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During the 1990ies growing problems related to the role of engineering in product and systems design has been recognized and several new educational program have emerged in the US and Europe. All of them including new approaches to engineering design and the knowledge needed to manage the design tasks in industry and in public institutions. This seem to reflect several changes relating to engineering teaching and to new challenges coming from the role and use of technology in society. This could either be seen as another modification in engineering training adjusting engineering knowledge and practices to the need of society or as a much more fundamental crisis in the science orientation and the curriculum development in engineering schools.
This research is still an unfinished undertaking. It entails three elements:

· first: to trace the history of design theory and methods within the engineering educational systems and literature,

· second: to identify situations where the division of labour (and conversely cooperation) between industrial design (as a specialisation in arts and architecture) and engineering in relation to design activities and approaches is becoming visible, and

· third: to identify elements of contemporary changes in how engineers are engaged in commercial design activities and how these activities relate to innovation and market constitution.
While the third process of transformation – in case its more than just a temporary search for new ways of positioning strategic product developments – is somehow triggering this research, as this has been legitimating some of the new educational reforms within the field of engineering design. But the research is as much motivated in tracing the roots and implicit professional cultures and claim concerning the delimitation of what is considered design tasks and which methodologies are to be employed. 
The dominant trend in engineering education supported by the development of engineering science and research since the 1950ies has been to develop engineering methodologies and practices building on science based theories and methods. In a certain perspective this has only emphasised an ambition from the research based engineering schools already outlined before WW2. As such this new trend does not change engineering education – at least not at the masters’ levels training established at engineering universities in Europe and the US. But other changes have been going on alongside with the science based developments resulting in the more practice based engineering institutions especially in Europe to be enrolled in the science oriented changes of curriculum, and at the same time the demand for engineering skills have changed in society leading to a large number of new specialisations and a growth in complexity of the tasks engineers have to work with. This change in the professional demands for engineering skills do on one side relate to the growth in technological diversity, and on the other in the integration of usability, human factors, work space design, environmental concerns etc. in the palette of problems facing engineering projects.

The science orientation has resulted in what could be characterized as a prolongation and maintenance of a rather techno-centric approach in engineering design. This approach does not have a very long history of explication within the engineering disciplines. While it is possible to trace some very early attempts to argue for engineering design synthesis in the mid 19th century, the first distinct topics in engineering curricula focusing on engineering design can be traced back to the 1950ies where especially in Germany ‘konstruieren’ developed as a sub discipline within the topic machine elements. The focus in mechanical engineering had been on a set of established constructions (stylised artefacts) that has been the basis for developing a component based understanding of the elements and the processes constituting specific types of machine and other constructional forms. During the 1960ies this lead to a new discipline taking on the notion ’synthesis’ to demonstrate its difference from the analytical sciences evolving around the optimization of the individual elements and mechanisms forming the parts of the artefacts in question.
Design was seen as a new set of work processes and methods to be used in improving and combining the elements by which mechanical technologies were constituted. The basic rationale being: because machines do exist there is a need for a new science focusing on the design of these machines. The interesting and somehow strange observation is that other domains of engineering do not develop the same type of approach. In civil engineering, especially in road and house construction there is a continued tension, but concerning the larger singular artefacts do not lead to new topics centring the design issues separated from the individual artefact and technology. Bridge construction has a specific part focusing on different constructional principles and designs more like an encyclopaedia of bridge designs. In housing construction there might be student projects doing designs, and some architectural history might be taught, but the analysis of designing houses is more a question of combining the different functional aspects of buildings than a separated design activity. In chemistry some topics do have similarities with the design tasks of mechanical engineering, but the focus has mostly been on combining stylised processes (‘einheits operationen’) in production planning on one hand and chemical synthesis as a laboratory activity on the other. In electronics the standardised components has mostly lead to a focus on circuit analysis supplemented by some specialised courses in transducers but almost completely leaving aside the design of functional artefacts.
The overall picture in engineering design has been that engineers are factory and laboratory workers who ‘design’ artefacts within an established hierarchy of knowledge and based on either already established stylised artefacts (also named paradigms, guideposts etc.) or specifications produced by others in the overall process of product, production and service development. This has implicitly supported the picture of technology as a hegemonial type of knowledge and engineers as advance technicians servicing this dominant and established set of solutions. The strange thing being, that this image somehow contrasts the idea that technology itself is a driver of innovation and the engineers are inventors per se.

At the same time design – even in this rather limited form – has faced severe problems in maintaining its credibility in the engineering curriculum, and has emerged as a field of practice though still fighting for a status a methods and science based discipline. The result has been a development of theories of design (construction) including the definition of synthesis as the specific approach that has lead to a quite substantial development of tools and a large number of papers and articles. The problem of giving content to e.g. synthesis and design methods beyond the more incremental modifications and optimisations has though been serious. Many methods have been developed and presented in papers at engineering design conferences but few have contributed to the understanding of the black-boxed processes of design. The focus seem to have been on generalising methodologies from specific practices taken from branches of industry with a dominant element of stylised designs and components like the automobile industry. Several papers have argued that most of these methodologies do not provide any specific useful knowledge outside their own stylised world of design activities and that they are not used in practice by other designers or engineers – not to say that they might not provide some inspiration at the level of war stories etc.
Comparing the evolution of engineering design methods with the training in industrial design and architecture there seem to be a very distinct difference. These professions have has design as a specific topic in their educational training taking the outset in the type of designs they had to produce. They so to speak take their outset in the field of use of the specific designs, though still also tending to have an already established and stylised set of archetypal products to be designed. As letterheads for graphical designer, furniture for indoor architects, consumer products for industrial designers, and houses for architects. These areas of use have inspired to the search for design rationales, visions and the construction of archetypal designs as well as design icons. One could say the core of these design topics have been a combination of usefulness based on social and functional analysis with some basic ideas of the aesthetics of form, colour and material building on a generalised ideas of function and form as the constituting elements of design. It can though be questioned how far the design topics have evolved concerning the functional element as this has been an ongoing tension within the professional groups of architects and industrial designers.

There has been a number of rather challenging cross-fertilisations between engineering and industrial design especially concerning the use of new materials – and even in materials innovation – and in the utilisation of production methods. But at the same time these have more had the character of two professional groups meeting in temporary and spatially delimited activities than establishing a continued exchange and improvement of professional knowledge. This is also deeply reflected in the different professional cultures among the two groups of ‘designers’ having their own professional societies and their distinct codes of professional identity and conducts. Where engineers typically have identified themselves as corporate workers or entrepreneurs taking on parts of the design and innovation activities in cooperation with others, industrial designers have till now maintained a self-image of being individual artists working as consultant and overlooking the whole process from idea generation to design and production.

This crisis in engineering design has resulted in new professional groups taking over the core and more radical design tasks in companies. This change seems to reduce the classical engineering design departments to focus on incremental innovations and maintaining the existing products and production lines. The new ‘front end’ innovations are organised in new organisational setting even networked involving outside consultants and other companies. They also employ anthropologists, market analysts, industrial designer and odd people with competences and experiences from radical innovations. New disciplines outside the conventional engineering topics seem have been needed to get beyond this deadlock in engineering design challenging the idea of the core role of natural sciences as the core of the basic engineering curriculum.

The article will illustrate these changes with a number of case studies from especially Danish companies and Danish design training activities, draw the line to the dominant tendencies in engineering design methodologies and synthesis, and illustrate some of the missing elements in engineering teaching for engineers to face the challenges from contemporary technological innovation. One further element in this research will be to try open the black boxes often introduced in design labelled ‘creativity’, ‘out of the box thinking’ and other metaphorical ways of avoiding to answer the question of design being more than just an intelligent way of combining existing technologies, components and user needs.
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