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Since the industrial age, firms have been able to domesticate innovation by organising design activities. Today, innovation is at the heart of competition; its intensity and speed also question design and R&D organisations. In a view to identifying the new challenges to be met, we will begin by looking at the history of design activities and the principles that governed engineering and R&D departments in the past. We will then explain the notion of “innovative design”, which must be at the centre of any innovation process today. 
I. The hidden side of the Industrial Revolution. 

The history of firms shows an uninterrupted flow of innovations that would not have been possible if design professions and activities had not been created. However, for cultural and social reasons, the design activity was mistaken for technical research and industrial rationalisation was assimilated with the optimisation of factories. And yet, as early as the mid-19th century, before Ford and Taylor, firms first rationalised their design activities because they had to cater for the opportunities offered by the new industrial world. 

Design rules to multiply supply 

The English Industrial Revolution was marked by a host of new products and machines: steam engines, mechanical looms and spinning frames, new materials, etc. Although Science seems to have played only a small part, it was the time when the first design methods emerged. James Watt was not only the inventor of a new steam engine. For a period of over thirty years, the company Boulton and Watt repeated the innovation and transformed a machine for pumping water in mines into an infinite variety of machines for every sort of industry. In order to meet the great variety of needs without an explosion in costs, Boulton and Watt designed standardised “pattern cards”, which could be used from one machine to the next and were compatible with a wide variety of machine parts and different dimensions. Carried out by entrepreneur inventors, this rationalisation of a family of potential objects paved the way for far-reaching transformations in the industrial world. After 1800, the new industries (machine tools, metal construction, etc.) would not have been possible without leading engineering departments dominated by rule-based design and guided by the generative models that brought the idea of pattern cards into general use.
Design rules and project management
In France, rationalisation took place in a different manner. Under Colbert, the King’s Engineers organised the designing and ordering of major infrastructures (canals, fortifications, ports, ships, etc.). We owe them the language of “project” management (preliminary project, estimate, contracting ownership [maîtrise d’ouvrage], primary contracting [maître d’oeuvre], control, etc.). As Hélène Vérin showed, the estimates had to summarise the main design choices. They were also based on generative models that described the major machine parts and the works to be carried out. It was on the basis of these models that the engineering sciences - such as the mechanics of civil engineering and fluids or materials resistance - were formed, by abstraction, experiment and categorisation. These sciences were of course very closely linked to the design problems that gave birth to them. The scientific models became indispensable, but they were still not capable of organising and designing new generations of machines. A new design revolution was needed: it was led by the German school of systematics. 

II. The origins of systematic design: innovation in the machine industry.
This approach was developed in close relationship with industrialists. Ferdinand Redtenbacher (1809-1863) taught at the Ecole Polytechnique in Zurich and worked with the machine manufacturer Escher-Wyss. His idea was to develop a universal science of machines aimed at describing and guiding the work of designers. He specified each design phase and built up a universal body of reasoning: specifications, choice of standard patterns, dimensions of the main magnitudes and the machine parts, etc. These models were adopted and enriched after Redtenbacher and were to have a considerable impact on designers' work in firms. 
The efforts in systemisation combined innovation and rule-based design. Shortly afterwards, it became obvious that several different languages were needed to describe a given machine. Three languages emerged: functional, conceptual and physical-morphological. They formed a model that was disseminated world-wide. Functional language describes the services and expected uses from the users’ point of view; conceptual language is based on the major engineering models (mechanics, kinematics, thermodynamics, electrical diagrams, etc.) and describes the phenomena that carry out the functions; physical-morphological language (parts, forms, materials, etc.) describes the material objects that enable the above phenomena to be produced. 
Systematic design and organisation of firms 

Beyond the engineering departments, systematic design had an impact on organisations and professions. The commercial departments, the engineering and design departments and the draftsmen corresponded respectively to the three languages mentioned above. The commercial departments could study the needs without having to worry about technical solutions straight away; the engineers could think about conceptual models before the technicians drew up the characteristics of the parts. The object’s industrial and commercial rationale was thus respected. This rationalisation was the source of a strong growth in productivity for engineering departments. At Westinghouse, for instance, the reorganisation of the engineering department in 1902 had major consequences: the time required for design was reduced from 34 days to 6.3 days, and the number of products designed was doubled with just a 17% increase in design staff. In this way, even when R&D laboratories were introduced in the following decades, the challenge of design was still a question of mastering a cone of innovations. But for this framework to be viable, generative models are still essential instruments. More than simple catalogues, they are glossaries, reasoning and systems of rules, which enable new configurations to be designed, in successive stages. Today, rule-based design must be added to if we are to take up the challenges posed by contemporary innovation. 

III. Firms put to the test of intensive innovation: from R&D to R.I.D. 
Why is the question of innovation so important today? Because contemporary innovation questions generative models, or only allows them to have a very short life span. There is a new challenge, which consists in organising innovative design, i.e. the permanent redesigning of new generative models. 
Intensive innovation: a new system for competition
A few features serve to characterise what we call “intensive innovation”. Innovation has become commonplace and now concerns all goods and services. New models, technical or aesthetical modernity and the need for research are no longer the prerogative of heavy industry alone, but also concern sectors such as ICT, food, construction, cosmetics, etc. Competition is exacerbated by the fact that innovation has become more common, thus obliging designers to go beyond the innovation cone attached to generative models that they know well. The phenomenon is amplified by the dissemination, hybridisation and recombination of the innovations. After the fixed and the mobile phone, computers have colonised cameras, which have in turn invaded mobile phones. This self-amplification of innovations now takes place at such a great speed that it results in entire sectors of industry and services becoming obsolete and having to be re-engineered: there were very few years between vinyl records and laser systems, fixed and mobile phones, silver-based and digital photography. This speed has nothing natural about it, but is sought after because it is part of the competitive game. Traditional competition produces a known object more cheaply; traditional innovation tries to take advantage of differentiation within a product range; competition through intensive innovation strives to undermine the generative design models and thereby the markets themselves. 

Intensive innovation provokes recurrent identity crises for products and services. The different stages of systematic design become interdependent and lose their autonomy. Today, what are the functions of a telephone, or a television? How can they be imagined without knowledge of the innovative technical solutions? Where is the dividing line between medicines and food products? Scientific research is taking part in this maelstrom: it proposes new processes but does not reduce the complexity of work on innovative design, but increases it. The coordination between the different design professions is becoming particularly complex and the roles are tending to become more blurred. Often, the marketing department starts from new techniques, the engineer looks for uses, the designer invents new social functions, etc.  

Firms are therefore obliged to adopt two simultaneous strategies. They must make the available generative models last as long as possible by maximising their potential for innovation, but at the same time, they must ensure that they have a permanent capacity to renew these models. What are the organisations and the design reasoning that are the best adapted to this new situation? 
2. The guiding principles for rebuilding: from R&D to RID
To answer this question, we must renew the languages of design and look at contemporary innovative firms to study their design practices. 
Design reasoning and innovation  
Intensive innovation encourages the joining of design models and creative models in so-called innovative design models. One of the best known attempts at this is the TRIZ method (theory of inventive problem solving). Based on a study of thousands of patents, this approach identifies principles that help solve all technical problems. In this way it finds higher quality generative models for technical design. However, it does not propose an overall framework for the innovation process and does not concern conceptual innovation, which arises through changes in values or in uses or the services that are at the heart of contemporary innovation. 
Our approach begins with the more general idea that the building of a new generative model, whether or not it is technical, is based on two simultaneous processes. The first is characterised by the creation of an innovative concept and its “expansion” through successive refinements. The second consists in mobilising knowledge and looking for new knowledge. In rule-based design, the two processes are practically combined. In innovative design, they are quite distinct, although they interact strongly. Let us imagine that we want to design a “great party”. We can innovate whilst keeping the traditional generative models: a dance, a fancy dress party, a party with a theme, etc. Or we can look for a more innovative definition. In this case, “great party” becomes a concept to be explored like an unknown territory (a good example to illustrate this is the innovation involved in the Paris-Plage concept). What can we innovate? The attributes of the party, or what we mean by “great”? We can also play on the location, the programme, the events that will take place at the party, etc. For each of the dimensions, we must look for new knowledge. If we find a original venue, this might suggest new ideas for events, or unusual attributes for what a “great party” is. This shows that the definition of the “great party” is not fully deduced from the initial knowledge. The concept’s definition evolves over time. It is built up by interacting with a knowledge exploration process, which can include scientific research or the study of uses or aesthetic forms. This model is therefore well-suited to innovative designs stemming from technical or design departments, from users or from research.
This example illustrates the notions of a unified design theory (also called C-K theory, where C is the process relating to concepts and K is that relating to knowledge) (**). This theory has proved to be particularly useful for studying and guiding innovative design activities. It takes into account the work to be done on indeterminate, innovative concepts such as “in-car internet” or “an intelligent bottle”. The approach is currently being experimented in several industrial contexts. Apart from its technical aspects, which we cannot go into here, the model casts new light on the strategic reasoning and on the organisations best suited to intensive innovation. 
Organisations suited to innovative design: from R&D to R.I.D. 

In the current debate on innovation, there are frequent criticisms of R&D departments, accused of not producing enough profitable innovations. Our approach consists in putting the question the other way round: how can research be useful and efficient if the firm does not have a well-organised innovative design process? 
Research needs precise questions in scientific terms, as it has to organise a controlled process of knowledge production. It cannot work on indeterminate concepts. As for Development, it needs precise functional specifications and stabilised generative models. However, at the beginning of an innovative design process, neither of these two elements is available! Innovative concepts cannot be transformed into specifications. And the knowledge to be explored is not organised into a precise research programme. It is therefore clear that an essential linking function is missing in the context of intensive innovation. This missing link is the innovative design activity. It is the only function that must start from innovative concepts to explore new knowledge, and then use this knowledge to hone and choose an effective definition of the new concepts. Innovative design is neither R nor D. Its mission is to design the generative models for the future product lineages. This is why we see the current changes as a move from R&D to R.I.D. The role of the new function, the I between the R and the D, consists in organising innovative design.
Strategy and management in the innovative firm.
As with other changes, the move to RID calls for new types of managers and strategists. A head of innovative design is not a traditional project manager. He is unable to follow a clear objective by optimising known resources. He must build concepts and learning processes, decide on the future of complex technical policies, manage innovation partnerships with suppliers and define the scope and master the many different innovations that emerge during the project. His work cannot be evaluated by simply looking at the products marketed; the potential value of the knowledge created for all the firm's activities must also be taken into account, particularly the help provided for existing products to keep them in the lead whilst retaining something of the former generative models.
This approach explains the changes that can be observed in firms with a tradition for innovation or those which are strengthening their ability to innovate (Apple, Dassault Systèmes, Sagem, Renault, PSA, Toyota, Tefal, etc.). They build growth strategies by designing new product lineages and reusing competencies from one lineage to another. This approach enables the firms to take the risk of launching new lineages whilst lessening the risk by pooling the knowledge and the competencies created over a wide range of products. It is practically impossible to build this sort of strategy without an organisation suited to innovative design, as technical or commercial managers of product lines often concentrate exclusively on their own results. Examples of the pooling of resources required by innovative design can be found today with the construction of norms for interface, communication and interoperability. Innovative design operates on a collective level, when several firms concerned by an issue group together to offer the concepts of the future (MPEG, Blue Tooth, USB are examples of this approach). Generally speaking, it is often impossible to carry out the innovative design process alone. It gives rise to a large number of exploratory partnerships (***) with clients and suppliers that are the source of many difficulties if the firms in question continue to use traditional R&D approaches.  
Conclusion
Today, the issue of innovation is posed in a new form that challenges organisations and the traditional design professions. To build new innovative design capacities, it is essential to devise and organise the continuing regeneration of product models and structures of competency. The stakes are high: all the firms’ upstream activities (research, engineering, marketing, communication, industrial design, etc.) are concerned. A vital aspect of their mission is clearly to make the firm’s potential global value grow and to regenerate operational activities and the firm’s action networks (partners, suppliers, etc.). Consequently, they must also find, separately and in close cooperation with the latter, the methods the best suited to this vital side of their mission. For example, they can set up innovative project steering systems, different from traditional reporting systems. The theories of innovative design are a great help in creating these tools, particularly in their ability to monitor separately the concepts and the knowledge developed. Tthe move from R&D to RID is not just a question of globalisation or relocation of R&D departments. We are only at the start of changes that will certainly be as great as the revolution that led to the invention of engineering departments, research laboratories, and design departments at the beginning of the twentieth century. In the long term, firms themselves could very well be redefined. As researchers, we have tried to clarify and accompany these changes with our partners in firms. 
(*)  (*) Armand Hatchuel, Pascal Le Masson, Benoit Weil are teachers and researchers at the Ecole des Mines de Paris. Hermès Paris 2006.
(**) For further information, see the authors’ publications, accessible on line. 
(***)  (***) B.Segrestin, “lnnovation  et coopération interentreprises", Editions du CNRS, Paris, June 2006. 
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