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Introduction 
The notion of design is expanding as new areas of application and new approaches are 

developed (Buchanan (1995), Krippendorff (2006)). Designactivities used to be associated mainly 
with artistic training, and the products of design mainly with form drafted and moulded in the 
studio. But today, the concept of design-activity also includes e.g. the conception of strategies 
and services, work modes like co-creation and design-thinking and even scientific inquiries, 
evidence-based design and transformation design. Design-creativity, it is said, should 
furthermore partake at the heart of decision-making and strategic thinking in society at large. 
What design can do for objects, it can do for any system (Buchanan (1995), Brown (2009)). As 
the concept of design expands, design is becoming an interdisciplinary field of innovation, 
concepts and ideas, just as much as it is about tangible goods. It is predicted that design is about 
to leave its affiliation with art and physical matter, instead to become a generic tool for creation of 
new ideas, strategies and innovation (Krippendorff (2006), Buchanan (1995), Cross (2006)).  
As design teachers and researchers we need to navigate in this expanding and blurring field in 
order to devise clear strategies for the development of design knowledge. This raises the 
important question of defining the key or core competences of design; the foundation for design 
knowledge. 

For many years, a dichotomy has existed between a methodological, problem-solving 
approach and a crafts-based, aesthetic approach to design. This paper discusses the relations of 
methodology to physical material in design and design education. The discussion aspires to 
contribute to a clarification of core- and peripheral competences of designers. Of specific and 
shared competences. Let us begin by investigating the methodological stance. 

Methodology 
To found design knowledge on methodology, we need to be able to point to methods that are 

shared and relevant to all design fields. Furthermore, in order for such a methodology to be 
definitive of design activity it needs to be specific to design – be a methodology not used in other 
fields. 

In the framing chapter “What is Designing?” in his seminal book “Design Methods” from 
1970, John Chris Jones introduces the broad definition: “Design is to initiate change in man-
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made things”. This definition is in line with Herbert Simon’s often quoted definition ("anyone 
designs who devise strategies..."). Jones continue by stating that: 

“As soon as we think about this ultimate definition, we see that it applies not only to the work 
of engineers, architects and other design professionals but also to the activities of economic 
planners, legislators, managers, publicists, applied researchers, protestors, politicians and 
pressure groups who are in the business of getting products, markets, urban areas, public 
services, opinions, laws, and the like, to change in form and in content. What, in all this diversity, 
has happened to designers? Have they, under the modern pressures to become more scientific, 
to participate and to coalesce, lost the special quality that distinguished them from those who do 
‘uncreative’ work? Surely the answer is yes.” 

Framed this way we believe Jones is right. But we claim that such a broad definition 
eventually leads to meaningless generalisation (at least if we consider design a specific set of 
competences). Several other fields can be added to Jones’ already long list of artefacts that 
accordingly are to be considered as design or designed; e.g. the conception and production of 
music, books and films; scientific production at large (Glanville 1998); and the planning and 
execution of, say, robberies or terrorist acts.  

Jones’ definition defines creativity as such, perhaps, rather than it defines design. And 
creativity has to be a more general term than design. Otherwise, large fields of human activity – 
already meaningfully labelled elsewhere – comes under a big umbrella called 'design'. Such an 
approach is not helpful in pointing to any specificity of design. Moreover, it is ‘conceptual 
imperialism’. Anticipating the argumentation to follow, we can state our stance: Methodology is 
too general a concept to constitute a foundation for design. Instead we suggest material as 
foundation for design knowledge. 

But let us examine some of the concepts associated with the “methods” approach. 

Iterations 
The designprocess is usually described as an iterative process; a process of repeated 

cycles. In Jones’ terms, each cycle of iteration comprises three elements which he calls 
divergence, transformation and convergence, respectively. Other versions of the iterative model 
(e.g. the MIT model) can have four or more steps to each iteration, the labelling of which can be 
different. But there seems to be consensus that the design process is an iterative process. 
The iterative process-structure, however, is anything but design-specific. Any attempt to create 
something goes through iterative fases, over and over until a result is achieved – or the time is 
up. 

Say we would want to write a speech. Rather than writing in a linear fashion from the top 
down, it is likely that we would work initially with the structure of ideas and elements to be 
addressed in the speech, possibly in some sort of mind-map or the like, later to be developed into 
snippets of text. The snippets would probably undergo editing and reworking in several iterations 
before a final result was achieved. The elements in each iterative cycle could be 1) reading over 
(again), 2) writing new snippets and 3) editing text. And then back to 1) again. 

Similarly, creating a musical composition, writing a scientific paper or developing a business 
plan are likely to progress in iterations also. 

Abductive thinking 
Many authors (including Cross (2006) and Martin (2009)) consider abductive reasoning the 

cornerstone of design thinking. ‘Abductive’ is a term coined by Peirce adding a third mode of logic 
to the well-known two: deduction and induction. Peirce presents the three different modes by 
means of syllogisms; three-indented forms of propositions. 
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Deduction: All the beans from this bag are white. These beans are from this bag. These 
beans are white. 

Induction: These beans are from this bag. These beans are white. All the beans from this 
bag are white. 

Abduction (or hypothesis): All the beans from this bag are white. These beans are white. 
These beans are from this bag. 

In designtheory, abductive thinking is often considered the hallmark of difference between 
designerly thinking and scientific mode of thinking (see Cross (2006)). Peirce himself, on the 
contrary, places emphasis on the role of abductive reasoning in science. Abductive thinking, he 
says, is the logical mode of the hypothesis (Peirce (1931 - 66)). Scientific thinking is - at the 
forefront of science - neither deductive nor inductive, but hypothetical in the style of abduction. 
The scientist working on a new scientific theory, based on seemingly random patterns of data, is 
not less in the open than the average designer. Thus abductive reasoning is as much the 
foundation for scientific creativity (yet not for scientific rigour) as it is a foundation for design. To 
claim otherwise would be failing to recognize the fundamentally creative nature of science and 
the fact that all science is artefactual. 

Unless, thus, we want to include all fields of creative, scientific theory under the umbrella of 
‘design’, we must conclude that abductive reasoning is not specific to design but a broad notion 
covering a wide range of human activities. 

Ill-defined problems 
Much attention has been given to the definition of design problems as ill-defined problems or 

even wicked problems (Cross (2006), Buchanan (1995)). Wicked problems is a phrase originally 
used in social planning to describe problems that are difficult or impossible to solve because of 
incomplete, contradictory and changing requirements that are often difficult to recognize. 
Moreover, because of complex interdependencies, the effort to solve one aspect of a wicked 
problem may reveal or create other problems. 

The kinds of problems many design theorists (Buchanan (1995), Sanders (2008)) aspire 
design to solve certainly are ill-structured or wicked problems. Among these we can count the 
most alarming global problems. In order, though, for the class of wicked problems to be founding 
for design, these need to cover what we consider to be design activity in general. Furthermore, 
they must comprise a class of problems specific to design.  

As for the latter, clearly they do not. Global problems are everyones problems. On the 
contrary, the wicked nature of these problems call for all skills and sets of knowledge to 
participate and work inter-disciplinary. Furthermore, the ‘aesthetic’ areas of design – fashion, 
jewelry, ceramics and glass to name a few – do not seem to fit into the class of wicked problems. 
In fact, in daily life, most work of designers is not concerned with wicked problems. Rather, such 
work is focused on finding creative possibilities within restrained and well-defined tasks – like a 
house for a family, a chair for dining or a dress for summer evenings. It seems somewhat 
unsuitable to talk about ‘problems’ as a constitutive factor in these cases, since such designwork 
concerns opening possibilities rather than solving problems.   

In trying to speak for design as such, yet recognizing this fundamental problem, Cross 
suggests (Cross (2006)) – supported by monitorations of designers at work – that designers 
seem to work as if they are solving ill-structured problems even if they work on very well-defined 
tasks. This could seem like an attempt to save an unsatisfying theory. But, since the claim is 
supported by data, evidently something in general design-training prepare designers to work ill-
defined or open-ended. What this 'something' could be, we will return to later. 
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So far, we have to say that the class of wicked problems can not be constitutive for design. 
Design does have a place in attempts to solve such problems – in deed has lots to bring to the 
table. But the notion of design cannot be founded on methods for complex problem-solving. 

User-centered / co-design 
Much design litterature has been concerned with the development of sophisticated methods 

to engage with users in order to inform designwork. Some, like (Sanders (2008)), see these 
methods as conceptually new and likely to change design radically. 

 Methods of user-engagement, however, are not specific to the design of artefacts. Many 
techniques and methods in user-involving processes are equal to techniques used in politics, 
mass-communication, market intelligence etc. And they are not new in urban development 
methodology. These methods might be specific – and in deed very helpful – in attempts to solve 
or manage complex, ill-structured problems. But complex problems can not, as we have seen, be 
constitutive for design competence. User-engaging methodologies are ways to inquire relations 
and interactions in the complexities of modern society. But they are far from exclusively the 
possesion of design knowledge. Moreover, in the ‘aesthetic’ strands of design – jewelry, fashion 
etc. – user-engagement is not likely to become the only driver of development. Or a driver at all, 
for that matter. 

So we see that user-engaging methodology is a relevant approach to some real-world 
problems, but is neither covering the total of design fields, nor specific to design. The problems 
adressed by these methods are not always present in design and, if they are, they are not 
exclusively design’s.  

At a different level of thinking we can also note that inquiry-methods produce knowledge, but 
that knowledge is not design. Knowledge is science. If one would claim inquiry-methods to be 
design-methods it would in fact imply that knowledge is design. The further implications of this 
idea are entertaining (Glanville (1998)), but it stretches the scope of design far beyond any 'core-
competence'. We therefore agree with Cross (2006) and many others, who have argued 
convincingly that design is not a science, but something different. 

Consider the Liz Sanders diagramme (figure 1). In the fuzzy front end, criteria for design and 
ideas are developed collectively. As nothing has been decided yet, the black line moves far off 
the red line from time to time. As the project progresses, the movement of the black line becomes 
more straight-forward. We believe this to be an adequate picture of the design process – that is: 
the design process in general, not specifically the co-design process. But where is design-
knowledge in the diagramme? We suggest design knowledge to be the ability to walk the full 
length of the horizontal red line, rather than just how off-set the curly black line is. We will return 
to this later.  
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Fig. 1: The co-design process; from (Sanders (2008)) 

The forming process 
In order to define the core competences of designers, we suggest a different line of thinking. 

A line that does not start from specific methods nor from general problemsolving. Instead we 
suggest a foundation for design which never changes, which is consistent with all the crafts-
based and aesthetically biased fields of design, and one which all emerging fields inevitably must 
subscribe to – that is, if an emerging field aspires to produce tangible form. This foundation is 
material.  

A close relation to materials – to the restraints and possibilities of materials and related 
constructive processes – is characteristic of the crafts-based design fields. Subdivisioning and 
naming of these fields reflects this – glass, ceramics, textile etc. – and these fields are deeply 
rooted in human history (Pallasmaa (2009)). In architectural education, the grammar of 
construction is usually referred to as tectonics. Architectural grammar comprises e.g. cross 
vaults, ashlar masonry and raking cornices, whereas e.g. fashion comprises flat felled seams, 
rever collars and dolman sleeves (Gully (2009)). 

In designwork focused on the concrete form-giving of tangible artefacts like, say, that of a 
house, user-involvement is customary. This is not to say that user-processes are not improved by 
advancing the sophistication of the involved techniques. They are. But ‘use’ as such is only one 
facet of the process. The architect gives form and in so doing takes many aspects other than use 
into consideration. Among these are technological, legislative and urbanistic as well as social, 
experiential and existential aspects (Pallasmaa (2005)). 

The front end of the process is usually referred to as ‘programming’ in architecture. Apart 
from programming, the process includes several phases from the conceptual level to pre-project, 
project and detailing, tender, building, delivering, 1 year and 5 year evaluation. Each phase imply 
its own set of problems, involved experts, users, deliverables etc. Each phase is equally 
important for the quality of the final result. 

In the variety of inputs, collaborations and different methods involved in the process, it is the 
job of the architect to engage dynamicly in inquiry, extract any form-relevant information and 
produce form proposals; to search for creative possibilities of any kind – along with anyone 
involved – but remain focused on the actual hardware outcome. Architects and even architectural 
companies can specialize in programming. But since architecture is essentially physical, material 
is the offset. 

The architect or form-giving designer combines the various aspects into coherent form 
proposals. In the middle and back-end of the process the designer applies her ability to 
communicate and develop with tangible materials and form through a number of tools: sketching, 
modelmaking and mockups. (see Cross (2006): designers learn the 'language' of form). The 
designer establishes a connection between the mind, the eye and the hand (Pallasmaa (2009)) 
which is essential to form-giving. It is the engagement with spatial reality and concrete materials 
that is at the heart of the designers competence. "There is no way to understand making, other 
than going through the process of making" (Gully (2009)).  

This is essentially a transformative ability as pointed out by Foqué (Foqué (2010)). 
Principially incommensurable elements, namely cognitive elements like ideas, projections, 
numeric data etc., must be merged and embodied in form – a crucially different medium. 

Probably this explains why designers seem to work as if with ill-defined problems even if they 
in fact work on well-defined assignments. 
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Tectonics 
Developing the competence of this transformation begins with making. A student project for 

fourth-year students at RASA takes the material as the foundation for the study of a well-known 
object: the chair. The projecttitle is: "One Chair. One to One. Once a Week". As indicated by the 
studio’s title, emphasis is methodological, describing a productive rhythm of investigation and 
experimentation concentrated around the act of making – in this context literally one full-scale 
chair every week. The second emphasis is a conceptual and programmatic one. By addressing 
this challenge several times over within a weekly feedback loop of fast and active 
experimentation, the studio develops speed and fluency in design communication and opens to a 
vigorous space of engagement and debate around the design of the chair. The students are 
asked to consider tectonics, materiality, shape, programme, functionality, physical and cultural 
durability as well as production methodology. The task investigates through material and tectonic 
relations. 

The assignment involves fixed materials in each weekly loop: Chair #1 uses sticks. The class 
works with the same material in the same pre-fixed dimensions, in this case 36x57 mm. 
Chair/week #2 uses sticks and plywoodsheets. Sticks in dimensions as mentioned above, but 
now adding plywood and the restraints/possibilities of a planar material in combination with 
sticks. 

 

  

Fig. 2: examples of chairs #1, #2 and #3 

 

Chair/week #3 uses only plywood sheets. The students work with the caracter and properties 
of the plywood as a planar material. Chair #4 allows mixing materials from all 3 above-mentioned. 
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Fig. 3: examples of chairs # 3 exploring possibilities in planar plywood 

 

Chair #5 uses 1 mm sheetmetal. Students may bend, cut, drill and use the pointwelding 
machine. 

 

Fig. 4: Chair #5 

Method and material 
Tectonics –the combination of constructive grammar and material sensitivity – is a basic skill 

of the architect and the designer, yet in order to make profound contributions to material culture, 
of course the tectonic competences of the designer has to meet real-life challenges. The design 
method – iterative and general as seen above – is combined with the competences and artistic 
sensibility trained in engagement with material. 

The following example is from a thesis project at RASA. It is a project for a sidechair for 
people who are disabled and can't move their legs at all. It serves as an example of the combined 
competence of programming (inquiry and analysis) and transformation (physical manifestation). 

 

Fig. 5: video-analysis of patients moving from wheelchair to sidechair; initial models studying 
possibilities of a movable armrest  

 

A process engaging users and comprising video studies (fig. 5, left) and interviews focused 
the project and gave designcriteria for a sidechair enabling easy movement from wheelchair to 
sidechair and back. Furthermore, it was found that the chair should have an appearence avoiding 
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'equipment-for-handicapped'. The solution includes an easily movable armrest, wheels on the 
front of the chair as well as a soft seat accomodating special needs for this group of users who 
live their life in chairs.  

The studies included user needs, spatial context, dynamic interaction, new materials, 
tectonics, production technology etc. 

 

Fig. 6: full scale experiments and sketches/samples concerning tectonics 

 
Fig. 7: final solution 

 

In the context of our discussion, this shows one very common example of the combination of 
material ability and real-world problems. In the vocabulary of Foqué (Foqué (2010)), the essential 
knowledge at stake in the process is transformative. In the vocabulary of Cross (Cross (2006)), 
the designstudent demonstrates her competences in 'the language of form'. In the context of the 
Sanders diagramme (figure 1), the designstudent has walked the red path from 'design-criteria' 
via 'ideas' and 'concept' to 'prototype', in each phase blending with other competences and 
allowing movements off the path. Evidence of any design knowledge embedded in the prototype 
should be seeked simultaneously in richness of content and in resolution of form, since 
concurrency hereof is the core of design's transformational ability. 
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Conclusion 
Invention, ideation and creativity in the content of artefacts is (sometimes) inter-disciplinary 

and co-created. Since inter-disciplinarity means 'not the core competence of any field', 
consequently invention and creativity can not in themselves be design-specific. 

We claim that the designer, as the architect, is trained in tectonics – the capability to make, 
form and construct – as well as in the general, iterative process of development. So equipped, 
the designer meets real challenges and transforms the yet not materialized prerequisites into 
tangible form, the core competence of the designer being one of transformation. The 
transformation process is fuzzy with respect to use/function as well as to many other involved 
parametres (including aesthetic ones), and therefore  transformational competence blends with 
supporting competences all through the process. The fuzzyness and the ill-definition does not 
arise from the complexity of real-world problems, though, but is a condition with origin in the 
necessary transformation – the process that make the change from needs, demands, ideas, 
aspirations, dreams, restrictions and so on and so forth into manifest, tangible form. 

This notion of the material-based, tectonic, transforming core competence is in compliance 
with all of the well-known design-fields, as well as with any of the emerging fields that involve 
tangible form, and it draws the outline of a coherent field with an important task ahead of it. A 
cultural task, since 'everything about a culture derives from the way they produce their pots and 
pans' (Flusser (1999)). Moreover, it also makes any talk of ‘radical changes in design’ seem 
overstated. The often claimed expansion of the notion of design is not really an expansion but, 
perhaps, a tangential movement from – or a hump on – the field of design. 
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