would beneficially be in software form, should be
easy to learn and allow engineers to put into practice the selection model without extensive
theoretical knowledge.

3 Principles of selection of evaluation methods

Convergent methods have different degrees of Innovation-Adaptation (I-A) characteristic [2].
There are methods that are appropriate for the evaluation of precise numerical data that have
been called adaptive convergent methods. There are methods that are appropriate for the
evaluation of approximate soft data that have been called innovative convergent methods.
However, it is not clear whether all methods are suitable for evaluation of soft or hard data. In
practice methods have a certain degree of I-A characteristic. The guidelines for the
identification of the I-A characteristic of convergent methods were explored in previous
research  [2] and can be found in figure 1.

HIGHLY INNOVATIVE: HIGHLY ADAPTIVE:

> Require approximate or soft 
information about concepts

> Require hard and precise 
information about concepts

> Evaluation of a large amount of 
diverse ideas

> Evaluation of a single 
concept

> Gather together information 
that helps to take a decision

> Give a numerical solution

I 
 N

  N
  O

  V
  A

  T
  I

  V
  E

 
A

  D
  A

  P
  T

  I  V
  E

 

CONVERGENT METHODS

Figure 1. Guidelines for the identification of the I-A characteristic of convergent methods

The guidelines are based on the study of when methods are effective, i.e., when they produce
reliable results. The leading factors in the selection of the appropriate method are: the number
and diversity of ideas to evaluate, the degree of precision of the inputs required by the
evaluation method to operate meaningfully and the desired degree of certainty of the outputs
after the method is used. When engineers have to deal with evaluation of early sketchy ideas,
the use of adaptive (precise) methods is not the correct choice since they can lead to incorrect
decisions being made based on a  false sense of certainty or they may become too time-
consuming. Also when evaluating concepts of which numerical precise data is available, the
use of innovative convergent methods implies  accuracy loss that might not be desirable.
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These general principles of selection of methods are applied to four evaluation methods in
this paper. The methods are: Highlighting technique (HT), Advantages-Limitations-
Uniqueness-Opportunities for change (ALUO), Pugh method (Pugh M) and Rating &
Weighting method (R&WM). They have been selected as examples in this paper because
they have some common characteristics, they cover a wide range of the I-A scale of methods
(figure 1) and because they are well known so that exhaustive descriptions are not required
here. However, the paper does not intend to be an excluding compendium of methods. Our
research includes a wide range of methods in order to increase the capacity of decision teams
makers to deal with a broader diversity of evaluation challenges.

The reader of this paper should note that the word “selection” is used in two different
contexts. On the one hand we are  exploring the principles of selection of four different
methods, and on the other hand, those four methods are evaluation methods to select the best
concept(s). That is to say, the word selection will be used sometimes meaning selection of
methods and in other cases for the selection of concepts. The actual meaning is clarified by
the context. The exploration of selection principles for the four methods has been structured
into three main parts:

4. Common characteristics of methods for the Selection of Discrete, Multi-Criteria
(S/D/Mu-C) methods. Here the common characteristics of the four methods are discussed,
and principles to select these methods against other existing methods are suggested.

5. Distinctive characteristics of HT, ALUO, Pugh M, R&WM. The characteristics of the
four methods are discussed and principles for selection of each individual method as
opposed to the other three are suggested.

6. Distinctive characteristics of the elementary methods of Pugh M and R&WM. Two of the
methods are composed of elementary methods that perform “elementary tasks”. These
tasks can be carried out using different methods. Alternative methods are discussed and
principles of selection between them are suggested.

4 Common characteristics of S/D/MU-C methods.

HT, ALUO, Pugh M and the R&WM. are multi-criteria evaluation methods for the selection
of discrete concepts. An explanation of these terms and how they affect the usability of the
methods is given in the following section.

4.1 Discrete vs. continuous case selection methods

Sometimes engineers are required to decide which is the best option among several
essentially different alternatives, i.e., among discrete concepts. It is, for instance,  common
that engineers come up with several ideas to solve a problem and they have to decide which
one(s) to continue with. The methods presented in this paper are useful for the selection of
these kinds of concepts. At other times, engineers have to make decisions concerning
continuous concepts, ie, they have to determine the numerical value of a variable or variables
that influence attributes of the resulting concept amongst which there may be a trade-off. The
determination of the set of values of oil and filler level that optimise a rubber formulation
with respect to cost, rebound, tensile and hardness is a continuous case selection challenge
(example from [11]) . Methods used to deal with the continuous case can be system dynamics
and desirability optimisation [11].
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4.2 Multi-criteria vs. mono-criterion selection methods

Mono-criterion selection methods are those methods used to find out which concept out
of several, is the one that performs better with respect to a single and specific objective. An
example of mono-criterion selection methods is the calculation of a performance in a
particular respect. For example, a reliability block diagram can be used to select the most
reliable concept. Multi-criteria selection methods are those methods that help decision makers
to determine which concept to select according to performance with respect to diverse criteria
(objectives). Examples of multi-criteria decision methods are the four methods studied in this
paper. There is one factor that differentiates the two types of methods fully. In the mono-
criterion selection method, from the beginning the selectors have a clear vision  of what
makes a concept “perform well”. Therefore, the goal is to find out how the different
alternatives perform with respect to the “key” criterion and select the best one. In the multi-
criteria decision methods the criteria to be used for the selection has to be defined. Moreover
different criteria normally belong to different fields of expertise and they do not have the
same degree of importance. Multi-criteria decision methods tend to imply the need for multi-
disciplinary groups and thus the need for increased time. Multi-criteria selection methods are
highly recommended when ensuring that the selected concepts perform at an acceptable level
with respect to all criteria. Mono-criterion selection methods should be used complementarily
to multi-criteria selection methods.

5 Distinctive characteristics of HT, ALUO, Pugh M, R&WM.

Differences exist between HT, ALUO, Pugh M and R&WM making them suitable for
different problem conditions. In R&WM  (figure 2) the selectors must agree on: the criteria to
be able to evaluate the concepts, on the relative importance of each of the criteria and on
scores that represent how each concept performs with respect to each criterion. It is the most
“fair” of all the four methods but this does not mean that it is always the most appropriate.
Since this method requires engineers to score concepts and weight criteria, quantifiable
information of the concepts should be available. If it is not, the procedure becomes highly
sensitive to the people using it, and even the same set of people can produce varying scores
that differ noticeably from one day to next. It also brings about another inconvenience. The
method requires a long period of time for completion. This long precise process is only worth
undertaking if the results are accurate. Therefore, the use of R&WM is only recommended
when there is certain numerical data about how each concept performs and accuracy is
desirable.

In  Pugh M (figure 2) the selectors must also agree on the criteria of the ideal concept and
criteria can be weighted for more accuracy. But in contrast to R&WM, selectors do not need
to grade with precision on the performance of the concepts, they simply need to evaluate
them in terms of whether they are better or worse with respect to a reference concept.
Therefore, when numerical data concerning the concepts performance is not available, Pugh
M is a better option than R&WM since it is less precise but more reliable. Pugh M. could also
be used when numerical data is available but selectors prefer to do a rougher and faster
evaluation.

Sometimes a concept scores very badly in Pugh but the group does not wish to reject it
because of its potential. The problem is not that Pugh M is a poor method, but that other types
of methods may be more convenient, such as, ALUO (figure 2). The latter is a method for
evaluating “tentative” concepts, i.e., concepts that are not very matured and of which
essential characteristics can still vary significantly. The strengths, unique characteristics,
concerns and ways to overcome such concerns are explored for each of the concepts to
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evaluate. Selection is based on the statements produced during the analysis process of the
concepts. There is a possibility of the concepts that are chosen to continue with may not be
any of the concepts evaluated but a possible combination of them.

However, in some cases, ALUO may be a too precise method. This happens when the
number of ideas is too high and diverse. In such a case there is not enough time to assess
every single idea using a method like ALUO. Therefore a method such as HT (figure 2) is
more appropriate. HT method consists of a group of multi-disciplinary engineers that should
hit the most promising, relevant, clear, workable, on target or intriguing ideas, cluster them
into groups of common themes and give each group of ideas a name in the form of a
statement that synthesises them.

In short, the selection of the correct method from the four explored in this paper should be
based on the I-A characteristic of the method. Three parameters are examined to identify the
I-A characteristic: (i) the number of ideas and their diversity; (ii) the degree of maturity of the
concepts; (iii) and the desired degree of precision of the output of the evaluation. The four
methods can be ordered according to their I-A characteristic. The most adaptive one is
R&WM, followed by Pugh M, then ALUO and last HT.

Figure 2. Four multi-criteria evaluation methods for the selection of discrete concepts

A B C D
Cost - + 0
Reliability + - +
Development cost - - 0
Maintainability + + +
Aesthetics + + -
Ease of manufacture 0 - -
Commonality + - 0
Sum of +'s 4 3 2
Sum of 0's 1 0 3
Sum of -'s 2 4 2
Total Score 2 -1 0
Rank 1 3 2
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6 Distinctive characteristics of the elementary methods of Pugh M and
the R&WM.

In order to complete Pugh M and R&WM (figure 2) several “elementary tasks” must be
performed. They are: 1. Criteria selection and weighting; 2. Criteria organisation; 3. Concept
scoring; 4. Overall performance calculation and selection. Each of these sub-tasks can be
done with different elementary methods that affect significantly the result of the evaluation.
The principles to select from the alternative elementary methods are briefly discussed in the
next sections.

6.1 The elementary methods of R&WM.

1. When weighting the relative importance of criteria various options must be considered:

• Not weighting the criteria if they are believed to be of approximately equal importance.

• Weighting can be made by simple examination. This method is recommended when
experts can agree on consistent weighting.

• A prioritisation matrix can be used where the criteria are compared in pairs. It is
recommended when a group of engineers needs to thoroughly discuss the relative
importance of each criterion in order to reach a common understanding.

• The Analytical hierarchy process. This process is recommended when thorough
discussion of the weight of each criterion is required, and additionally there are many
criteria at different hierarchical levels. The method ensures consistency in the weights
attributed.

• Sensitivity analysis. This can be used in addition to any of the previous techniques
mentioned to identify which criteria are more affected by small changes in design.

2. The obtained criteria weights can be used in different ways that affect the way to organise
the criteria:

• The weights can be used to multiply the scores of each concept. In this case the criteria
are organised as they were in the previous stage.

• The weights of the criteria are not used to multiply the scores, but to classify the criteria
in three groups according to their level of importance: (i) essential criteria, which are the
criteria with respect to the best concept should perform the best; (ii) complementary
criteria, which are important criteria that needs to be considered to be able to form a
satisfactory and balanced whole; (iii) and supplementary criteria, which are non-vital but
welcomed criteria. This method implies the calculation of the overall performance of the
concepts for each of the three different categories of criteria and for the whole. This
alternative is convenient when the uncertainty in weighting the importance of the criteria
is considered to be relatively high.

3. The aim of scoring the different concepts is to have all the performance criteria expressed
in the same unit so that the overall performance can be calculated. There are different
methods to connect value scores and attributes magnitudes (or criteria magnitudes) of a
product according to the type of relationship between the magnitude and the value score.

• Linear one-limit relationship [12]. This is the simplest case. It is useful when the value
score is considered to vary linearly with the attribute magnitude and there is one limit
magnitude from which the behaviour is unacceptable that is given 0 as value score and
one limit magnitude from which the concept is over-performing that is given 10 as value
score. In that case, the experts must only agree on the two limits and interpolate to find
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out the value score of intermediate attribute magnitudes. Interpolation can be done with
the help of formulas, graphical functions or tables.

• Linear two-limits relationship [12]. This case takes place when the attribute magnitude
presents two limits of unacceptable behaviour and the relationship between the value
score is considered to vary linearly with the attribute magnitude. The experts in this case
have to agree on the two magnitude limits of unacceptability, both of which receive a
value score of 0. The best performance is the mean of those two magnitudes with a value
score of 10. The value score of intermediate magnitudes can be calculated through
interpolation with the help of formulas, graphical functions or tables.

• Non-linear relationship [12]. This is the case when experts consider that there is no linear
relationship between attribute magnitudes and value scores. Then they are asked to score
from one to ten, a range of performances that are expected of a product in some specific
conditions and the utility function that best fits the points recorded is drawn.

4. In order to calculate the overall performance, different methods can be used:

• Arithmetical mean. With this method the selectors assume that a good performance of one
concept in a criterion compensates for a poor performance in another criterion [1].

• Harmonic mean. It promotes the idea of concepts performing reasonably well in all
criteria since it highlights low scores [12]. This is recommended when selectors seek
concepts that perform consistently well.

6.2 The elementary methods of Pugh M.

7. Criteria weighting and 2. Criteria organisation have the same alternatives as R&WM.

3. When scoring the different concepts, “better” (+), “equal” (0) and “worse” (-) should be
used as compared degrees of behaviour.

4. In order to calculate the overall performance, different methods can be used:

• Sum the number of “+” and subtract the number of “-” and reject the concepts with a
negative total score. Using this method the selectors assume that a better performance of
one concept than the reference in a criterion compensates for a worse performance in
another criterion.

• Separately sum the number of “+”, the number of “0” and the number of “-” and using the
results gained discuss which of those concepts are better/worse than the reference. This is
recommended when selectors seek concepts that perform consistently well.

This procedure does not provide insight into which concept behaves the best, considering
interactions between the criteria, it only shows which concepts perform better or worse than
the reference concept by comparing criteria in isolation.

7 The complex task of selecting the appropriate method

In figure 3 the decisions that engineers have to make are mapped in order to select one of the
four methods according to the principles explained in the previous sections. The number of
decisions to make a conscious selection is high: 4 decisions for the highlighting technique
and ALUO, 8-9 for Pugh M and W&RM. These decisions are on very different levels but all
influence heavily the results obtained. Results are only reliable if the method is consciously
selected according to the problem needs. Our experience shows that failed selections occur
often.
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Figure 3. Decisions that have to be taken to make a conscious selection between the Highlighting technique,
ALUO, the Pugh method and the Weighting & Rating method.

The way methods are delivered and taught today is not suitable for over-loaded engineers. It
is difficult to retain precise knowledge about methods and their selection rules. Engineers
need ready-to-use methods that speed up or improve their work performance. The methods,
as they are delivered today, with all their influencing selection rules have an opposite effect.
Therefore, we believe that a software application that guides engineers in the selection of the
correct method and that leads them to the appropriate method software should be created. It
should be an interactive tool that poses key questions concerning the problem to be tackled to
the engineers and that makes suggestions of method choice according to the responses given.

The software would not only be useful as a method selection guide, it would also prove its
worth as an integrating environment for the methods used in a company.  It would present
methods in a more appealing format, interactive format, than today and it would allow
engineers to learn to use the methods by using them in practice. It would enhance the use of
methods in a consistent manner throughout the company and promote the understanding of
methods as complementary to each other. The amount of times that the different methods are
used, and the problem types they are used on, can be monitored for future reference and for
learning exercises. The software could be updated using the knowledge gained about the
successful use of methods in the company.

8 Conclusions

It is important to understand the conditions under which methods are effective. A way of
achieving this is by comparing methods against each other and defining rules for the selection
between them. However, in order that engineers learn and retain a comprehensive set of
detailed rules, the choice of method should be presented in a way that supports their needs.
An interactive software tool based on the principles explored in this paper will support those
needs. The software is being developed within the Polhem laboratory and will be tested in
several Swedish industries. Future work is to explore the incorporation of methods for the
evaluation of concepts at different maturity levels [13].
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