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Foreword


The need for change in a company often translates into a real need to adapt in order to survive, especially in a constrained environment; in other words, it is a matter of innovating or dying. This was well illustrated during recent crises, for example in 2008 with the financial crisis, when, even under reduced resources, the accelerated change toward an “open innovation” model with external partners, academics, customers and suppliers, enabled us to prepare for the rebound after the crisis. More recently, during the Covid-19 pandemic in 2020, the rapid use of digitalization and the electrification of transport are already preparing us for environmental challenges, particularly related to global warming and the necessary reduction in the use of fossil fuels. In this changing world, the innovation process facilitates change and creates a positive, continuous and visible dynamic. This process is useful for companies to focus efforts at the right time, with the right intensity, in the right place, with competent and prepared teams. The notions of market and temporality are also crucial. Without a market, innovation will only remain at the invention stage, an expense for the company with no return on investment. To be successful, this implies a continuous intimacy with customers, a shared value creation process. The innovation process must also adapt to the context and make the most of available technologies, wherever they may be, from our suppliers, our academic partners, and public or private research. The meeting with the teams working at the Laval Virtual Center and the work carried out with the Institut Arts et Métiers de Laval have enabled MANN+HUMMEL, a leading global company in filtration technology, to strengthen its strategy in the field of digitalization, by seeking to create value from digital data, and by applying it to the innovation process. The speed with which we can interact with our customers in our ideation processes, up to the realization of prototypes, real or virtual, is an important factor in convincing future customers, investors and internal or external decision makers. In 2016, based on this observation, the collaboration between MANN+HUMMEL and the Institut Arts et Métiers de Laval was initiated in order to conduct research and experimentation on the contribution of technology, related to virtual reality, to the innovation process. This project is called “Time to Concept”, and its objective is to reduce the time between ideation and the first customer experience. It is about putting the user or the customer at the center of the game by immersing them, gathering their emotions and feedback, and taking these into account in real time to adapt the product or the service. It is also of course about converging, at the end, on a creation of value, demonstrated in the virtual environment, with system interactions made more visible. For example, during a recent car show in Frankfurt, we managed to put a few customers under virtual reality headsets to gather their impressions of a new vehicle interior filtration system: a situation lasting less than two minutes to explain everything, in particular to visualize the invisible, that is, the improvement of the vehicle’s air quality. Remembering the experience, one of them, a world-renowned car manufacturer, then selected us to create a demonstration vehicle. In the field of air quality improvement, which is one of the strategic axes of the MANN+HUMMEL Group, we try to make visible with the help of virtual reality the physical phenomena at stake, such as fluid mechanics, the propagation of pollutants and their filtration. Explaining them is all the more necessary to bring to the market new and more efficient filtration technologies, adapted to the new uses of mobility and our lifestyles, and also in tune with the new recommendations and regulations in this field. Thus, this book describes the generic results of research work validated in concrete cases to support the digital transformation of innovation within companies through immersive technologies.


Jérôme Migaud 
Transportation Innovation Director
at MANN+HUMMEL Group 
September 2021
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Preface


In this book, we regularly refer to research work conducted by our team at the Institut Arts et Métiers de Laval. It is therefore not superfluous to provide a few elements of context beforehand.


The École Nationale Supérieure d’Arts et Métiers is a French engineering school renowned for its orientation toward the industrial world. The Institut de Laval, attached to the Angers campus, has developed in conjunction with the Laval virtual reality ecosystem and in particular Laval Virtual, the organizers of the international virtual reality trade show. The institute manages the MTI3D master’s degree, which trains high-level students in the management and engineering of immersive technologies. The Institute’s researchers form the “presence and innovation” team of the “Laboratoire Arts et Métiers ParisTech d’Angers” (LAMPA). The work of the team concerns not only virtual reality, user experience and use cases of virtual reality in different industrial sectors (training, health, product design, etc.) but also innovation methods and creativity. Alongside research activities, the team is led to support companies in their adoption of immersive technologies and also in their innovation processes, notably through the animation of creativity workshops.


Within the framework of the Chair entitled Time to Concept, a series of work has been completed on immersive technologies for ideation. This work has enabled the formalization and evaluation of the Time to Concept method described in this book. It is therefore both a researcher’s viewpoint that is proposed and the result of a field experience built on the basis of tests and regular feedback in real situations.


September 2021






  
    





Introduction


Humanity has always sought to innovate by inventing new products, services or manufacturing processes. Innovation is part of our DNA. The Renaissance (14th–16th centuries) was a period of greatness. Five hundred years later, we are now living in the “Renaissance 2.0”, a new period of major innovations, both great and troubled, that history will remember.


Collective intelligence, boosted by increasing network speeds and artificial intelligence, gives rise to new ideas every second across the planet. Like comets, most of these ideas fade away as quickly as they appeared, before being transformed into intelligible concepts that can be seized by the companies best equipped for innovation.


The digital transformation of companies is a competitive challenge and a complex step for large groups and industries, but at the same time a tremendous opportunity. This transformation is moving into another dimension with the development of immersive technologies and artificial intelligence. The challenge of innovation and digital transformation are now coming together as more and more research shows the potential of immersive technologies in accelerating the first steps in the innovation process.








  
    





1
Innovation Management: Issues and Key Points for a Vital and Strategic Process


Systematic innovation requires a willingness to see change as an opportunity. 
PETER DRUCKER




1.1. A question of survival


Every year since 1955, Fortune magazine has published a ranking of the 500 highest-grossing U.S. companies. In 2014, the American Enterprise Institute revealed that 88% of the companies initially included in this ranking were no longer in existence. Some had gone bankrupt, others were bought out, even though most of them had been flagships of American industry. As Joseph Schumpeter said, most companies die “of old age” when they are no longer able to innovate. Lack of innovation naturally leads established companies to disappear. These disappearances are accelerated by the arrival of new companies which, on the contrary, are born and develop in their wake. Innovation is therefore a question of survival, or at least of maintaining a dominant position.






1.1.1. The example of Blockbuster Video


Blockbuster Video is a famous example of a company that died of old age due to lack of innovation. Founded in 1985 in Dallas, the company operated a chain of VHS movie rental stores. It adapted to the evolution of video media, moving from VHS to DVD and video games. In 2000, Blockbuster had an option to buy the young California company Netflix for $50 million. Blockbuster’s executive at the time refused the deal because Netflix was losing money. In 2014, Blockbuster Video went bankrupt while Netflix raked in more than $5 billion in annual revenue. Netflix made all video rental companies obsolete in a few years. Blockbuster Video, in a dominant position, failed to make the paradigm shift that was needed at the time. The story was not over, as in 2019 and 2020, no less than six competing platforms came to the market with a technological and economic model similar to that of Netflix: Disney, NBC, Apple, HBO and Amazon. There is also room for “followers”; it is never too late to innovate.






1.1.2. A regime of intensive innovation


The challenge of innovation is to survive or to maintain one’s advantageous position. This is not new, of course, but innovation is even more crucial today than it was yesterday because we have entered a regime of intensive innovation (Hatchuel et al. 2000). On a global scale, the number of patents filed and scientific publications is constantly increasing. While it took more than 60 years to go from a 17 cm vinyl to a 12 cm CD, it took only 5 years to go from a digital music player to a subscription-based streaming service. This example illustrates the accelerating pace of innovation. MPO, the European leader in vinyl records, became the European leader in CDs and then DVDs after a successful technological transition. Moreover, the reduction in the number of vinyl records on the shelves has not disrupted the expertise of companies in this field, whereas the arrival of online listening platforms has made other media obsolete. This is the second characteristic of the era of intensive innovation: innovation is increasingly radical. Not only do disruptions happen more often, but they are also more brutal. Companies are therefore more and more subject to the risk of seeing their market disrupted and must adopt methods that allow them to transform this risk into an opportunity. Incremental innovation remains essential, but does not protect against the emergence of a disruptive competitor.


It is possible to prepare oneself to face this obligation of innovation, either through methods or tools. Innovation is a way of transforming ourselves to absorb the revolutions underway; the digital revolution in the broadest sense (including artificial intelligence, immersive technologies, supercomputers, etc.) is the one we are currently dealing with. It is also a way to adapt to the new constraints linked to the consideration of ecological issues, with a set of opportunities to be seized.


The impact of innovation as a process is considerable in the long run, but innovations as an outcome of the process are often small, incremental steps. We only hear the stories of very dramatic innovation, but most innovations are not. They are not original, nor technically complex, and often look like common sense in hindsight.






1.1.3. From creativity to innovation


Creativity differs from innovation in that the former is about coming up with ideas and the latter is about implementing them. Creativity is therefore a psychological trait and process, whereas innovation is a management issue, a professional activity that is generally collective. Indeed, the implementation of ideas often requires the association of several forms of expertise in an innovation team. When the organization allows it, creativity will generate a flow of new ideas that will feed the innovation process. If innovation is a question of survival, it is also an exciting playground with flexible rules, allowing each step forward to transform ideas into successes. The challenge is to ensure that new ideas can survive in mature companies, that is, with an optimized organization for production and continuous improvement but whose rigidity sometimes blocks any possibility of radical innovation (Lecossier et al. 2018). As a result, mature companies need to redesign their innovation process to protect truly innovative ideas as they mature. A survey by the Product Development and Management Association reveals that 24% of companies with a true innovation methodology manage to bring one out of every four generated ideas to fruition, while 76% of companies with fewer tools bring only one out of every nine to fruition.




[image: A photograph of a child drawing in a chart.]

Figure 1.1. It is essential to train in methods to improve the innovation process, to protect ideas, to have a dedicated place and to train teams in ideation methods. For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip








1.1.4. Equipping ourselves to innovate better


It is necessary to be equipped with new technologies to take advantage of recent advances in the field. The time it takes for a company to go from idea to concept is the key factor. The revolution that is taking place in the world of immersive technologies is a tremendous opportunity to accelerate innovation. Today, immersive tools for innovation are emerging. It is now a question of seizing them and conceiving the uses that will allow us to make the most of them to innovate.


In many companies, innovation processes are clearly defined and standardized, with sequenced phases, from idea gathering to transfer to development and then production units.




Virtual technologies, which are now mature, can provide a decisive advantage in accelerating the processes put in place, by equipping specific phases of this process. Thus, virtual and augmented reality, while it has already proven its benefit for product design, can be used from the creative phases and integrated into the digital chain to facilitate the production of intermediate representations, whether virtual or physical, as in the case of three-dimensional (3D) printing.


To support innovation, these technologies must be embedded in an organization. They must be introduced in a timely and appropriate manner in terms of management. They will be employed by users who will rely on them to be more creative. These technologies must therefore also be compatible with the cognitive characteristics of the users to encourage their creativity.


The purpose of this book is not to describe in detail what immersive technologies are. Our position as researchers in a laboratory specialized in innovation and immersive technologies leads us to support companies in their digital transition and to help them optimize their innovation processes. We show our support (e.g. in our creativity workshops) with virtual reality technologies, notably thanks to the immersive applications developed in our laboratory. We are convinced (and we have a lot of scientific proof) that this way of doing innovation constitutes a considerable gain in efficiency and will progressively impose itself in companies that have the desire to innovate. The objective of this book is to provide elements concerning the uses of these technologies for innovation. The research works that are called upon are therefore often at the frontier of, or totally within, the human sciences, but also from the design sciences. An individual alone is not innovative. At best, an individual can be creative. It is the conjunction of the creativity of a whole multidisciplinary team that leads to innovation. Innovation management consists of creating an organizational, human and possibly technological environment that is as favorable as possible to innovation.








1.1.5. Modeling innovation at the company level


Numerous models exist which outline the innovation process, that is, the stages located before the industrialization of a product, which we will call the upstream phases of design. Several of these models take the form of a funnel, wide on the left and thin on the right, to graphically represent a large number of ideas at the beginning and successive selection stages as concepts are developed. This is the case, for example, with the innovation funnel model or the innovation pipeline. Innovation opportunities are generated from the company’s strategy, prospective analyses, market studies, or the company’s existing or future know-how. Then, the ideas are refined, filtered, merged, to disappear or evolve into a more complete form, the concept. The concepts are then transformed and developed according to the feasibility constraints to be industrialized and then become marketable products.


Bouchard et al. (2006) have modeled product design in the context of work on innovation in the automotive sector. This approach concerns a process in which the designer’s creativity will potentially concern innovative uses or functions, but also esthetic choices. This innovation process is composed of three main successive steps: inspiration, generation and embodiment. Inspiration corresponds to the exploration process which consists of gathering data concerning the context of the future product in order to converge on first guidelines. This can take the form of a moodboard that will be used to inspire the designers during the following stages. The second step, generation, is a divergence phase during which the designer will create representations of the product through sketches. Finally, embodiment consists of converging, that is, selecting the best concepts, refining them until they are finally put into production.










1.2. The blue ocean strategy


The traditional approach is to face a known market in which companies compete violently for market share against each other on a roughly constant demand. This is the red ocean strategy. The ocean is red with the blood generated by this violence. It is also red with the color of the companies’ accounts. In this red ocean, decisions are made based on the competition. The advantage is that you know the market; you know it exists and you know its main characteristics. So it is a question of exploiting the existing demand, of beating the competitors, either by obtaining a better quality-price ratio or by differentiating oneself.


The blue ocean strategy described in the book Blue Ocean Strategy (Mauborgne and Kim 2007) is about moving away from an obsession with confrontation and instead seeking to create virgin markets. It is about creating trends rather than adapting to established trends. In the blue ocean, the company is not caught in competitive wars because it is the only one there. The new market does not necessarily require a technological innovation; it can be a service innovation as long as it creates value for both the company and the buyer. These innovations that create both profitability for the company and usefulness for the customer are called “useful” innovations. The blue oceans are therefore made up of all the activities in which there is not yet a competitive confrontation because they have not yet been developed, or because only one player has positioned itself there. In the blue oceans, there are many opportunities for strong and rapid growth. Logically, each blue ocean discovered by an innovative company ends up becoming a red ocean because of the arrival of competitors with an imitation strategy.


The creation of a blue ocean market should not be confused with technological innovation. Technological innovation is certainly a factor in the development of markets, but it is not necessarily the central determinant of the appearance of a new market. It is easy to find many examples of companies that have created new markets without technological innovation being the driving force:




	– Starbucks, for example, corresponds only to a new use;


	– Uber is technologically only a mobile application.





Conversely, a truly technologically innovative product may not open up a new market if it is not acceptable, useful, fun or easy to use. Google Glasses1 were probably not a bad idea in themselves, but the technological ecosystem may not have been mature enough and there were some issues that made them unacceptable (discreet video recording, for example).


The companies that manage to go into a blue ocean are those that are successful in creating value by innovating. This value creation can come from a simplification of something that already exists, from a gain in time, productivity, pleasure, meaning, etc. In any case, technological innovation is only one way to open a market.


The blue ocean strategy should not be confused with differentiation. Differentiation consists mainly of making trade-offs on cost and service. Overall, it is about doing the same thing as a competitor, but cheaper or more high-end. Of course, when we create a low-cost equivalent of a product, we enlarge the potential customer base. However, if we have an effect on the market, we cannot say that we are really opening a new market in this case. Creating a new market is not about making a trade-off between quality and cost. It is not about being different from others, but about doing better. The limitation of this strategy is that even when a company manages to find a blue ocean, the advantage it gains is only temporary because other companies will quickly come along to take market share. In a way, the company that opened the market is the one that took all the risks, while those that follow have the ground already cleared in front of them.






1.3. Open innovation


Open innovation is an innovation management technique theorized in the early 2000s by Henry Chesbrough, a research professor at the University of Berkley. He did not invent this approach, but grouped under the name “open innovation” practices that he saw emerging in more and more companies. This is a mode of organization in which people outside the R&D department and possibly outside the company take part directly in the innovation process. This type of approach can be in tension with the widespread culture of secrecy in the field of innovation, since each company wants to avoid its competitors being able to anticipate or copy the innovations it is going to produce. Practicing open innovation therefore requires dealing with intellectual property issues upstream and with rigor.




1.3.1. The two types of open innovation


We classically identify two main categories of open innovation: inside-out and outside-in (Chesbrough 2003). Inside-out open innovation starts with a desire to apply a company’s technology to other markets in order to increase the return on investment or to anticipate a change in the market. For a large company, it is a matter of putting in place a small team to develop an area that does not fit into the global strategy. Extracting a team through a business creation allows us to benefit from the agility of a small company to find a new market. The best known example of inside-out is Adobe, which came about from a team from the Xerox research institute.


Outside-in open innovation is mobilized in cases where the company has a specific need for a skill or expertise that it does not possess internally. This may concern, for example, the desire to understand the opportunities and risks associated with the emergence of a new technology on the market. Typically, companies in sectors such as retail or insurance have seen the emergence of artificial intelligence for several years, and feel that this is likely to disrupt their business, constituting both a risk and an opportunity. In this case, they will look for external resources to innovate in this direction, because internal R&D is not specialized in this type of technology and will not be able to identify the opportunities. It can also concern the need to solve a technological or scientific problem for which the company does not have the internal expertise. In this case, open innovation is a way for the company to find external resources. This can take the form, for example, of numerous innovation competitions aimed at start-ups or hackathons in which groups of students must propose solutions to a problem encountered by the company.




In some cases, outside-in open innovation is not about generating ideas from expertise, but rather about having ideas selected by the community. For example, a company looking to quickly renew its product line can gather the community’s opinion to prioritize the products to be developed while being sure that they will meet consumer expectations.






1.3.2. The example of the MayAM challenge


For many years, our laboratory has organized the MayAM (for “Mayenne-Arts et Métiers”) open innovation challenge with groups of students from the Institut des Arts et Métiers de Laval specialized in immersive technologies. Each group of students is assigned an industrial company wishing to seize opportunities related to virtual and augmented reality technologies. They must then work for a week to imagine an innovative project for the company. The participating companies are part of an outside-in open innovation approach in the sense that they do not have the internal expertise to identify the risks and opportunities related to these technologies. Therefore, through MayAM, they must find an external resource that will do this work for them. The next logical step in this process is to integrate an expert resource, often through an intern, or a support service provided by the laboratory or a company.






1.3.3. Collaborative innovation


The organization of companies in silos often leads to a very low circulation of ideas. Also, beyond the exploitation of external resources, many companies under-exploit internal expertise. This is a form of open innovation, but rather thought at the level of a department, which we call collaborative innovation and which consists of making the circulation of ideas throughout the company more fluid by mobilizing the expertise of other departments.








1.3.4. Crowdsourcing


Crowdsourcing is one of the classic tools of outside-in open innovation. The significant development of crowdsourcing in recent years is due to the rise of social networks that make it possible to create and manage communities around specific topics (Whitla 2009). The crowdsourcing process has been described by Trompette et al. (2008) as follows: the organization identifies an activity that it does not want to perform internally. Rather than outsource it in the traditional way, that is, have it performed by a service provider, the company chooses to crowdsource. In this case, it posts the specifications on the Internet (on a platform or on its own Website) and sets the terms of participation (schedule, remuneration, etc.). This allows a large number of individuals to work on the activity. The company then validates the contribution of each person, according to the specifications established in advance, and allocates the expected rewards.






1.3.5. The lead user


The lead user concept was developed by Von Hippel, an economist at the MIT Sloan School of Management. To understand who the lead users are, we need to go back to the mechanics of innovation diffusion described by Everett Roger. According to this approach, we consider that when a product is launched, we will first have a few users called “innovators” who are few in number, but interested enough in innovations that they are very easy to convince to buy an innovative product. Then come the “early adopters”, who are a little more numerous and a little more resistant, although they are very interested in innovation, and so on, with the early majority, the late majority and finally the late adopters, who are only likely to be interested in an innovation when it is very widely diffused and established in society. In Von Hippel’s conception, the lead users are the few individuals who are even further upstream than the innovators described by Everett Roger, that is even before the commercial release of the product.




Lead users have two important characteristics:




	– they are ahead of the major trends in the evolution of uses and they recognize the needs before the others;


	– they have an advantage and skills that lead them to innovate by themselves by developing the solution to their need.





Thus, lead users use prototypes to satisfy their needs before a commercial product can do so. In this sense, they are considered sources of innovation.


In theory, one might think that it is very easy to create radical innovations and always be one step ahead of the market by integrating lead users into the innovation process. In practice, we only know for sure that someone was ahead of the curve later on. Survivor syndrome, which is very common in the world of innovation, comes into play, giving us the opportunity to see the success of genius visionaries who “feel” the future and the evolutions to come. After the fact, it is safe to say that the founder of Oculus is a lead user and that the purchase of his company by Facebook to integrate it into its strategy is an illustrative success. It is a success, but let us not forget that it is because it was a success that this case is famous. In any case, lead users are often opinion leaders in their field because of their very strong expertise.


To identify lead users in a given field of activity, Von Hippel described a method called “pyramid”. It involves asking experts who they think are the best experts in the field, then going to them and asking the same question, and so on until you have a workable list of five or six names of people to interview who will be at the top. You have potentially got your hands on some lead users in your field! The next step is to analyze the usage of these few specialists and identify the types of technologies they use to meet the needs you want to address. If their usage leads you to other areas of expertise, you can then repeat the process of identifying lead users in these other areas of expertise.








1.4. Technical and human issues from ideation to design


The innovation process not only is based on methods but also relies on tools that can vary according to the type of project, its progress or the habits of the company.


Technology is the natural partner of the designer, especially when it comes to representing previously identified concepts. Indeed, most of the time, the digital representation tools are not mobilized during the ideation. The generation of ideas is classically carried out in textual form on Post-it notes or a paperboard, in the form of sketches, or by creating physical models with materials that are malleable or can be assembled such as modeling clay, cardboard or Lego (Dorta 2004). Computer-based 3D tools are usually reserved for later stages. In the design process, they are actually used to represent ideas that have already been selected and developed.




1.4.1. The sketch as a reflective process


After the very first phases of divergent ideation, the designer will use two types of “conversation”: a conversation with self and a conversation with co-designers and clients. Both types of conversation will require both visual representations and fluidity in the execution of the representation of the designer’s ideas.


The designer’s conversation with self refers to what Dorta (2004) calls reflection-in-action, which could be called a “reflective” conversation. In this process, the designer externalizes mental images, represents and represents again, producing new discoveries at each iteration that will lead to new ideas. They need external representations that are rather imprecise, focused on the important concepts, in order to interact with their own mental representations. They will be in continuous interaction with their representations to make design decisions (Visser 2006). The process thus consists of alternating actions and judgments. The designer’s actions can produce unexpected results; the feedback is likely to suggest concepts. Tools that encourage spontaneity, that is, natural gestures and letting go, are the most likely to generate feedback and will then tend to stimulate reflection, reflective conversation, and thus improve ideation (Schön 1983). An external representation constructed in a design process is considered to be a cognitive artifact of designing (Visser 2006) in the sense that this artifact contains knowledge, or at least information that is intended to be re-mobilized by the designer or their partners. When the designer does not have the experience to mentally visualize and solve design problems, or when the problem is too complex, these cognitive artifacts are essential to the ideation process.






1.4.2. Types of representation


Reflective conversation will generally be more important in the early stages of design. Goel (1995) describes the design process as an evolution of different types of representations. For each stage, a particular type of representation is used for specific tasks. During the ideation stage, a first type of representation consisting of freehand sketches or physical models is mobilized to externalize and visualize design intentions or to communicate them with others. These first representations are what Goldschmidt (1992) calls idea-sketches. Later in the process, presentation sketches appear, in the form of digital 3D models, drawings or images, to improve communicating asynchronously with colleagues and clients about the proposals. At the end of the process appear the representations composed of detailed technical drawings and rapid prototyping models to communicate the exact and definitive information to build the product. During these three successive steps, the representations are likely to be mobilized during synchronous, but especially asynchronous collaborations with other designers or customers. For example, team ideation requires cognitive artifacts adapted to different visualization capacities, and these artifacts must also be manipulated in an intuitive way.


The design process is based on the creation of different forms of representations (Goel 1995). It is an iterative process in which designers propose and analyze forms to achieve identified functions. The generation of these forms depends on the designers’ abilities to create internal, mental and external visualizations (Cross and Roy 1989). Drawing is thus a key function of design, and the role of this activity evolves throughout the process. Drawing allows the designer to transform ideas into concepts, thus conceptualizing (Cross and Roy 1989; Ullman et al. 1990), to make these concepts communicable, and then to specify technical details (Bertoline 1999). Sketching allows designers to change their level of abstraction, expand their short-term memory to facilitate problem solving (Ullman 2003) and improve their exploration processes that are essential to understanding (Cross 1999).


The traditional engineering approach is to consider the drawing on paper as a draft that will be followed by work on a Computer-Aided Design (CAD) tool. However, there are certain restrictions imposed by CAD tools that, in the early stages of design, will hinder creativity, especially by generating fixation. The importance of sketching as a means of supporting visual reasoning was first highlighted in 1980 by McKim, who spoke of idea-sketching. Indeed, the designer’s conceptualization activity is limited, in particular, by his or her memory capacities. On average, short-term memory is limited to seven chunks of information (Miller 1956). In the case of the design of a technical object, a chunk corresponds to a characteristic of the product. Technical experts in this product category are then able to put more information in each chunk than novices (Ullman 2003). The quick sketch, the idea-sketch, is a way to externalize these chunks, making these sketches an extension of short-term memory. Thus, improving sketching skills, or improving the sketching tool, will help to store more information through these visualizations and will thus reduce the duration of the ideation phase.






1.4.3. Conditions for the effectiveness of sketches


Sketches in a design project, to be effective, must possess a number of characteristics identified by Buxton (2007):




	– quick to achieve, so as not to interfere with the creative process;


	– done at the right time, sketches are useful when a designer needs to externalize a mental representation, for a reflective conversation, or to communicate their ideas, preferably in the upstream phases of design;


	– inexpensive, because it is a matter of allowing for mistakes, corrections, changes of ideas, adjustments;


	– disposable, the investment in a sketch is the concept and not the sketch itself (normally, several sketches are made quickly and all of them are kept, which implies that one should never find a sketch by itself);


	– understandable, because the communicability of the idea depends on it;


	– characterized by the freedom of the gesture, neither tightened nor too precise;


	– minimalist, only what is important to the concept, because technical details are distractors that tend to interfere with the ideation work (Rodgers et al. 2000);


	– with the appropriate degree of development; the sketch’s degree of development should match the idea’s degree of development so that designers are not fixated on details of the idea rather than its central features;


	– suggesting rather than telling, because the sketch is not the technical specification document that appears much later in CAD; suggesting leaves the user of the sketch a share of deductions to make, which may be conducive to finding solutions;


	– intentionally ambiguous, as one should not, in seeking to represent a specific concept on an object, fix all of the other characteristics of that object. It is better to remain ambiguous about those features of the object that are not central to this sketch (Tseng and Ball 2011).









1.4.4. The phases of ideation


Dorta’s (2004) and Goldschmidt’s (1992) work highlights two main phases in ideation, corresponding to different constraints: the reflection-in-action phase, during which the designer needs tools that allow him or her to represent his or her ideas quickly and with natural gestures, even if this leads to a very imprecise result. For this purpose, the traditional tools used are paper and pencils, whether in the form of Post-it notes, flip charts or notepads. As we will detail later, virtual reality tools such as Time2Sketch are particularly well suited to this phase since they allow freehand 3D drawings to be made quickly and easily in the appropriate virtual environment. The second phase concerns the asynchronous collaboration, and implies that the designer realizes one or several “presentation sketches”, that is, more precise and communicable representations of their ideas. This phase is usually done with CAD software. However, among virtual reality tools, software such as Time2Teach – enabling 3D animations to be created quickly using integrating flows – and Time2Craft – a virtual reality CAD module – enable this design step to be accelerated.




[image: Schematic illustration of the model of the upstream phase of design.]

Figure 1.2. Model of the upstream phase of design based on Dorta’s (2004) phases and Goldschmidt’s (1992) categories of sketches. For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip








1.4.5. The right tools at the right time


Robertson and Radcliffe (2009) have highlighted risks associated with using CAD software too early in the design process. It will tend to circumscribe thinking, create early fixation or “bounded” ideation. With CAD software, the designer does not want to back out of an idea because it involves relatively heavy technical actions. In other words, CAD can become an “innovation killer” if it is used too early and designers must be trained in terms of method to avoid this risk.




[image: Schematic illustration of virtual reality tool for quickly and simply creating video animations, 3D or virtual environments.]

Figure 1.3. Time2Teach: virtual reality tool for quickly and simply creating video animations, 3D or virtual environments to illustrate, for example, a mechanical operation, and also to create visual representations of flows (here, for example, air flows). For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip




It is commonly accepted and widely demonstrated that drawing by hand, with or without digital media, is more conducive to the discovery of new concepts than working with a keyboard and mouse (see, for example, Ibrahim and Rahimian 2010; Jackson and Keefe 2016). In our team, we conducted a large study that investigated both the creativity associated with different sketching tools and the communicability of the ideas generated by these tools, that is, their ability to be understood by partners (Mille et al. 2020). In this study, participants were asked to imagine improvements to be made to an umbrella so that it would also be useful when it was not raining. They had to imagine and draw as many ideas as possible that met this instruction in 15 minutes. They did this with each of the following four tools: paper/pencil, Time2Sketch, Google Blocks and SolidWork. The results indicate that participants generate on average more ideas when using paper/pencil or Time2Sketch than when using Google Blocks or SolidWork. In other words, they generate more ideas when the tool allows them to sketch freehand, in order to respect the natural gesture. On the other hand, Time2Sketch outperforms the other three conditions in terms of user experience, presumably because it combines the stimulating side of virtual reality with freehand use.






1.4.6. A growing variety of tools


Digital sketching is now a common practice to generate and communicate ideas during the ideation process. Devices on computers or smartphones create these types of sketches.




1.4.6.6. Table, touch pad and pen


Users can draw naturally as if they were using paper and pencil, reducing the time to create the sketch. The collaborative aspect is possible on touchscreen tablets where the screen is shared across multiple tablets (Pelland et al. 2019). Touchscreen tablets also allow for multi-user operation simultaneously, but directly on the same hardware. This opens up opportunities for users to replace the features of their pen with those of another medium, such as a paintbrush.






1.4.6.6. Augmented reality on smartphones and tablets


Augmented reality on smartphones and tablets is classically used to visualize an object in its future real environment, or to visualize transformations or information embedded on a real object.




[image: A photograph of an example of a collaborative work situation with augmented reality flow visualization.]

Figure 1.4. Example of a collaborative work situation with augmented reality flow visualization (created with the Time2Teach virtual reality tool) on a tangible air filter, using a Hololens headset and a tablet. For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip






There are also apps available to create 3D sketches directly on tablets and smartphones. Combining 3D sketches with augmented reality can be a simple, inexpensive and effective solution for ideation (Pelland et al. 2019).






1.4.6.6. Virtual reality sketches


Virtual reality is used to create immersive models, in exterior or interior view, to present to project partners. It is possible to view a CAD model immersively, but there are also various programs that can create 3D models from virtual reality equipment. Generating concepts in 3D could be ideal for reducing the time until reaching the engineering process (Pelland et al. 2019). Gravity Sketch is one software package for users to work on 3D sketches. Time2Sketch is another example of software, developed by our team, that allows for multi-user sketch creation, among other things.






1.4.6.6. Model generation by artificial intelligence


Evolutionary algorithms are usually used to solve software engineering problems. Due to the success of these artificial intelligences, engineers have developed machine learning to calculate an ideal design for a problem with multiple variables. These machine-made digital designs are called “Generative Models”. If these models are not yet able to provide satisfactory final designs, they can on the other hand propose automatic deformations on existing models in order to lead the designer to explore shapes that he or she would not necessarily have considered alone. This process requires significant computing power, and many hours of processing. Despite this, the generated models have an obvious potential for the future of design.








	1 Augmented reality glasses project, which was abandoned in 2015.
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Creativity and Cognition: Factors and Biases of Mental Processes Involved in Creative Activities


Creativity is intelligence having fun. 
ALBERT EINSTEIN




2.1. The creativity process




2.1.1 The Wallas model (1926)


While creativity has long been considered as a mystical phenomenon, taking different forms according to the times and culture, it has been studied for several decades as an intellectual process. Wallas (1926) was the first to formalize the creativity process.


The first step is preparation. It consists of analyzing the problem, collecting information and building knowledge about the problem. This stage is carried out consciously. The second step is incubation. The individual may be consciously working on the problem, or may have moved on to something else. However, incubation refers to the fact that consciously or unconsciously, the brain is still working on the problem by associating ideas. The third stage is illumination. This refers to the fact that suddenly a suitable idea comes to the individual’s consciousness. It may emerge spontaneously from mental associations made unconsciously, or it may have been triggered by an external stimulus. The last step, verification, is conscious and deliberate, since it involves evaluating the validity of the idea in order to develop it. These four steps can take place in a linear way, but they can also go back and forth. For example, I may do several preparation/incubation loops before reaching illumination. Thus, the organization of projects should take into account the fact that creativity is a process that takes place over time. It is therefore important to present the problem to be solved early enough to allow time for incubation during other activities and not to pose a problem just before the deadline. The efficiency of each of the different stages can be modulated by the characteristics of the individuals, the organization, the methods and tools used or the location. For example, if the preparation stage requires concentration and therefore an absence of interference (noise, interruptions), the incubation stage of an idea is more effective when the level of cognitive load is at an intermediate level (Baird et al. 2012). This means that during the incubation phase, participants should perform a mental activity that requires a moderate level of concentration.




[image: Schematic illustration of the creativity process as a function of the corresponding level.]

Figure 2.1. Representation of the creativity process as a function of the corresponding level (Wallas 1926)








2.1.2. The GENEPLORE


Other models of creativity have emerged, highlighting different aspects of the process. The GENEPLORE model (contraction of “generate” and “explore”) describes the creative process as a succession of iterations between an idea generation activity and an exploration activity (see Figure 2.2; Finke et al. 1992).




[image: Schematic illustration of the GENEPLORE model.]

Figure 2.2. The GENEPLORE model (according to Finke et al. 1992)




The generation process consists of the creation of mental representations: the “pre-inventive structures”. It consists of generating ideas by making analogies, mental associations and by searching for knowledge related to the problem to be solved. During the exploration process, the pre-inventive structures are evaluated in relation to the problem. This evaluation leads to concept modifications, and so on, until an adequate concept is obtained to answer the problem. Idea generation and exploration are both performed within the constraints of the problem.








2.1.3. Analogies


Several authors have also highlighted the importance of analogies in solving creative problems. When the individual is faced with a new problem, he or she will look for a similar problem in his or her memory in order to work on it and then transfer the solutions to the initial problem. Thus, the individual’s experience, and therefore the fact that he or she has comparable problems in his or her memory, is of great importance in facilitating the emergence of creative solutions. This facilitation also requires the ability to make the two problems sufficiently abstract to extract the relevant similarities and make the transfers. It is then a matter of creating a common schema for the two situations, which we call the “problem schema” (Holyoak 1985), with a higher level of abstraction and generality than the representations of the two problems taken individually. This process of analogy making is based on three steps (Holyoak 1985):




	– recovery, memory search and selection of a relevant analogy for the solution to the problem;


	– projection, the linking of mental representations of the target situation and the situation selected for the analogy;


	– transfer, the construction of a solution to the target problem based on the solution identified in the analogous situation.





Creative thinking is the ability to find original solutions to a problem. It is not a question of solving a problem by finding a logical solution, but of finding a solution by association, by analogy. It is not a question of providing a ready-made answer previously learned, nor of “calculating” the relevant solution, but of searching for analogous problems in order to extract knowledge and rules transferable to the target problem. This process of analogy is at the heart of the creative problem-solving activity.


Casakin (2004) distinguishes different categorizations of analogies. First, analogies can be surface or structural. Surface analogies correspond to superficial or easily accessible concepts. They are assumed to be easy to generate under normal circumstances. Structural analogies involve a higher level of relationships based on deeper properties of a known situation.


Analogies can also be intra or inter-domain. Intra-domain analogies refer to cases in which the target situation and the known situation belong to similar domains. This facilitates the analogical process and leads rather to surface similarities. Inter-domain analogies, on the other hand, refer to cases in which the target situation and the known situation belong to very different domains of knowledge. Their links then correspond to structural analogies.


For example, say the problem situation I need to solve is that school children’s backpacks are heavy and this causes health problems. An intra-domain analogy might be to relate this to the fact that tents were heavy for hikers/campers to carry and this was detrimental to the hiking activity. To solve this problem, designers developed different tents based on lighter materials and designed to have less structural materials. If we transfer this solution to the backpack, it implies rethinking the structure of the bag in order to reduce the amount of the heaviest materials and to choose lighter materials. Another possible transfer is to lighten the contents of the bag, replacing books with a digital reader for example. In the first case, the analogy is a surface one since the same solution is applied very directly, whereas in the second case, it is a slightly deeper analogy since we go from “choosing lighter materials” to “replacing books with a digital device”. Another intra-domain analogy might be to consider the situation in which the schoolboy walks his large dog, but without difficulty despite its weight: he does not need to carry the dog because it has been trained to follow its young master. The transfer, depending on the depth of the analogy, would correspond, for example, to imagining a moving drone trained to follow the child. An inter-domain analogy could be made with some computer models whose weight and size decrease while the number of their functions and possibilities continues to increase due to the fact that, with the Internet, they can access content in great quantity, and also have remote computing power. A transfer here would be to consider that if the child works online with a machine at home and another at school, he does not need to carry anything anymore.










2.2. The factors of individual creativity
 



2.2.1 The individual creativity model


The creativity process described by Amabile (1988) is both stepwise and iterative. The stages are the presentation of the task, the preparation (collection of information), the generation of ideas, the validation with regard to the criteria of the task and the evaluation of the results leading either to a new cycle or to the end of the process. However, Amabile’s work has two specific features: the linking of determining factors for the different stages and the linking of these factors with organizational components.


The links between the identified factors and the stages of the process are shown in Figure 2.3. The first step, the presentation of the task, is related to the individual’s intrinsic motivation. This is explained by the fact that, generally, the cases in which intrinsic motivation is strong are also those in which the presentation of the problem will be done by the individual himself or herself. Conversely, when the problem is presented by an external source, it often means that the problem does not directly concern or preoccupy the individual who is then at a lower level of intrinsic motivation. The preparation stage consists of activating or acquiring the knowledge that is useful for answering the problem posed. This can include the knowledge of algorithms to answer the type of problem posed. A low level of knowledge in this case will oblige the individual to spend a lot of time learning the necessary notions. Conversely, a good level of knowledge implies a saving of time for this stage. Amabile (1988) points out that too much knowledge in this context cannot be negative in itself, but that too many algorithms in memory, in the sense of memorized procedures to answer given problems, can have a negative influence on the preparation phase. The idea generation stage and in particular the originality of the generated ideas will be influenced by the intrinsic motivation as well as by the creative thinking skills. The validation of ideas with respect to the criteria of the task is based on the skills in the task domain.






[image: Schematic illustration of the model of individual creativity.]

Figure 2.3. Model of individual creativity (inspired by Amabile 1988)








2.2.2. Investment theory


According to the investment theory (Sternberg 2006), creativity requires the conjunction of six different types of resources: intelligence, knowledge, cognitive styles, personality, motivation and environment.


Intelligence in this context actually refers to three specific intellectual abilities: the ability to summarize problems and redefine them in an original way, the analytical ability to recognize an interesting idea among a set of ideas, and the ability to know how to persuade other people of the value of an idea. Sternberg (2006) states that these three skills must be present together to be effective. For example, strong analytical ability alone leads to critical thinking, but not necessarily to creative thinking.


A certain level of knowledge about the field in question is essential for creativity. One cannot imagine making progress in a field that one is totally ignorant of. On the other hand, in some cases, expertise can lead one to remain fixed on a technical vision of the problem which can prevent disruptive ideas from emerging. The novice who is not encumbered by detailed knowledge of the field can bring a “fresh look” without being disturbed by departing from the standards.




Cognitive styles refer to the way in which the individual’s abilities are preferentially used. Overall, the “legislative” cognitive style, that is, the tendency to prefer to create one’s own rules, is more conducive to creativity than other cognitive styles, such as the “executive” style, i.e. the tendency to prefer to follow already established rules. It is important to differentiate between cognitive styles, which are preferences in terms of functioning, and skills.


Certain personality traits are positively correlated with creativity, such as openness to novelty, perseverance and risk-taking. Stenberg (2006) underlines that, globally, the personality profile that is conducive to creativity is the individual who will “buy low and sell high”, that is, who will easily take risks, even against the opinions of the majority.


Motivation leads the individual to maintain his or her attention focused on the task. Intrinsic motivation is particularly identified as essential to creativity (Amabile 1983).


The environment can be more or less favorable to creativity, whether it is physical, technical or social.


In some cases, too low a level on one of the six factors can be a very significant obstacle, even blocking creativity. For example, a low level of knowledge can prevent creative activity. In other cases, there may be a form of compensation between different factors, such as motivation, which may counterbalance a personality that is not very conducive to creativity.








2.3. Creativity and personality


Human personality has been studied for decades by psychology. In the sense of this discipline, the notion of personality refers to what underlies the relative stability of individuals’ behavior, thoughts and emotions (Funder 2001). Classically, a distinction is made between temperament, which is the innate component of personality, and character, which is the component acquired through socialization experiences. Personality has an influence not only on the behaviors, but also on the thoughts and affects (moods and emotions) of individuals.




2.3.1. The Myers Briggs Type Indicator


Scientific descriptions of personality variability first existed in the form of categorical models, before the appearance of dimensional models. Categorical models consider that there are a number of personality types (categories) into which the population falls. The advantage of categorical approaches of this type is that they allow us to clearly qualify individuals so that we can eventually use this information in the way we conduct creativity workshops.


The famous Myers Briggs Type Indicator (MBTI; Myers et al. 1985) is widely used in management training. The logic of the test is to position individuals in one of the two boxes of each of the four evaluation points: orientation (introverted or extroverted), perception (intuitive or sensory), judgment (thinking or feeling) and style (perceptive or judgmental). This leads to 16 possible combinations that constitute as many personality types. The validity of the test is questionable in some respects, but it does show a certain consistency in relation to professional activities, since it is known, for example, that engineers tend to be over-represented in the “sensory”, “thinking” and “judgmental” profiles (Durling et al. 1996).


In a particularly rich study by Choo et al. (2014), participants were assessed using the MBTI. Then, they were led to perform ideation sessions using the following methods of classic brainstorming, the 635 method, C-Sketch and all in individual and group settings. It was found that the C-Sketch method was particularly effective for introverts, which is understandable since this method leads participants to work individually without being allowed to speak. This not only makes introverts feel more comfortable, but also makes them perform better. Moreover, the “sensory” participants performed better than the “intuitive” ones, suggesting that the C-Sketch process of iterative evaluation of ideas is comparable to a form of experimentation. Conversely, overall, extroverted participants tended to be better at group activities. In the same study, the authors performed the same type of analysis based on the evaluation of each participant’s preferred hat in the 6-hat method. For reasons specific to the statistical analyses performed, the analysis focused only on the comparison of participants preferring the yellow hat (positive, constructive and optimistic) and those preferring the blue hat (organizing and facilitating). The results suggest that blue hats are more likely to be introverts and yellow hats more likely to be extroverts. Indeed, blue hats are better at C-Sketch while yellow hats are much better at group activities such as brainstorming or mind-mapping.






2.3.2. The Big Five


Dimensional models, instead of putting individuals into categories, consider that there are a number of personality traits on which each individual is at a higher or lower level. Thus, the description of a given individual is more complicated because it is not limited to a category, but to a level on a set of dimensions called “personality traits”. We make the difference between a trait that refers to a tendency to have a given type of feeling often and the state that corresponds to the feeling at a given moment. For example, “trait” anxiety is the tendency to be anxious often, whereas “state” anxiety means that the individual is currently anxious.


Among the many dimensional models of personality, the one that currently has the most consensus is the “Big Five”, also called “O.C.E.A.N”, in reference to the first letter of each of the five factors:




	– openness to experience (tolerance and exploration of the unfamiliar);


	– conscientiousness (degree of organization, perseverance and motivation in goal-directed behavior. Differentiates meticulous, dependable people from sloppy, careless people);


	– extraversion (amount and intensity of personal interaction, activity level, need for stimulation and ability to be happy);


	– agreeableness (quality of interpersonal orientation along a continuum from compassionate to conflicting in thoughts, feelings and actions);


	– neuroticism (stability vs. emotional instability).





Contrary to popular belief, the variability of personalities in a group is negatively correlated with the effectiveness of that group in an ideation workshop. Simply put, the more similar the personalities in a brainstorming group are, the better their performance (Halfhill et al. 2005). This result can be explained by the fact that the most homogeneous groups will see less conflict appearing, which is harmful to the activity. This explanation refers to the notion of “personality clash” (Vaccaro 1988), that is, the idea that the probability of conflicts is proportional to the differences between personalities. Thus, when composing groups or subgroups for creative exercises, it is preferable to compose these groups in such a way as to put together individuals who are similar.






2.3.3. Constituting a group for ideation


There is an optimal pattern of personalities in a group for achieving best performance on creative tasks. This pattern corresponds to moderate levels of extraversion, high levels of openness to experience and high levels of conscientiousness (Buchanan 1998). Chamorro-Premuzic and Reichenbacher (2008) conducted the same type of measurement, but with separate assessments for divergent and convergent thinking. They observe that openness to experience and extraversion are positively correlated with divergent thinking performance. They also find that anxiety proneness (neuroticism) is negatively correlated with divergent thinking performance, especially when the environment puts pressure on participants. This last point highlights the importance of creating a safe and relaxing environment and program of activities to create the right climate for divergent creativity, especially if some participants have a tendency to anxiety. Finally, the authors did not identify a significant relationship between personality and convergent thinking performance.




Thus, taking personality into account in the way creativity workshops are designed will involve not only forming rather homogeneous groups to reduce the likelihood of conflict, but also by favoring profiles that are open to experience and extraverted for divergence, while creating a benevolent and reassuring climate if possible. Loud group activities can be used if the group as a whole is composed of extraverts. Most of the time, activities that alternate between individual reflection and sharing of results are preferred as they allow introverts to express themselves.








2.4. The factors of organizational creativity


Individual creativity is the most crucial element in an organization dedicated to innovation, but it is not sufficient in itself. The organizational creativity modeled by Amabile (1988) is shown in Figure 2.4. In the stages of creativity, the influence of individual creativity will be exerted mainly on the idea generation stage. The definition of the project is directly influenced by the organization’s leaders and middle management’s motivation to innovate. In concrete terms, this translates into the existence of a place dedicated to innovation, an orientation toward risk-taking rather than maintaining the status quo, a form of pride in the team members and their abilities, and an offensive strategy to take the lead in the future rather than a defensive strategy to protect the organization’s position. The resources and skills of the domain have an impact on information gathering and idea generation. This refers to having, for example, people with technical knowledge in different departments of the organization to validate the feasibility of innovations or people with knowledge of markets. Innovation management skills refer to management styles that have been identified as being more effective in fostering organizational creativity, such as a good balance between constraint and freedom, collaborative and participative management, fair and generous recognition of creative efforts, and open communication, whether top-down, bottom-up or lateral.






[image: Schematic illustration of the model of organizational creativity.]

Figure 2.4. Model of organizational creativity (according to Amabile 1988)




Csikszentmihalyi (1999) has developed a model of creativity that describes it as being dependent on three elements (see Figure 2.5): the individual, the domain (the individual’s culture and knowledge) and the terrain (people with a role in the domain). The individual retrieves information from the domain, that is knowledge associated with the culture under consideration, and will process it according to their characteristics (motivations, background, etc.). From this, they will produce an invention, which will be evaluated by the field, that is, potential users, the industry likely to market the idea, etc. This evaluation may lead to a decision to create a new product. This evaluation can lead to a rejection, to a feedback that will stimulate the individual to improve the concept, or to an acceptance that means that the idea becomes an innovation, now part of the field, or even in some cases of the culture. Thus, the individual’s role in this system is to transform domain knowledge by passing through the filter of the field.




[image: Schematic illustration of systemic model of creativity.]

Figure 2.5. Systemic model of creativity (according to Csikszentmihalyi 1999)




The specificity of this vision is not the multifactorial character of creativity, but its systemic character. This means that the creative and motivated individual is only one link in the chain, an individual who will play an indispensable but insufficient role. In an organization designed for innovation, we need to ask ourselves how the field is characterized in concrete terms (the company’s expertise, the market’s knowledge, etc.) and what the field will be (the design office, a community of users, etc.) in order to ensure that each element of the system will be able to fulfill its role.








2.5. Cognitive biases and creativity


Cognitive biases are thinking mechanisms that lead the human brain to draw incorrect conclusions and thus make irrelevant decisions. In order to plan and conduct a creativity workshop, it is essential to understand these biases so that they do not interfere with the functioning of the individuals or the group or, even better, to use them to your advantage.


Figure 2.6 presents a set of cognitive biases that may interfere with the different stages of a creativity workshop. For this representation, we have considered that a creativity workshop was composed of a stage of inspiration or knowledge input on the subject of the workshop, idea generation, idea selection, elaboration/refinement of the chosen idea(s) and a debriefing stage concerning the workshop itself.




[image: Schematic illustration of cognitive biases identified for each step of a creativity workshop.]

Figure 2.6. Cognitive biases identified for each step of a creativity workshop






Pareidolia are perceptual biases that involve recognizing meaningful figures in random shapes, for example, in clouds or in landscapes. The ability to perceive pareidolia is correlated with divergent creativity performance (Diana et al. 2020). This phenomenon can be exploited through a rich setting conducive to pareidolia to inspire participants, or the search for pareidolia can be a fun and relevant creative warm-up exercise before a divergence phase. Confirmation bias is the tendency to seek out and interpret information in a way that confirms our representations and to ignore information that does not (Oswald and Grosjean 2004). The input of knowledge to participants in a creativity workshop is likely to be filtered and interpreted through this bias, which will impact the creative activity itself (Hallihan et al. 2012). This bias is a very present phenomenon in human functioning in general and will therefore actually be found in the different stages of the workshop. For example, if participants are asked to share their favorite ideas in the selection stage, they are likely to have their reasoning biased in ways that confirm their belief. There are several techniques for avoiding confirmation bias. When it is felt that a participant might be irrationally attached to an idea, for example, he or she can be asked to complete an exercise that involves explaining to the group why that idea is bad. In this way, the participant is forced to consider the negative arguments and cannot ignore them.


Anchoring bias is the tendency to focus on a given characteristic of the problem (often the first one indicated) to answer the problem, rather than taking into account all its aspects. This bias is likely to occur during the idea generation phase. To prevent this bias, it is preferable to prepare well the way the problem will be posed to the participants. One possibility is to structure the problem into several bullet points, giving equal visibility to each aspect of the problem, and to leave these bullet points visible in the room during the workshop.


The fixation bias is particularly well known and studied for its deleterious effects on idea generation. It is the tendency to always give the same type of answers in a brainstorming session (Kohn 2008). For example, if we ask individuals to name as many alternative uses for an umbrella as possible, there is a good chance that ideas, such as to provide shade, to shelter from the wind and a weapon, will appear, that is, ideas of the type “to protect oneself from something”; these are variations close to the umbrella’s original use, which is to protect from rain. Often, the domain in which the fixation takes place corresponds in fact to the most obvious ideas a priori. This effect can be reinforced because, when giving the instructions and posing the problem, one is led to give examples of ideas and to look for them among the most obvious ideas. In doing so, the participants are fixed and will tend to give only ideas that are close to the example that has been given. If it is necessary to give examples to make the exercise understandable, then it is better to choose very original examples that are far from the most obvious ideas. For the umbrella task, do not give the example of the parasol, which would accentuate the fixation, but rather indicate that the umbrella handle can be used to measure objects if it is graduated. In this way, it opens up perspectives directly to the participants by showing them that the umbrella is not necessarily used for protection, but that it can be used for many other things, and also that it is possible to add characteristics if necessary. We use a different technique to avoid fixation: we prepare cards in advance representing ideas from very different domains. When participants are generating ideas individually or in subgroups, and when we sense that some of them are running dry or in circles, we simply place a card in front of them representing an idea from a very different domain than what they have been exploring. Participants then become aware of this idea area and this immediately kick-starts the generation of ideas in this new area.


The selection of ideas will notably be influenced by the way in which the ideas and the details concerning them have been memorized. Thus, memorization biases are likely to have an influence on this specific stage. We know, for example, that we tend to remember better the items stated at the beginning (primacy effect) and at the end of a series (serial-position effect) because the former may have been easily stored in long-term memory, whereas the latter may have been kept in short-term memory (Lewandowsky and Murdock 1989). Similarly, an idea that is very different from others tends to be remembered better than similar ideas (isolation effect). Finally, humorous or bizarre ideas tend to be remembered better than more conventional ideas (Carlson 2011). Thus, ideas that are funny, strange, original, stated at the beginning or at the end are remembered better than others when these criteria are not relevant to the task. To mitigate the effect of these biases, it is preferable to begin the selection stage with a presentation of the set of ideas, in an order different from the one in which they were generated, going slowly enough so that each idea can be understood and remembered, and without pressing on the possible unusualness of some ideas.


The selection of ideas is also subject to a number of biases related to the various phenomena of social influence. Thus, participants tend to follow the choices of other participants when they have no real preference (Fleury et al. 2020a). This stems from what psychosociologists call the social evidence effect, that is, the fact that when we are presented with several choices, seeing that other people have made a given choice, gives us the impression that this choice would be better than the others. This bias is accentuated not only by the authority effect, which consists of copying the choices of individuals we consider competent on the subject, but also by authority in the sense of hierarchy (Keum and See 2017). In many situations, social proof and following authority can be considered relevant behavior. The problem in this case is that it will tend to exaggerate the impression of consensus and lead to participants eventually having to work on ideas that were not necessarily their favorites. A number of biases are also based broadly on a preference for what comes from one’s self or group and a distrust of what comes from others or other groups. Group attribution bias describes the tendency to think that the characteristics of one member of a group reflect the characteristics of the group as a whole. “Not Invented Here” consists of an aversion to what has not been invented by one’s own group (Antons and Piller 2015). Reactive devaluation is the tendency to devalue ideas that come from people presented as adversaries (Reitzig and Sorenson 2013). Relative to this point, there is a temptation to induce competition in idea generation to make it more playful and provide motivation, and this is likely to be effective in getting participants to generate more ideas. However, one should be careful with this practice as it may trigger reactive devaluation during the idea selection stage. Finally, the IKEA effect is the tendency to prefer what one has constructed oneself (Norton et al. 2012), that is, one’s own ideas in a creative workshop. These different social effects can be neutralized by making sure that participants do not see which person generated each idea. This also implies that when subgroups are conducted, participants should not have to select ideas generated by the different groups because they will be influenced by group effects. For example, they might only be able to choose from ideas in groups other than their own. Finally, the blind spot bias is the tendency to see oneself as less biased than other participants (Pronin and Kugler 2007). It is this bias that means that simply knowing about cognitive biases is not enough to negate them, as we tend to think that they do not apply to ourselves.


Idea selection is also subject to biases related to the familiarity of ideas. The law of the instrument refers to the tendency to overestimate familiar solutions to the detriment of alternative solutions. Thus, we will tend to select ideas that are close to our usual way of working at the expense of other approaches that might be more relevant. The effect of simple exposure is the tendency to have a positive attitude toward what we have been exposed to several times before. It is on this mechanism that parts of the effects of advertisements are based: once in the physical or virtual store, you have, “all things being equal”, a tendency to preferentially choose the products that seem the most familiar to you and therefore that you have seen in advertising before. Thus, if an individual has been exposed several times to certain ideas, he or she will tend to prefer them even though this criterion is not necessarily relevant to make them “good” ideas. This can refer, for example, to ideas that have been brought up many times in meetings or in the office and that come back during a creative workshop. Finally, when we have a choice between several solutions, we tend to select the one that is most similar to the default choice. To our knowledge, there is no solution that would truly neutralize these familiarity effects. At most, it is possible to limit these effects by using technological tools that will centralize the representations of the ideas so that the participants do not remain, during the workshop, exposed to certain ideas in particular.


Pro-innovation bias also tends to interfere with the selection stage. This is the tendency to be overly optimistic or prefer an idea simply because it is innovative, while overlooking its weaknesses and limitations. A company needs to innovate to survive and grow, to consolidate or expand its position. It is not about innovating for the sake of it, and innovativeness is an interesting criterion when studying creativity, but it is not specifically an indicator of quality from the company’s perspective. One solution may be to get participants to evaluate their ideas through criteria that include not only innovativeness, but also technical feasibility, cost, relevance to the need, acceptability, etc. This way, it is possible to highlight the fact that the innovative character is only one criterion among others.


Idea selection can also be biased by elegant slogan-like wording that can make it attractive because it “sounds good” compared to other ideas that may be better, but more difficult to explain. We know, for example, that we tend to give more credence to an aphorism if it rhymes than if it does not (McGlone and Tofighbakhsh 2000). So beware of shocking, impactful formulas. The use of criteria for evaluating ideas, as mentioned above, helps to mitigate the “slogan” effect by forcing us to evaluate ideas in an analytical way.


The elaboration stage is affected by the Dunning-Kruger effect. This refers to the tendency to overestimate one’s competence when one is incompetent, and conversely to underestimate one’s level of competence when one is at a high level of competence (Kruger and Dunning 1999; Dunning et al. 2003). In this stage of development, this effect can lead to poor consideration of technical feasibility constraints or cost or time estimates as the less competent may be led to impose themselves. One way of mitigating the consequences of the Dunning-Kruger effect is to lead the participants to argue and discuss the substance so that the estimates and choices are made in the most rational way possible. Another possibility is, when possible, to take advantage of the specialties of each person designated by their role in the company. In an organization, there are certain individuals identified as having this or that technical expertise and who can thus be designated formally or informally as a reference for this domain.


Specifically regarding estimates of work time to complete an idea (and thus estimates of costs and deadlines), participants tend to be subject to the spurious planning bias, that is, underestimating the time needed to complete a task (Sullivan 2018). This bias does not occur when estimating the time to complete a task by another person. Thus, to neutralize this bias, this activity should be facilitated in such a way that participants do not make self-estimates, but always make estimates based on their colleagues, or at the very least, challenge the self-estimate of the relevant colleague if he or she is present.


Finally, the end of the creativity workshops is usually followed by a debriefing on the course of the workshop, the methods used and the participants’ feelings. This gives the participants an opportunity to express their point of view directly “on the spot” so that the facilitator can discuss it, and it also allows the facilitator to have useful feedback to improve his or her future sessions. This feedback is subject to the so-called “peak and finish” bias. This refers to the fact that participants, when asked to evaluate the pleasantness of a sequence, tend to take into account only the peak of the experience (the most intense moment) and the end of the experience (Do et al. 2008). To take advantage of this effect and make workshops memorable, this bias should be taken into account in how the workshop program is designed and exercises are chosen. In particular, consider what will be the highlight of the workshop in terms of feeling: what will be the moment that is experienced as the most intense? This could be, for example, the presentation of an idea in the form of a skit, as this has a playful and stimulating dimension. It is also important to make sure that the workshop ends with an activity that will leave a positive impression on the participants. If the workshop ends with a tedious convergence exercise, such as filling in a template to specify the constraints of an idea, this may be very relevant in terms of the project’s content, but it will also harm the participants’ feelings about the workshop.








  
    





3
Physical and Virtual Environments and their Influence on Creativity


In every child there is an artist. The problem is how to remain an artist as you grow up.


PABLO PICASSO




3.1. Physical environment of creation


As we have seen in the previous chapters, creativity is multifactorial. In particular, we have seen that the good progress of the creative process stages depends not only on the characteristics of individuals, but also on the organizational characteristics of the company. The third major category of factors capable of influencing the creative process is the physical environment of the individuals engaged in the ideation process (Dul and Ceylan 2011).


The physical environmental support model aims to highlight the different elements of a physical work environment that are likely to have a significant influence on the creative process (see Figure 3.2). Functional support is supposed to limit distractions and also increase well-being, productivity and creativity. This refers to the ergonomic qualities of tools and furniture, the quality of lighting (with daylight if possible), the absence of distractions, adequate space and flexible furniture. Psychosocial support can improve well-being and reduce stress levels. This includes the management of private spaces in order to deal with possible interferences that could distract the participants, and also the presence of a window nearby or spaces dedicated to playful or relaxing activities. Finally, support in terms of inspiration corresponds to the idea that individuals can be inspired by the environment itself. This means stimulating, varied, flexible settings with interesting shapes and colors, different from traditional, corporate office settings.




[image: Schematic illustration of the types of influences exerted on the creative process and resulting in creative performance.]

Figure 3.1. Representation of the types of influences exerted on the creative process and resulting in creative performance (after Dul and Ceylan 2011)




The purpose of this section is to explore these different crucial points of the design of spaces for creativity in order to describe the main characteristics that the physical environment dedicated to creative workshops should include. To do this, we will first discuss design considerations, then the presence of plants, the choice of colors, lighting, sounds and temperatures and finally the types of postures to be favored.






[image: Schematic illustration of the �physical environmental support model�.]

Figure 3.2. Representation of the “physical environmental support model” (according to Hoff and Öberg 2015). For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip






3.1.1. Interference and stimulation


When thinking about the effects of the physical environment on creativity, it is important to distinguish between elements that are relevant to the task, such as photos that will be used as the basis for a focus group, and irrelevant stimuli (in the sense that they are not related to the task), such as a car passing by the window or people talking loudly in the corridor, which may also have an impact on creativity.


It has long been known, for example, that music with speech or even just people talking will interfere with the comprehension of a cognitive task, provided that the task has a verbal component (Martin et al. 1988). Ergonomists know that to capture someone’s attention, it is enough to make noise (Escera et al. 2003) or to create movement in the peripheral visual field (Johnston et al. 1990).




However, these external elements are not necessarily negative; they may even be beneficial. In some cases, external stimuli can trigger new thinking mechanisms for the proposal of new ideas (Jett and George 2003). A rich environment can also increase the quality of the ideas produced (Goldschmidt and Smolkov 2006). Conversely, some studies show deleterious effects of external stimuli on creativity (e.g. Mochi and Madjar 2018), leading some authors to advocate for a clean and simple to grasp environment in order to increase creative performance (Kosmadoudi et al. 2013). The idea being that external stimuli are likely to interfere with the performance of creativity tasks (Kasof 1997).


There is a kind of paradox. On the one hand, enriching the environment would potentially have a stimulating or inspiring effect, even unblocking the creative process. On the other hand, it would hinder individuals by consuming part of their mental resources that they cannot allocate to the creative process.


These different elements lead us to consider that the visual richness of the environment, thus the addition of objects, shapes and colors, should not in itself constitute a nuisance for the participants, but could on the contrary bring a form of inspiration. However, it is important to keep the participants as free as possible from interruptions. This means taking a few precautions:




	– ensuring that the area is conspicuously reserved and that colleagues are not likely to enter by surprise;


	– choosing a place or time when there will be no “random” noise nearby;


	– in terms of method, designing the facilitation of the workshops in such a way as not to have to intervene in the groups or speak while the participants are working. Work periods, even very short ones, should be thought of as sacred periods during which participants should be allowed to follow their train of thought.











3.1.2. Layout


It is customary to consider that a colorful and flexible environment is conducive to creativity. Thus, rooms dedicated to creativity have bright colors, various and often surprising shapes and furniture (seats and tables) with wheels. So, is it a fashion effect or is there a real effect on creativity?


First of all, the simple fact of having a place dedicated to creativity is interesting, because it enables the establishment of social rules that are different from other places in the company. The classic social rules of corporate life tend to be obstacles to creativity. For example, the social context of the company invites us to be serious, rational, to weigh our words, to think before we speak and to take into account the judgment of others. Taking individuals out of their usual context makes it more possible, with the right facilitation techniques, to let go of the situation that is essential to creativity workshops. The second obvious advantage is that it allows the space to be arranged in such a way as to encourage the creativity of the people in it. Finally, the third advantage is that a dedicated room can have all the necessary material for the workshops.


Indeed, most of the activities conducted in the framework of creativity workshops require specific equipment. This concerns not only basic equipment such as whiteboards, paperboards, Post-its, but also digital equipment allowing information to be shared: a video projector to share instructions or results, and also mobile applications and tablets or smartphones allowing interactive exercises (Klaxoon, Wooclap, etc.). We know for example that electronic brainwriting is very efficient, but requires the right tools (Magadley and Birdi 2009). Of course, we will come back to this point; virtual reality equipment is becoming more and more indispensable to foster creativity in workshops.


Creativity workshops are based on a sequence of different activities, some of which aim to inspire, others to diverge or converge. The constraints concerning these activities are very different in terms of the number of participants per group, the postures and the material needed. This is why the modular character is a central criterion for the design of a room dedicated to creativity. It allows the creation of distinct and evolving zones according to the activities, since it is enough to roll the chairs to create small working groups or conversely an assembly. Mobile partitions, on feet or on wheels, also make it possible to quickly separate or delimit zones. Zoning can also be done in a more subtle way, using mats or distributed lighting to visually indicate independent areas of the room.


A pragmatic aspect to consider is the satisfaction of physiological needs. The participants are human beings who are involved in an activity for several hours, even a whole day. Depending on the duration, it may be essential to have toilets nearby, but also something to drink and eat. It is a good practice to have a “coffee corner” in the creative space and, above all, to indicate at the beginning of the session the presence of these different elements. In the same vein, since participants are likely to stay for several hours, the furniture used should be comfortable to make this moment enjoyable. Today, many companies include relaxation areas in their design to improve the well-being of employees at work. Relaxing spaces are considered favorable for increasing team creativity (Steiner 2006). This favorable character is dependent on the fact that the relaxing space allows individuals to take a mental break from their usual work activities. These relaxing spaces can moreover correspond to activities such as billiards for example, which can be a kind of very effective transitional break before a creative activity, or between several activities (Lee 2016). The choice of furniture type is also important because it will more or less promote social interactions (McCoy and Evans 2002). Composite materials (plastic, laminate, synthetic fibers or steel) are also considered less conducive to creativity than natural materials such as wood, marble or leather for example (McCoy and Evans 2002). Wood seems to be a particularly interesting material for a room dedicated to creativity.






[image: A photograph shows players playing in a ping-pong table.]

Figure 3.3. At the Laval Virtual Center, a ping-pong table is available just in front of the Creative Space, ideal for making breaks friendly and for “disconnecting”. For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip




The issue of privacy must also be considered when designing the space for a given workshop. By “privacy” we mean not being visible to other participants. Overall, scientific studies indicate that privacy, that is, the possibility of isolating oneself, has a positive effect on concentration (Stokols et al. 2002), which is necessary for certain work stages. Conversely, the fact of seeing each other is an advantage for certain activities (Toker and Gray 2008). The key is to design the space in such a way that participants can easily be isolated or grouped together (Haner 2005). In practical terms, movable partitions or shelves that separate spaces in which participants can divide or group according to the activities can work very well.


It is extremely important to choose a room with at least one window and, if possible, with a view of natural elements (McCoy and Evans 2002). Natural elements and daylight are both factors that support comfort and creativity. Similarly, decorative elements are also conducive to creativity. They actually increase the visual complexity of the environment, making it potentially more inspiring. This can be personal objects on a desk, books, artworks (sculptures, paintings, etc.) and design objects. Increasing the level of visual detail in the environment tends to promote inspiration (McCoy and Evans 2002).


Thus, the creative room must be furnished with comfortable, attractive, modular furniture, made of natural materials. It should be located close to amenities and a coffee corner and equipped with the necessary equipment for creative workshops (Post-its, flip charts, digital devices, video projectors, etc.). The room should have at least one window and decorative elements on the walls and/or on wooden shelves. The layout should have different spaces with dividers to allow participants to group and separate according to the activities.






3.1.3. Natural elements


The concept of attention restoration based on the presence of natural elements was developed by Kaplan (attention restoration theory; 1989, 1995). He suggests that mental fatigue can be reduced by looking at natural elements for a few tens of seconds, thus improving concentration. According to the attention restoration theory, exposure to natural environments promotes brain functions that require little mental effort, thus allowing the recovery of attentional capacities.


According to Kaplan, in order to have attention-restoring properties, the natural environment must have the following four characteristics:




	– we must feel immersed in the environment, so it is not a simple image, but an environment that surrounds us with a certain consistency;


	– it is not the usual environment, it gives the impression of being far away and letting go of daily worries;


	– “soft fascinating”, which corresponds to an environment that will both attract the eye without being tiring to look at;


	– exposure must be voluntary and consistent with the individual’s current preferences and goals.







The soft fascinating character is the key element, the other three characteristics being only likely to reduce or increase the relaxing effect.


In a study by Lee et al. (2015), 150 participants were asked to perform a simple task of pressing keys based on numbers that appeared on the screen. After 5 minutes, participants performed a 40-second break before repeating the same exercise. During these 40 seconds, an image of a building’s roof appeared on the screen. For 75 participants, it was a gray building roof, with no vegetation, while for the other 75, the roof was covered with a green meadow with flowers.




[image: Photographs show the roof without vegetation (left) and with vegetation (right).]

Figure 3.4. The roof without vegetation (left) and with vegetation (right) used for breaks in the experiment by Lee et al. (2015). For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip




The authors found a greater drop in concentration with the gray roof than with the vegetated roof, and also a greater variability in performance with the gray while it remained stable with the vegetated roof. Thus, according to Lee et al. (2015), this suggests that in a work situation, it is possible to engage in “green microbreaks” by looking at vegetation through the window, taking a walk outside or even to a lesser extent through a screen saver.


Overall, a huge number of studies have shown that being in a natural environment, or even just looking at natural elements, improves cognitive functioning, including attention and memory (Berto 2005; Berman et al. 2008; Berto et al. 2010; Raanaas et al. 2011), in addition to reducing perceived or physiological stress (Ulrich 1981; Hartig et al. 1991, 1996; Ulrich et al. 1991; Van den Berg et al. 2003; de Kort et al. 2006; Valtchanov et al. 2010; Tyrväinen et al. 2014). For example, offices with a view of natural features are known to improve job satisfaction and well-being, reduce stress and low mood, and also reduce sick leave compared to offices without natural features (Heerwagen and Orians 1986; Leather et al. 1998; Shibata and Suzuki 2004; Bringslimark et al. 2007; Kweon et al. 2008). Even hospitals with a view of natural landscapes induce in their patients better recovery, less stress and lower pain perception (Ulrich 1984; Lechtzin et al. 2010; Beukeboom et al. 2012).


Regarding performance on different kinds of creativity tasks, the results clearly point in the same direction. On creative problem-solving tasks, hikers perform better after spending 4 days in nature (Atchley et al. 2012). Convergent creativity performance (remote association test) also tends to be higher in participants who have been on a 6-day canoe trip (Ferraro III 2015).


When students move around a campus, they perform better on a divergent creativity task (finding as many alternative uses for a given object as possible) than when they are inside a building (Oppezzo and Schwarz 2014), but no significant difference appears for convergent creativity. In Shibata and Suzuki’s (2004) study, female students were better on a creativity task when sitting in a room with an indoor plant than when sitting in the same room with magazines. Moreover, even managers in industry, if they have to judge offices by photos, consider those with plants and windows to be more conducive to creativity (Ceylan et al. 2008).


Plambech and Van Den Bosch (2015) surveyed 70 creative professionals of different ages, genders and professions about their relationship with nature and how they felt it stimulated their creativity. The results of this study indicate that, overall, they felt that nature increased their creativity. It tended to make them more curious and flexible in their thinking. Nature also helped to recover the attentional skills needed to analyze and develop ideas. It played a role in the first two stages of the creative process: preparation and incubation. This effect was also manifested when the stimuli evoking nature were sound. The diffusion of sounds such as the wind blowing or birds singing had a positive influence on creativity (Alawad 2012).


In general, the idea is that humans value contact with natural environments and that these environments are conducive to efficient intellectual functioning. The fact that we live more and more in urban environments means that, for many individuals, contact with nature is rarer. This is why creating work environments that allow for contact with nature, even if they are artificial, such as through plant-like forms, is a way to improve the well-being and mental functioning of employees. This way of designing environments that take into account the human desire for nature is called biophilic design.


Several large companies are already applying the principles of bibliophilic design to the design of their work environments. Amazon’s famous “Biosphere” in Seattle is a particularly illustrative example, with offices scattered throughout a five-story greenhouse where exotic trees grow.


Thus, exposure to natural environments has many benefits in terms of concentration, well-being and creativity. A room dedicated to creativity should allow this visual and sound exposure. This can be achieved by providing windows to let in daylight and a view of a natural landscape. It can also be done by adding plants inside the room, or even a biophilic inspired design in the choice of shapes and colors.






3.1.4. Colors, sounds, light and temperature


In general, the color code of a given room is either made up of warm colors (yellow, orange and red), cold colors (blue, green and purple) or an absence of color (black, white and shades of gray). The question we ask ourselves when we design a physical or virtual space dedicated to creativity is to know if this space should be dressed with warm colors or with cold colors.


It can be said that this subject has been the subject of debate in the scientific community. On the one hand, McCoy and Evans (2002) show that cold colors tend to negatively influence creativity while warm colors have no effect. On the other hand, Ceylan et al. (2008) obtain a positive effect of cold colors on creativity and a rather inhibiting effect of warm colors. Other studies lead to the conclusion that both cold and warm colors can have a positive effect on creativity (Dul et al. 2011; Dul and Ceylan 2011, 2014).


This apparent contradiction comes from the fact that different colors are favorable to different stages of the creative process (Haner 2005). Thus, warm, stimulating colors would be more conducive to the stages of divergence, whereas cold, soothing colors would be favorable to the concentration necessary for convergence. Moreover, in these two stages, an environment without color (black, white and gray) is harmful to creativity (Hoff and Öberg 2015; Lee 2016).


The scientific data concerning the effects of lighting on creativity follow a pattern relatively similar to those concerning colors. Some studies show that insufficient lighting can inhibit creativity (Alencar and Bruno-Faria 1997; Ceylan et al. 2008), while others show, on the contrary, that darkness and dim lighting are conducive to creativity, although it impairs performance on analytical tasks (e.g. Steidle and Werth 2013). On the other hand, exposure to daylight appears to be a positive factor for creativity (Dul and Ceylan 2014; Hoff and Öberg 2015), which can possibly be related to the effects of natural elements discussed above. Professional creatives (from film and video games) interviewed by Hoff and Öberg (2015) consider the need for light to depend on the type of activity they are doing. The main factor mentioned is that this light needs to be controllable and consistent, both for efficiency and for well-being. Daylight is also considered a positive point in terms of performance due to its positive effect on morale.


Regarding the temperature, it should be kept comfortable, but not too hot, or else creativity will be inhibited (Alencar and Bruno-Faria 1997; Martens 2011). It is also best to ensure that there are no bad smells, or even that there is a pleasant smell (Dul et al. 2011; Dul and Ceylan 2014).




A noisy environment is generally considered distracting and therefore deleterious to creativity (Stokols et al. 2002). Conversely, positive sounds, such as nature sounds (water flow, wind blowing and birds singing) or music can have a positive impact on creativity (Dul and Ceylan 2014). Specifically, listening to upbeat music tends to facilitate divergent creativity tasks (Ritter and Ferguson 2017).


Thus, regarding colors, sounds, light and temperature, your creative space should be composed of a space with warm colors for divergence and another with cool colors for convergence. This forces participants to move around, but as we will see in the next section, this is a good thing! These spaces should have windows that let in natural light and ideally overlook vegetation. The smell should be discreet and pleasant and the environment should be quiet and soundproof. Music can be used sparingly during the divergence phase.






3.1.5. Creativity, posture and movement


Many writers and philosophers have discussed the idea that walking facilitates thinking. It is common to observe people who cannot make a phone call without walking back and forth. To explain this phenomenon, it is generally said that walking accelerates the heart rate, thus circulating more blood and oxygen to the muscles and organs, including the brain. Walking is also said to connect the rhythm of our body to our mental state, because we do not make a conscious effort when we walk, which leaves the mind available for creative thinking.


This idea is so widespread that when residents of a city are asked to indicate on a map which places are walkable, and other residents of the same city which places are creative, they usually indicate the same places (Bereitschaft 2018). These walkable and creative places are those that facilitate social interactions and physical activities, for example pedestrian squares with café terraces or public parks. The question of the effects of postures and physical activities on all kinds of intellectual performance has been studied in the field of management and organization of work spaces. Thus, a non-sedentary organization of workspaces, that is, the absence of desks assigned to a particular employee, leads to two main consequences. The first is the decrease of territoriality, leading employees to better appropriate the whole space and to move around more. The second consequence is an increase in the level of physiological arousal promoting intellectual work (Knight and Baer 2014). Open postures (shoulders back, chest upright) are also known to promote creativity compared to closed postures (arms crossed or shoulders forward, chest bent forward), regardless of the comfort level associated with each posture (Andolfi et al. 2017). These effects of postures are moreover specific to creativity, since no influence is observed on logic tests, for example (Andolfi et al. 2017). Even more than posture itself, the match between posture and emotional state is a lever for improving creative performance (Hao et al. 2017). The fact that strong emotions, both positive and negative, improve creative performance has been established for about a decade (De Dreu et al. 2008). Performance is even higher when positive emotion is associated with an open posture or when negative emotion is associated with a closed posture (Hao et al. 2017).




[image: A photograph of an example of a playful physical and mental warm-up activity.]

Figure 3.5. Example of a playful physical and mental warm-up activity during a day of creativity workshops. The flexible space is set up especially for this exercise and is reconfigured very quickly afterward. The participants are led to get physically and mentally in motion in order to optimize their intellectual functioning during the rest of the workshop. For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip






The classic posture in office work is a seated, rather closed position. Conversely, virtual reality is conducive to standing use, which not only increases individuals’ engagement in the task, their interest and enthusiasm (Finch et al. 2017), but also allows for better regulation of stress levels and better allocation of attentional resources (Gilson et al. 2017). It gets users moving and active both physically and mentally. It is also often adequate to bring users to a more salient experience due in particular to scale 1 immersion, characterized by intense emotions. Beyond laboratory assessments in very controlled situations mentioned in the previous chapter, which show the effectiveness of virtual reality for sketch-ideas, we can see that the main characteristics linked to the uses of virtual reality allow users to be placed in situations that are conducive to creativity.


Moreover, virtual reality also makes it easy to exploit a specific characteristic of the human brain, which is that we perform better intellectually, more creatively, when we are in motion than when we are stationary. A study conducted in our laboratory shows that when you perform a Guilford divergence task (the so-called alternative uses task, imagining in a limited time a maximum of possible uses of a brick) with a virtual reality headset over your eyes, your creative performance is significantly higher when the virtual environment gives you the impression that you are moving than when it gives you the impression that you are stationary (Fleury et al. 2020b). This effect is thought to be based on the fact that the cerebellum plays a central role in both motor functions and visual perceptual processing (Baumann et al. 2015) and specifically in motion perception (Nawrot and Rizzo 1995) and visual attention (Brissenden and Somers 2019). The cerebellum is also involved in working memory function (Küper et al. 2016). Finally, the cerebellum is involved in various creative tasks (Levy et al. 2013). It is particularly so in idea generation tasks, that is, in divergent creativity tasks rather than in convergence tasks. Yet, precisely, our results indicate that the effect of visual motion on creativity works only for a divergence task but not for a convergence task. Thus, virtual reality can easily exploit this effect by designing creativity applications that simulate motion in order to amplify the intellectual functioning of users.






[image: A photograph of an example of a virtual reality design meeting situation.]

Figure 3.6. Example of a virtual reality design meeting situation. The user is standing and physically moving throughout the exchange, while the other users are physically at a distance. For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip




The physical environment must allow for freedom of posture, since the ideal posture is one that corresponds to the individual’s emotional state. Different types of seating must therefore be offered, from the footstool to the high chair. The space should also be organized in such a way that the different activities lead to standing up regularly and walking: an effective solution is to slip short breaks into creative exercises, breaks during which participants will move around in an inspiring place, with natural or artistic elements to look at.




[image: A photograph of the Creative Space used by our team at the Laval Virtual Center.]

Figure 3.7. The Creative Space used by our team at the Laval Virtual Center was designed to be the ideal place for creative workshops. This is a computer-generated image showing an example of the layout of this space. The previous figure shows the real space. For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip






The Creative Space used by our team at the Laval Virtual Center has the particularity of having been designed and fitted out especially to optimize the potential of participants in creative workshops. It is a room large enough to perform playful physical exercises (ball games, etc.) and to set up separate spaces if needed. Many different types of furniture are available in a nearby storeroom to create the appropriate layout for each session according to the program designed by the facilitators. The furniture in question is on wheels, including large wooden bleachers to create contact with this natural material. The colors are bright and varied, allowing a specific color code to be chosen for each session or exercise. One side of the room is covered with windows overlooking trees, and plants are added to the interior of the room. A video projector is installed on the ceiling, electrical and network outlets are installed on all walls and a cabinet contains paper, pencils, paperboards, Post-it notes, etc. Finally, since the creativity workshops conducted by our team for companies are often about opportunities related to immersive technologies for the company, we take advantage of the exceptional human and technological ecosystem at the Laval Virtual Center to inject knowledge and inspiration into the workshops not only through technology demonstration sequences (participants have the opportunity to test many immersive applications to learn about them), but also through the intervention of experts who will make brief presentations and/or answer questions from participants. The ability to activate all the levers that promote creativity, which is associated with adequate animation techniques, leads to spectacular results compared to what would be obtained in more traditional conditions.








3.2. Virtual creation environment


Not all companies can put their employees in offices immersed in organically designed plant greenhouses, as Amazon does in Seattle. This power of the natural landscape can be partly exploited by adding plants in the workspaces, but it is especially easy to implement it fully through virtual reality. Changing virtual settings is easy: you can have a creative workshop at the foot of a waterfall or in the middle of a canyon without leaving your desk. Not only does virtual reality make the benefits of the settings and postures we identified above accessible, but the virtual reality tools themselves are becoming more and more accessible. The price of the material has indeed considerably decreased during these last years, so that it is possible today to equip oneself in a basic but significant way, for a few hundred euros. In addition, there are now solutions that can be transported and deployed quickly. We have had the opportunity on several occasions to run creativity workshops in our partners’ premises, thus verifying that bringing our virtual reality headsets is no longer restrictive. It now only takes a few minutes to install them on site.




[image: A photograph of windows Mixed Reality headset in a carrying case for a virtual reality-based creativity workshop at a partner site.]

Figure 3.8. Windows Mixed Reality headset in a carrying case for a virtual reality-based creativity workshop at a partner site. All of the materials needed for the planned session were contained in this single case. For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip




Virtual reality offers new opportunities to create environments specifically optimized to foster creativity. These environments can also be designed to promote postures and movements that are known to improve creativity.




3.2.1. Avatars


If it is possible to modulate the virtual environment to make designers more creative, it is also possible to regulate the characteristics of their avatars. Two main results have been highlighted in the context of virtual reality brainstorming: the effect of embodying a character considered creative and the effect of the avatar’s self-similarity, that is, the resemblance of the participant and their avatar.


Regarding the effect of embodying a character deemed creative, Guegan et al. (2017) identified that engineering students tended to associate creativity with stereotypes associated with inventors. Yet, engineering students using an inventor avatar generated more ideas during brainstorming than those whose avatar was not an inventor, or those who had no avatar at all (Guegan et al. 2016). The visual appearance of an avatar has also an impact on how participants approach a problem. When asked to generate solutions for public transportation problems, participants embodying avatars that resembled commuter transit users generated more solutions that addressed user needs, while those embodying inventors generated more technical solutions (Buisine et al. 2016).


de Rooij et al. (2017) analyzed this identification effect and the effect of avatar self-similarity on creativity in the same study. Participants were asked to generate ideas by embodying an avatar resembling either an artist, an office worker or themselves. Surprisingly, the results indicated that ideas generated by participants embodying avatars resembling themselves were more creative than those of participants embodying avatars of artists or office workers.


Increasingly, virtual environment applications allow users to compose their own avatars, which in turn allow users to create avatars that look like them, thus exploiting the Proteus effect. The Proteus effect refers to the fact that the visual appearance of an avatar influences the way users think and act in a virtual environment. The effects of avatars on creativity are related to the fact that the Proteus or self-resemblance effect, through the increase in identification, generates positive affect, promoting the originality of the ideas generated (Marinussen and de Rooij 2019).


The likelihood of generating original ideas depends in part on the individual’s ability to shift attention between different concepts and to retain these concepts in working memory. This ability is called cognitive flexibility (Baas et al. 2008). Increasing cognitive flexibility increases the probability of switching between concepts during ideation (de Rooij et al. 2015). Positive affect is thus associated with generating original ideas (Baas et al. 2008; de Rooij et al. 2017) due to the effect of positive affect on cognitive flexibility (de Rooij et al. 2015).


In order to make the most of collective intelligence, it is important to understand the dynamics, particularly the influences, that are at play. In a virtual environment, social influences are largely determined by the visual characteristics of the avatars used. Avatars are projections of users, digital representations. Allowing users to personalize their avatars tends to increase their level of satisfaction (Ratan and Hasler 2014), even though users create avatars that do not necessarily resemble them (Dunn and Guadagno 2012), but rather will experiment with multiple identities or highlight certain aspects of their ideal of themselves (Bessière et al. 2007; Messinger et al. 2008). Several studies have shown an influence of avatars on users’ performance in at least two ways: through their individual appearance and through the social identity cues they display (uniforms, costumes, etc.). The influences of avatar identity cues on behavior are attributed to the Proteus effect (Yee and Bailenson 2007). Avatars can be used to promote group coherence, which helps reduce “loitering” during electronic brainstorming, where some users tend to disengage. By adding badges to avatars that reinforce their group image, it is possible to reduce this disengagement and thus improve group performance (Guegan et al. 2017).


Collaborative work using virtual reality headsets has given rise to several experiments within our team. Some of these works have specifically aimed at identifying and defining the effects of visual and behavioral characteristics of avatars on the feeling of presence and the ability to work together efficiently. Different types of avatars have been tested with varying levels of visual (human-like) and behavioral fidelity (realistic eye and mouth movements when speaking). They were tested in pair work situations: the first one consisted of solving a three-dimensional (3D) puzzle with one participant who could see the model and the other one who could manipulate the pieces, forcing them to collaborate to succeed in the task. The second work situation was a virtual version of the “Crash on the moon” negotiation exercise. Participants were face to face and had to provide a common response to this problem consisting of prioritizing objects according to their perceived usefulness in the context described in the exercise instruction. The results of these two studies show that the attractiveness of the avatars is not only a hedonic consideration, but has also an impact on the way the interaction takes place and on the performance of the pair. Indeed, visual and behavioral fidelity is associated with a high level of attractiveness and participants are more likely to look at an attractive avatar (Gorisse et al. 2020). However, it seems that looking more at one’s interlocutor is associated with a better collaborative performance because it will make the exchanges more fluid thanks to the contribution of non-verbal communication. Thus, indirectly, choosing realistic and therefore attractive avatars tends to improve collaborative work performance in virtual reality.




[image: Schematic illustration of the avatars used in attractiveness and presence studies.]

Figure 3.9. Avatars used in attractiveness and presence studies (top), the level of visual fidelity of avatars increases from left to right; collaborative task situation (bottom left); negotiation task situation (bottom right). For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip










3.2.2. Inspiring environments


We have seen that a virtual environment can simply exploit the effects of natural environments, the effects related to avatars and identification. It is also possible to immerse the users in a virtual environment resulting from a 3D scan and corresponding to the context of use of the future innovation. Immersed ideation in this type of environment saves time, as it reduces the number of sketches and explanations needed to make ideas understood because the elements of the present context do not need to be explained or represented again (Marchand et al. 2018).




[image: Photos depict the virtual environments designed by our team for a furniture ideation session.]

Figure 3.10. Virtual environments designed by our team for a furniture ideation session: an inspiring natural environment (left) and an office environment allowing the user to become aware of space and usage constraints (right). For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip




Virtual reality also makes it possible to immerse users in environments that are relevant and conducive to their creativity, but which simply do not exist in reality. For example, innovations that are thought of in creativity workshops will take shape in the future, in the months to come and potentially for years. Thus, creativity workshops often involve thinking about innovations that will actually take place in the future, in the world as it will be later. For this reason, we have designed an application within our team that allows you to immerse yourself in the future to serve as inspiration for ideation. Several dates have been thought of, from the distant future to the near future, and it is possible to move in the environment in 3D, in multi-user, and to imagine in this context the innovations, even to draw them in 3D.




[image: Photos depict the environments designed to immerse participants in a city of the future to imagine innovations in that context.]

Figure 3.11. Environments designed to immerse participants in a city of the future to imagine innovations in that context. Participants can collaboratively move around the city or an apartment and draw the innovations they imagine together. For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip












  
    





4
User-Centered Innovation Methods: Design Thinking, Double Diamond, Lean UX and Time to Concept


Knowing how to listen means possessing, in addition to one’s own, the brains of others.


LEONARDO DA VINCI




4.1. Design Thinking


Design Thinking is a user-centered innovation approach developed by Rolf Faste in the 1980s at Stanford University. This approach is structured to take into account, as much as possible, the characteristics, needs and expectations of the potential future users of the innovation being designed. This also means that the approach is not techno-centric. In other words, the designer does not start their project using the technologies they master; the designer enters in contact with the users of the service/product to identify needs, without presuppositions about the solutions. This point is far from neutral: it implies that the starting point of a Design Thinking approach is neither an identified need nor a technological opportunity, but a desire to innovate. A typical situation in which Design Thinking is particularly relevant is when a company wants to improve an existing service or product.




The Design School of Stanford University defines the Design Thinking process in five successive steps. It includes occasional loops and backtracking.


The purpose of empathy is to identify all the needs of users with regard to the task in hand. This involves an analysis of the context and constraints based on various specific methods such as interviews or shadowing1.


The definition consists of choosing an angle for the project, that is, selecting the need (among those identified in the previous step) that the company will address. To do this, the creation of personas and experience maps allows for identifying the most important points to be addressed to improve the user experience. At this stage, the question of technical feasibility begins to be taken into account, albeit superficially, so as not to choose a need that cannot be addressed.


Ideation is the step that will lead to the implementation of the different creativity techniques in order to define the technical solution that will allow to answer the need defined during the previous step.


Prototyping is the first step in the technical realization of the project. It consists of creating the first representations, more or less realistic and more or less functional of the product or service.


Testing consists of confronting future users with the prototype in order to identify usability problems and to evaluate the adequacy of the need. The prototyping and testing stages are by nature inclined to be articulated in an iterative way: each test leads to corrections on the prototype.


In reality, these steps are theoretical. The start of a project in a company often has at its origin an identified, even defined need. Thus, the project frequently starts at the ideation stage, that is, the reflection on solutions to meet the defined need. The only cases in which a Design Thinking project really starts with empathy is when a company wants to innovate, for example, to improve a service.




[image: Schematic illustration of the five steps of Design Thinking by Stanford University.]

Figure 4.1. The five steps of Design Thinking by Stanford University. For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip




The fact that design choices are guided by the needs expressed by future users could lead to the fear that Design Thinking can lead only to incremental innovations, never to disruptive innovations. In reality, it should be noted that on the contrary, the designer can allow himself or herself to integrate his or her most daring and risky ideas because the iterative nature of the process means that they will automatically be ejected from the project if they do not prove to be relevant. It is therefore both a user-centered method and a method that allows for a certain amount of audacity due to its iterative nature.


Iterations can concern all stages, including sometimes stages that are not directly successive in the model. The most frequent iteration inherent to the approach is the prototyping/testing loop. However, the tests can also lead to redefining the problem or to collecting other needs, or even to generating other ideas for the project and thus iterating on all the steps.


We can consider that this five-step model can be thought of in two main parts: the stage concerning the needs and the stage concerning the technical solutions to meet the needs. The first stage aims to lead to a well-defined need (empathy + definition) and the second to a designed and validated solution (ideation + prototyping + testing). This division into two major stages has been proposed under the name Double Diamond.








4.2. The Double Diamond


The Double Diamond is an innovative project management method proposed by the UK Design Council. This model describes the design process as being made up of four successive stages, alternating divergence and convergence activities. As in the Design Thinking model, each stage presents both specific objectives and a set of methods.




[image: Schematic illustration of the UK Design Council�s Double Diamond model.]

Figure 4.2. The UK Design Council’s Double Diamond model


The first step is to define the problem or need to be addressed. For this, the methods used are primary research (observation of uses, interviews, etc.), secondary research (state of the art), and also collective reflection techniques such as brainstorming or World Café, for example. The second step aims to define the project. It consists of analyzing and summarizing the results collected during the first step and elaborating a vision of the project, that is, the specifications, the objectives sought and the value created. The third step consists of mocking up the solution and evaluating/improving it in an iterative way through ideation workshops or focus groups. Finally, the fourth step is the realization of a functional prototype allowing technical tests to be performed as well as user tests.




This approach is therefore separated into two “diamonds”: the first is focused on the needs and the definition of the project, while the second corresponds to the definition and realization of the technical solution. An important aspect of the double diamond is that it represents with equal size the stages of project definition and technical development. The omission or underestimation of the first diamond is an unfortunately frequent error in innovation projects. In concrete terms, this means that the need is poorly defined or appears to be secondary, even though efforts have already been invested in the design of the solution.






4.3. Lean UX




4.3.1 Uncertainty linked to innovation


Innovation does not always imply real uncertainty in terms of customer reaction. If a company innovates by creating a new process that makes it possible to produce at a lower cost (and therefore to lower its prices) or to reduce the weight of a transportable object or to solve a problem raised by customers, we know that the implementation of this innovation and the associated expenses correspond to a creation of value that will generate a form of return for the company. On the other hand, when the innovation concerns usage, then the company evolves in an environment of uncertainty, because nobody can affirm that the new product/service that is developed will be adopted by the public. For example, before the huge success of the Vinted app, one could not be sure that many people would adopt this service because it involved:




	– buying clothes online (without having tried them on);


	– wearing clothes already worn by someone else;


	– wearing clothes that have not just come out and are therefore not necessarily the latest in fashion.





These different points were all reasons to doubt that such a service would really work.








4.3.2. Definition


Lean UX is a method that aims to deal with these particular cases of innovation in a very uncertain environment. It is an excellent approach for a company that is trying to create a blue ocean. We speak of Lean “UX” because it is an approach centered on the customer experience, but we also speak of “Lean Startup” because startups are the main users of this approach, as they are the ones generally creating new products or services. “Lean” originally comes from “Lean Manufacturing”. The Lean philosophy is about removing, as much as possible, the “fat” in the processes, that is, to limit waste or excess as much as possible (working time, material, etc.). In Lean Manufacturing, this implies time calculation methods for each operation, just-in-time organizations with zero inventory, etc. In Lean Startups, it is about avoiding investing a lot of effort and therefore money in the production of features or services that will not be adopted.






4.3.3. The Lean UX loop


Figure 4.3 describes the iterative process that constitutes the organization of the project in Lean Startup mode. However, there are some preliminary steps before actually entering this loop. First, you need to identify the problem you want to solve and the corresponding target population. This step can take many different forms and can be conducted in the form of “user research” since it corresponds in fact to the first two steps of the Stanford model of Design Thinking (empathy and definition). The next step is to benchmark existing or nearby solutions and identify possible improvements. This will be done through creativity workshops around existing solutions, as is done in the ideation stage of Design Thinking. It is also possible to use tools like a “value proposition caneva” or to write User Stories to clearly define the value proposition and the envisaged functionalities. From these solution ideas, it is then a matter of defining hypotheses. For Vinted, for example, an assumption could be that consumers often have clothes in their closet that are in good condition, but that they no longer want to wear. If this assumption turned out to be completely wrong, the concept would fall apart, or would require serious adjustments. Several hypotheses are thus generated and prioritized. The goal is to keep only the most essential assumptions for the concept. For example, for Vinted, the hypothesis that potential users would prefer a subscription logic to access additional services is too secondary to be among the first to be processed. Indeed, this hypothesis, if it were to prove false, would not at all call into question the general orientation of the project.




[image: Schematic illustration of the �Feedback Loop� or �Lean Startup Cycle�.]

Figure 4.3. Representation of the “Feedback Loop” or “Lean Startup Cycle”. For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip




When the main hypotheses have been formulated, we enter the loop in the “construction” stage. This involves creating a Minimum Viable Product (MVP) that will be used to test the hypotheses. The MVP can be a functional prototype, a model, or even a representation that will be used with the Wizard of Oz technique. The objective of the MVP is to make potential future users understand the value proposition while investing the least amount of effort possible. This MVP is then deployed to potential future users to be tested in order to test the main assumptions. The “Measure” stage consists of collecting as much quantitative and qualitative data as possible about the idea. These data are carefully analyzed, leading to the “Learn” stage. This is the stage where conclusions are drawn about the hypotheses on the basis of the analyzed data. Either a hypothesis is found to be correct, in which case the project can continue and scale up, or it is judged to be wrong, in which case the project or the aspect of the project that depended on the assumption is abandoned, which in the end will be only a moderate waste of resources compared to what it might have been if scaling up had been done directly. In some cases, the hypothesis is not validated but gives rise to a “pivot”, that is, a readjustment of the project so that it better corresponds to the data collected in the field. The next step is then the complete realization of the device, the scaling up. The rest of the development can also be done in Lean Startup mode to create new functionalities without taking the risk of losing a lot of time on a functionality that would not correspond to the users’ expectations. This project management approach is efficient to evolve in uncertainty while moving forward with controlled expenses to allow for mistakes at a lower cost, a condition particularly conducive to the emergence of radical innovations.








4.4. The Time to Concept method


The Time to Concept method was developed by our team at the Institut Arts et Métiers de Laval through a combination of scientific research work conducted in the laboratory and support for industrial companies in the form of ideation workshops, proof of concept development or the MaYAM innovation challenge. Although it can be used in different ways and in various contexts, the Time to Concept method is particularly well suited to cases in which the company wishes to seize an opportunity or avoid risks related to developments in a technological field that is not its own.




4.4.1. An example of the application of Time to Concept method


To illustrate the method from a macroscopic point of view, let us take the concrete case of the MaYAM challenge. As previously mentioned, this is a student challenge organized by the Institut Arts et Métiers de Laval and which consists of having small groups of students, each accompanied by a lecturer-researcher from the team, work on an innovation concept for the companies participating in the challenge. Our students are specialized in immersive technologies (virtual reality, augmented reality), while the participating companies come from different sectors. They are therefore in a situation where they see a very important development of immersive technologies without being able to evaluate if these evolutions could bring them something or constitute a threat for them. At the same time, they do not have a sufficiently identified interest to really invest in the subject, for example by recruiting an engineer specialized in immersive technologies, but they would not want to miss an opportunity that they would not have perceived and which would give an advantage to their competitors.


How would we organize this challenge if we adopted the Design Thinking model? In this case, we would start by analyzing the company’s context, strategy, needs and expectations (empathy stage). In a second step, we would define the need that we will choose to address in the context of the challenge (definition step). In a third step, the students would be presented with a well-identified need defined by the company. Their objective would then be to define a technical solution that would meet this need in the most compliant way possible (ideation stage). Following this, the aim would be to create a proof of concept or a prototype, not necessarily by this group within the framework of the challenge if the workload is too great but rather, for example, with an end-of-studies internship (prototype stage). Finally, a few iterations of user testing/improvement of the prototype would be carried out until a satisfactory result is achieved for the company (test stage). Such an organization based on Design Thinking necessarily leads to a good level of satisfaction of the companies involved if their objective was to achieve an incremental innovation on their service/product. Moreover, this way of doing things in this context does not lead to anything other than incremental innovations while being relatively safe from any risk of radical innovation. The reason is that the company is not familiar with immersive technologies and is not able to imagine the extent of the possibilities associated with this field. It therefore sees its needs in terms of what it thinks is possible.




To illustrate the Time to Concept approach, here is the course of the MaYAM challenge as it actually takes place. Each group of students is given the name of the company and only has access to the information they find on the Internet about it. The students are given no other instructions than to come up with ideas for innovations for this company. A first creativity workshop is then conducted at this stage to come up with three innovation concepts. Then, the students visit the company with an internal point of contact who presents their problems and needs. Based on this visit, the students refine their concepts so that they correspond better to the company’s problems. The ideas presented to the company’s management are technically viable (because they were developed by experts), daring and surprising (because they were developed without being influenced by the expression of the needs) and relevant (because they were refined in a second phase in light of the needs). It is then the company that chooses which of the ideas presented it would like to see developed. The group can then take the chosen idea further, elaborate it, enrich it and specify it on the technical level. The following steps are the same as in the Design Thinking approach with the realization of a prototype (possibly by an intern recruited by the company convinced by the idea) and the iterations of testing/improvement.


To maximize the chances of producing radical innovations, the Time to Concept approach goes against many design principles by not starting with the need, but with technological expertise. The empathy and convergence stages come second and third to guarantee the adequacy of needs, but the fact of not taking the contextual or needs analysis as the starting point of the approach allows the creativity concerning the technological opportunities to be freed.






4.4.2. Managing innovation projects in Time to Concept


The Time to Concept approach is particularly relevant in the context of an open innovation process in which the prescribers will develop the process for a company that does not master the technological domain in question. In this logic, the idea is that the technological experts have a very broad vision of the solution possibilities, but know little about the target company’s business and its constraints/needs. Conversely, the company has a very precise vision of what it considers its needs while ignoring the technological possibilities. Alone, the company will tend to imagine simplistic solutions and miss opportunities, while the experts may propose sophisticated but inadequate solutions. The originality of the approach is to solve this problem through the back and forth between the technology experts and the “field experts”. The technology experts start, on the basis of a brief survey of the company (and therefore limited knowledge) by conducting a creative divergent workshop aimed at developing several concepts of technological solutions that could be proposed to the company. By doing it this way, they are not blocked in their thinking by the needs identified by the company. This divergence is followed by the empathy stage. In concrete terms, the experts visit the company and discuss its problems. Following this visit, the experts consider that some of their proposals are not adequate, must be discarded or adjusted, and the whole is then presented and discussed with the company. This is the convergence stage. It is a question of presenting the company with innovative ideas for it and its market, and supposed to respond to a need even if it had not been identified by the company itself because it was not aware of the existing technical solutions. It should be noted that this does not preclude meeting the needs previously identified by the company. Convergence consists of elaborating/enriching/clarifying the most relevant concepts by having the experts and the company collaborate. It is also about choosing which concept will lead to a prototype. After that, the partners enter the prototyping/evaluation loop.




[image: Schematic illustration of the five steps of the Time to Concept.]

Figure 4.4. The five steps of the Time to Concept approach represented “Design Thinking style”. For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip






In terms of application cases, we have specified that the Time to Concept approach is particularly appropriate when a company seeks to identify and seize opportunities linked to the development of a technological field that it does not master. It is obviously well suited to the pilot user technique, which makes it possible not only to accentuate the radical nature of the innovations likely to result, but also to open innovation, as we saw with the MaYAM challenge. On the other hand, the Time to Concept method differs from a canonical application of Design Thinking in the sense that it does not start from the users’ needs and does not follow the same sequence of steps.






4.4.3. The six principles of the Time to Concept method


The second important aspect of the Time to Concept approach is that creative methods are omnipresent in the process, because it is a question of getting people with very different knowledge and language to imagine solutions together. It is therefore a question of creating the optimal conditions for these creative workshops to be as effective as possible, with a particularly high level of requirement on this point due to the fact that these workshops will be more numerous than with other approaches to innovation. The research work carried out at the Institut Arts et Métiers de Laval, and also by other researchers, as well as the tests carried out in real-life situations have led us to develop six fundamental principles that allow us to encapsulate the practices and factors that need to be mastered in order to fully optimize creativity workshops.




4.4.3.3. Play


Divergent creativity requires a “letting go” that is difficult for some people to achieve and is facilitated by a playful mindset (Bateson et al. 2013). The use of games can serve as an ice breaker at the beginning of a session, or even as a creative warm-up. Creative activities can themselves be gamified to promote long-term engagement and focus for participants.






[image: A photograph of a Post-it session.]

Figure 4.5. When a Post-it session is conducted right after a collaborative game, participants let go more easily during the divergence, communicate more and are more inventive. For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip








4.4.3.3. Moving


Numerous studies show that we tend to perform better intellectually when we are in motion (Oppezzo and Schwartz 2014). Being on your feet, moving around, are positive factors for creativity. Bodystorming activities allow for this characteristic, as does doing activities more on your feet and taking breaks while moving. It also encourages keeping activities short and changing rooms for each activity.






4.4.3.3. Inspiring


Care should always be taken to ensure that workshop participants are able to draw inspiration from several sources. These sources of inspiration can be presentations of benchmarks, prospective studies, interventions by experts, exposure to the ideas of other participants or different inspiration techniques (analogy techniques, etc.) that can be induced by the workshop facilitator.






[image: Photos depict the examples of inspirations used by our team.]

Figure 4.6. Examples of inspirations used by our team: a shelf of immersive technologies (left) and a prospective virtual environment that can be configured by the facilitator and allows participants to immerse themselves in a residential neighborhood of the future (right). For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip








4.4.3.3. Sketching


The creative stages are always collective, so it is important to be able to formalize your ideas in order to communicate them. The sketch is a co-creation facilitator (Dorta 2004), it can be realized on paper, in the form of collaborative drawings, in virtual reality, etc.






4.4.3.3. Customizing


Several studies show that there are significant correlations between individuals’ personality traits and their performance on divergent and convergent creativity tasks (e.g. Sung and Choi 2009; Batey et al. 2010). Some people are more comfortable diverging, others converging. Therefore, it is important to use the right techniques to quickly identify the extreme profiles in order to give them roles that match both their interest and their abilities.






4.4.3.3. Equipping yourself


A central principle of the Time to Concept approach is taking the time to equip oneself with the best tools and to systematically make the most of new technologies for ideation. This translates into a regular use of Immersive-Storming (the expression we use to designate the immersive version of brainstorming) since it is the best method to activate the six levers previously mentioned. This ideation technique is detailed later in this book.






	1 Technique consisting of following users “like their shadow” in order to understand their activity and the associated constraints.















  
    





5
Some Creative Problem-Solving Methods: TRIZ, C-K, CPS, Design Sprint


Great ideas are like air, everyone breathes them, everyone feeds on them.


ALAIN




5.1. The TRIZ method


TRIZ is a method of inventiveness rather than creativity in the sense that it is exclusively about solving technical problems to improve a technology. TRIZ is a Russian acronym that, when translated, means “inventive problem solving theory”.


The story began in the 1940s, when a Soviet engineer by the name of Genrich Altshuller and his teams began analyzing hundreds of thousands of patents in order to identify the main principles that guide innovation. He found that most inventions were based on a limited number of geometric, physical or chemical principles. He thus listed 40 general principles at the origin of most inventions. Thus, an engineer faced with a technical problem can apply one of these principles to find an innovative solution.


Problem solving with TRIZ consists, first of all, of translating the problem to be solved in a more abstract way to make it independent of its physical domain by describing it in the form of contradictions. Then comes a generic problem-solving stage. It is a question of identifying the means of solving the contradictions identified. The proposed solutions are also generic, that is, independent of the physical domain of the initial problem. Finally, the third stage consists of making the generic solutions imagined to solve the specific problem concrete.




[image: Schematic illustration of the problem-solving approach with TRIZ. ]

Figure 5.1. Overall schematic representation of the problem-solving approach with TRIZ. For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip




To make the contradictions abstract, 39 generic technical parameters leading to the technical systems being defined have been outlined. The abstraction phase then consists of describing the problem in terms of contradictions between generic parameters among the 39. These parameters are, for example, weight, length, surface, volume, energy loss, time loss, etc. A contradiction in the sense of TRIZ refers to the fact that the improvement of a parameter implies the degradation of one or several other parameters. A matrix of technical contradictions then allows us to identify the solution principles that can be implemented to resolve each possible contradiction, which means improving one characteristic without degrading the other. Among the 40 generic principles, we find for example segmentation (dividing an object into independent parts), vibration (making an object vibrate) or porosity (making an object porous).




Finally, the TRIZ method includes a method for combating psychological inertia, that is blockages in the resolution of the problem. The principle is for operators to ask themselves questions about the size of the object, time and costs. For example, “what would happen if the system was tiny?” This method frees up the team by forcing them to reformulate their questions.






5.2. The C-K theory


The C-K theory is a formal model of reasoning followed by the designer when he or she imagines innovative solutions. This model is based on the separation of two “worlds” corresponding to two distinct categories of cognitive objects: concepts and knowledge. When the designer imagines something new, he or she actually generates new concepts. Then, he or she will activate new knowledge by going to see in reality what exists and which resembles the imagined concepts. This new knowledge evokes new concepts and so on. These two actions of generating concepts and activating or acquiring knowledge are complementary and feed each other.


It is in the space of concepts that innovations appear; this is the space of the imagination. The product on which the innovation is going to focus is subject to imaginary modifications in this space, for example by adding a property or removing a constraint. The passage into the space of knowledge makes it possible to transpose these concepts into reality. In order to conceive the object with the imagined modification, it is necessary to acquire knowledge that may be distant from that linked to the initial object. Thanks to this contribution of new knowledge coming from a different domain, the concept can be refined.


The acquisition of knowledge as we go back and forth serves both to improve the concepts and to validate their feasibility. It is thus a question of creating something entirely new and perfectly feasible at the same time.




This model was initially developed by Armand Hatchuel and Benoit Weil (2002, 2009), and was later largely enriched by a whole community of researchers.






5.3. Creative Problem Solving


Creative Problem Solving (CPS) is a method derived from brainstorming developed by Alex Osborn (the inventor of brainstorming) and Sid Parnes. In the classic brainstorming approach, all participants have the same role and the same rules apply to everyone. CPS is unique in that it is based on the fact that different participants will have different roles during the workshop. Each step of the process is thought of as a “breath” consisting of a divergence phase (the inhalation) and a convergence phase (the exhalation). These breaths are done for each of the following eight successive steps:




	– needs (identifying the goal or challenge to be met);


	– data (setting the context of the problem and collecting information);


	– objectives (stating the challenge);


	– ideas (generating new ideas);


	– criteria (assessing the appropriateness of solutions);


	– solutions (choosing the solutions to be retained);


	– adherence (establishing the schedule and providing the necessary means);


	– development of the action plan (implementing the solutions).





It is interesting to note that the authors advocate step-by-step breathing, that is, a divergence and a convergence, while not all the steps refer a priori to creativity exercises. For example, the step concerning data consists rather of specifying the context and the information useful for problem solving. However, the divergence in this case will aim to collect and note down all the potentially useful information, scanning very widely so as not to run the risk of forgetting anything, and the convergence stage will consist of structuring it to make it usable in the following stages. This breathing logic can be used in various kinds of projects, even if the project does not follow a CPS-type structure.


The participants will divide themselves among three possible roles:




	– the customer, who will carry the need thanks to a knowledge of the field and a presence throughout the process;


	– the facilitator, who will develop the application of the method by scripting the workshops and choosing the appropriate convergence techniques according to the constraints and objectives;


	– the resource group, which will produce the solutions and support the customer through the various stages. The resource group is likely to evolve in size and composition during the different stages. It can be involved in data collection, the formulation of objectives, but especially in the generation of solutions. In some cases, this group corresponds to the people who will have to implement the solutions. In this case, they will participate in the adhesion and development of the action plan.









5.4. Design Sprint


Design Sprint is an approach that aims to apply the different steps of Design Thinking in a short time, usually five days. This approach was developed at Google Venture by Jake Knapp. In the classical approach of Design Thinking, contrary to Lean Startup for example, we usually assume that the product we are working on will be released at the end of the project. While Lean Startup is thought to test concepts and eventually backtrack at a lower cost, Design Thinking is rather thought to iterate on the product in a user-centered way, and to make enough iterations by taking the time it takes so that the product is perfectly adequate with respect to the characteristics and expectations of the users.


Design Thinking is not an agile approach as such, unlike Lean Startup. We could say that Design Sprint consists of doing Design Thinking in an agile way. It is about going through the different design stages very quickly to get to the learning stage as soon as possible, to get real user feedback on the prototype and the concept.




[image: Schematic illustration of Design Sprint.]

Figure 5.2. Schematic representation of Design Sprint (from GV.com). For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip




Why five days? Because it is about applying one step per day, based on the five-step version of IDEO’s Design Thinking model.


Understanding: on the first day, the team will need to focus on understanding the target audience, its needs and the associated opportunities and challenges. It is also about defining the success indicators. The deliverable produced at the end of the day can be an experience map. 


Outlining: on the second day, participants will work individually to develop one or more solutions to the problems defined the day before. 




Deciding: on the third day, participants pool their solution ideas and methodically select those that seem most interesting to develop. The deliverable at the end of the day can be a storyboard describing the idea. 


Prototyping: on the fourth day, from the storyboard made the day before, the participants create a prototype that will be used to show the idea to future testers. 


Testing: finally, on the fifth day, user tests are conducted as realistically as possible with the prototype and at least five potential future users. 


In a classic Design Thinking approach, user tests only lead to recommendations to improve the prototype and continue the project. In the Design Sprint approach, we consider that the very idea that was tested in the prototype can be questioned according to the results of the test. The term “sprint” comes from agile methods and refers to the idea of producing something very quickly to test it and eventually abandon it if it is not relevant. Jake Knapp recommends involving a team of four to seven people in the sprint, including a facilitator called the Sprintmaster, a designer and a decision-maker who will be able to quickly make choices at the end of the sprint. The rest of the team ideally comes from different departments and fields of expertise (marketing, technical, etc.).






5.5. Lateral thinking


The notion of lateral thinking was popularized by Edward de Bono. The general idea is to adopt an original way of thinking about problems in order to identify solutions that would not be “findable” otherwise. It is about thinking “outside of the box”. In fact, if a problem has a solution that can be found by thinking linearly, a priori, this is not a situation in which fine creativity techniques need to be deployed. It is when this linear thinking is not enough that lateral thinking is the solution!




Edward de Bono suggests triggering lateral thinking by doing what he calls “provocation exercises”. These exercises consist of applying transformations to the problem or adding a random dimension to the search for solutions to trigger the inspiration of original solutions.


Thus, during the ideation workshop, participants will use provocations to generate more original ideas. Most of the time (unless the participants are very used to creativity techniques) they will not do them spontaneously. It is up to the facilitator to prepare the exercises, to teach them and to support them. A few examples of exercises to encourage lateral thinking are described below.


A participant selects a word at random. This can be done by opening a dictionary on a random page, or with a computer program (e.g. the “random page” button on Wikipedia). The participant next associates this word with the problem in order to generate solution ideas. For example, I came across the word “solitude” in a workshop aimed at imagining the coffee maker of the future. I then think that the coffee maker should be able to make coffee by itself without me having to systematically bring water and coffee to it every time or almost every time. I imagine a coffee maker connected to water (like a washing machine), with a very large supply of coffee and an automatic waste disposal system. If in a creative workshop, a dozen people individually “translated” this word “solitude” (and/or other words) into ideas, the results are likely to be rich.


Participants must justify and explain why the current object or service is the way it is. For example: why is my coffee pot shaped like this with a handle? Is it to make pouring easier or to protect from heat? If it protects from heat in another way (with a thermos logic), then the shape can be optimized for the sole purpose of pouring.


Participants choose something obvious and set out to disprove it. For example, it may seem obvious that the smell of coffee being made is pleasant and part of the pleasure of coffee for many consumers. In this exercise, for example, participants will explain that in a convivial moment, some people may find the smell of coffee pleasant, but others may well dislike it. By association, this leads to the idea that the coffee maker can be present in a room where several people are gathered and that the noise of the coffee maker can be annoying: a silent coffee maker can be a way of thinking about this.


Another technique is to ask participants to generate the top two or three most obvious ideas, and then not allow them to work on those ideas at first to force them to think differently.


Lateral thinking can be promoted by deliberately exaggerating the problem being worked on. For example, one tries to make sure that the users of the coffee maker know when the coffee is ready without being disturbed by a regular and unpleasant buzzer. It is an exaggeration to say that users forget when they have started the coffee, keep checking to see if it is ready when it is not, and then forget to take it and find it cold later. This leads to the idea that there needs to be visual cues indicating the level of progress (such as a gauge that fills up or even a countdown timer) that flashes to draw attention when it is ready. If the coffee has not been taken 10 minutes after its completion, the coffee maker sends an SMS to the user?


Finally, the utopia technique involves asking participants to describe their ideal device without any constraints of price or technical feasibility. For example, maybe the ideal coffee maker is voice-activated, responds to me, recharges itself, makes a different coffee every day, etc.


Overall, the objective of these techniques is to allow participants to take their thinking in different directions. The aim is to avoid vertical linear reasoning which can only lead to the most obvious solution, but not necessarily the most relevant one to solve the problem.






5.6. Synectics


Synectics is a technique conceptualized by William Gordon to facilitate creative problem solving. Etymologically, the word “synectic” refers to the fact of putting together (“syn”) elements belonging to different fields (“ectos”). It is in fact about making analogies with more known or better explored domains in order to draw conclusions about the problem.




Temporarily replacing a problem in a familiar domain with an equivalent problem in an unfamiliar domain allows for bolder, less mundane ideas. The idea is to transpose the problem in order to see it from a different angle. In this sense, it is an approach that promotes lateral thinking.


The synectic method is designed to be used with a group of 6–10 people. It is structured in such a way as to lead the participants to make many different analogies in order to see the problem from many possible angles.


Different types of analogies are made by the participants:




	– personal analogy, which consists of personifying an inanimate element;


	– direct analogy, which makes links of similarity between different domains;


	– symbolic analogy, which is based on wordplay, rhymes and poetry;


	– fantastic analogy, which consists of projecting oneself in the ideal solution (close to the technique of utopia).





Participants are asked to make these different types of analogies in succession and to propose ideas for solutions based on these analogies.






5.7. Detour techniques


To think outside of the box, Guy Aznar suggests using detour techniques. According to him, three successive steps are necessary to come up with original ideas. The first step, impregnation, consists of getting the problem into your head. If you start to diverge without having immersed yourself in the problem, you will tend to miss the point by proposing ideas that do not address it. Impregnation is the step that comes right after the problem is formulated. The participants are told what the problem is that we are trying to solve, and then we give them time to become imbued with it, to visualize it. The second step, distancing, refers to divergence, to the generation of various ideas without checking their feasibility. Finally, the third stage, cross-over, corresponds to the convergence, that is, the selection and validation of ideas.


Detour techniques are used to carry out the removal step. For example, deformation techniques consist of deforming the problem or cutting it into sub-problems. This category includes inversion of the problem, SCAMPER or crushing. Forced encounter techniques involve choosing elements of the problem and external elements, then deducing ideas from their encounter. For example, bissociation consists of combining two ideas coming from different universes to generate a new idea (the motorcycle and the skis to imagine the snowmobile, for example). Projections are techniques that consist of participants projecting themselves into the problem by putting themselves in the place of a person or an object, or by using visual aids (photos, drawings, objects) to stimulate the imagination. Dreaming techniques refer to making incongruous connections between elements and putting incompatible elements together to trigger ideas. Techniques related to graphics and the body refer to the means of expressing ideas through a graphic mode (drawing, making cardboard models, modeling, etc.) or the body (mime, stage play, etc.).






5.8. Discovery matrices


The discovery matrix is a powerful creativity technique conceptualized by Abraham Moles. This technique is also classified by Guy Aznar as a forced encounter technique.


The discovery matrix consists of guiding the idea generation of the workshop participants by making them confront different objects. For example, let us imagine that a furniture designer wants to invent an innovative piece of furniture. Of course, there are many ways to do this, but among them is the discovery matrix. The first step is to list the elements that will be confronted with each other in the matrix. This may be a list of furniture (bed, chair, table, etc.), in which case the exercise will generate ideas that will be combinations of different pieces of furniture, or it may, for example, confront a list of furniture not to itself but to a set of functions or uses. From these two lists, he or she builds a matrix with the furniture on the ordinate and the uses on the abscissa. The creativity exercise will then consist of writing innovative furniture ideas in each of the boxes of the table. For example, at the intersection of “coffee table” and “work on a computer”, ideas will be written concerning this furniture and this use, for example a coffee table whose height can be adjusted with a pedal, a coffee table with integrated electrical outlets or a touch table.


The discovery matrix is therefore both easy to implement and an effective way to quickly explore ideas for solutions that would not necessarily have been found spontaneously and that nevertheless remain in a relatively realistic universe, since they are usually hybridized from existing elements.








  
    





6
All-Terrain Ideation Techniques: Brainstorming, Brainwriting, Brainsketching, Bodystorming and Immersive-storming


If you want something you’ve never had, you must be willing to do something you’ve never done.


PERICLES




6.1. Brainstorming


In the 1940s, the American advertising executive Alex Osborn noticed that many of the meetings in his company, when they were aimed at finding innovative solutions, only resulted in compromises or discussions without achieving any validation. The problem, he said, was that whenever a new idea was shared, meeting participants tended to block it by immediately assessing its feasibility. He then proposed to establish rules that would allow for two distinct steps in the generation of ideas (divergence) and their selection, validation and development (convergence). Brainstorming was thus born. To be able to carry out the first step correctly, he established that the participants must focus on quantity rather than quality, that they are not allowed to judge the ideas, that the eccentric is allowed and even encouraged and that it is advisable to bounce off the ideas of others to generate new ones.




Brainstorming is a method of collective ideation based on the creativity of participants. It is generally used with a group of 8–10 people, although it is possible to brainstorm with three people for example. A brainstorming session aims to collectively come up with a limited number of creative ideas on a given topic. A brainstorming session is typically conducted in the following manner:




	– explanation: participants need to understand what method is being used, what the steps are and why these steps are relevant;


	– formulation of the problem for which the participants must propose ideas for solutions;


	– announcement of the rules: no criticism, open-mindedness, all ideas are good to formulate, bounce off the ideas of others;


	– divergence: the participants throw out their ideas and everything is noted down so that the ideas are visible to everyone (to encourage associations), this can be on a board for example, or a paper-board. There are also solutions on tablets projected on a large screen;


	– organization: similar ideas are deleted and ideas that seem to belong to the same category are grouped together with the participants. The categories can be given a title;


	– selection: participants will indicate the ideas they think are most interesting to bring to fruition.





Group brainstorming allows everyone to find inspiration in the ideas of others. The group thus generates successive associations of ideas that enable going further than this type of individual work.


In order to avoid various deleterious effects of social influences linked to the fact of expressing one’s ideas publicly (Fleury et al. 2020a), we recommend carrying out a first round of written brainstorming, with the participants individually filling in Post-it notes, which they will then stick to the board.


Sometimes, the behavior of certain participants tends to interfere with the smooth running of a brainstorming session. For example, a participant may insist on defending their ideas and putting them forward, claiming ownership of them, or making their involvement conditional on the fact that the proposals are in line with their initial idea. Conversely, it can also be a participant who seeks to moderate the possible risks of conflict, thereby limiting the expression of varied and contradictory ideas. In such cases, it is the role of the facilitator to reframe participants whose behavior is detrimental to the brainstorming. Reframing must be done in a delicate and proportionate way, by reminding the participants of the rules they have previously approved.






6.2. Brainwriting


Brainwriting is a creativity technique derived from brainstorming, but which has the particularity of being practiced entirely in writing. The principle of brainwriting is that each participant has access to the ideas of the previous participants at each turn to provide opportunities for association of ideas or inspiration. This method retains the main advantage of brainstorming, that is, it encourages the association of ideas, while allowing for a better control of the social influence mechanisms that can degrade the group’s performance.


Brainwriting is an improvement of oral brainstorming which suffers from a number of shortcomings highlighted by several studies in recent years. It is known, for example, that participants in a traditional brainstorming session tend to give less original and fewer ideas when they are in a group than when they realize the discrepancy individually (Lamm and Trommsdorff 1973; Furnham and Yazdanpanahi 1995) because they tend, in a group, to inhibit their ideas which they think would not be understood by everyone (Stroebe et al. 2010).


The classic brainwriting procedure is as follows: each participant writes an initial idea on their sheet of paper, then passes the paper to the person on the right. Each participant must then add an idea to the sheet of paper they have received, building on the idea of the person on the left. This procedure continues until each sheet has gone through at least one complete round. Finally, each leaf is summarized. One way to facilitate the process is to use Post-it notes, one for each idea, to be added to the circulating sheets.


Since the participants’ writings are being circulated, it is important to make it clear that this is not a spelling exercise so that inhibitions on this point do not hinder the productivity of the exercise. It should also be made clear that drawings/sketches are welcome. If a participant does not understand the idea, they should not verbally question the person next to them, otherwise the silence necessary for brainwriting would be broken. Instead, they can send their sheet back with a request for clarification. Finally, the facilitator can regulate the rhythm of the sheet’s passage “by feel”. They are not obliged to wait until everyone has written down an idea, and it is not a problem if not everyone has done so. They can also decide to do a second round with the same sheets if they think that it could be fruitful.






6.3. Brainsketching


There is a variation of this exercise called “C-Sketch” for “Collaborative Sketching” (Shah et al. 2001). This “brainsketching” technique consists of giving a blank piece of paper to each participant. They are then asked to produce three sketches of ideas, each one responding to the problem. After a few minutes, the papers are passed by each participant to the person on their right. They then have time to add modifications or new ideas. The process is repeated until each paper has been passed through all hands. This exercise can be done with groups of three to eight people. Participants should not talk during this exercise. This has the advantage of forcing them to interpret the sketches, as ambiguity can be useful in terms of creativity, but it also allows the more introverted to express themselves as much as the others.


Brainsketching leads to an improvement on average in the quality of the ideas generated compared to brainstorming and also a gain in terms of quantity (Choo et al. 2014). However, brainsketching does not particularly improve ideas in terms of variety or originality, and even decreases performance on these aspects when compared to brainstorming done individually (Choo et al. 2014).








6.4. Bodystorming


Bodystorming is a kind of body brainstorming, a useful method for empathy work, idea generation and prototyping. Bodystorming is a facilitation technique that allows us to physically experience a situation and draw out new ideas to develop. The purpose of bodystorming is to physically test a situation. It can also involve changing the environment while developing ideas. We bodystorm to generate unexpected ideas, to facilitate empathy and identify pain points, or to consider alternatives to existing solutions. In other words, we can bodystorm at the very beginning of a project to identify needs, midway through to define a solution, or further downstream to test a prototyped solution. Ergonomists could consider bodystorming as a user test of a situation. User testing consists of observing the interactions between a potential future user and a technology in a context that is as realistic as possible in order to identify problems related to usage and to deduce improvements to be made. Bodystorming is a process similar to user testing in its goals and to some extent in its methods, but it focuses more on the interaction with an environment and a situation than with a technology.


As part of a training course for professionals, we conducted a workshop on the experience of traveling by train. It was an empathy approach whose objective was to identify a certain number of needs or pain points of train users during the journey. In the palette of methods used in this training, a bodystorming session was carried out. Without any real requirement of precision, the dimensions of a train car were reproduced with chairs aligned in a more or less realistic way. We carried out this exercise in two stages. In the first stage, the participants could take accessories that corresponded to what they might have in their bag when they take the train. They would then go and set up with their things as they do when they actually travel, and then they would act out the scene by describing their actions aloud. For example, one participant might take a novel out of his or her bag and dive into it while another spoke to another passenger. At one point, a facilitator enters the area wearing a hat and announces that he or she wants to check tickets.




Once this sequence is over, participants will have to repeat the staging, but with a different role. Each participant chooses a role card describing a persona (the one who relies on the hour-long commute to complete their night’s sleep, the one who intends to have breakfast during the commute, the student who is studying, the executive who is dealing with his or her emails, etc.) and has to interpret it. With participants who are not used to this kind of approach, it is preferable that the role cards be very detailed and even scripted because the main interest is not in the improvisation but in the fact of realizing the needs by observing and living the scene. That being said, if participants are able to develop some improvisation, the cards can be less scripted and the exercise will be more fun and memorable.


Ideally, it is possible to film the sequences being played. Then, at a later stage, if possible on the same day, participants can watch the video and take notes on what they identify as difficulties or needs. By looking at the whole scene, they will see, for example, that one person is afraid of missing his or her stop because he or she cannot see the names of the stations, or that another is disturbed in his or her studies by passengers who are talking, etc.


It is also interesting that participants give their feelings about what they have played. Indeed, the feeling is sometimes very different from what the behavior might suggest. For example, when the ticket inspector arrives, a character may be courteous and smiling, but actually be embarrassed to have to interrupt his or her reading, get up to pick up his or her bag and search it for his or her ticket.


As mentioned above, bodystorming could also be used to test a solution idea. For example, it would be possible to replay scenes in which something has been changed, for example the ticket inspector passes by, but he or she does not need to disturb the passengers because he or she knows which seat numbers are sold or not. In this example, the scene could show the limits of this idea through the arrangements between passengers to exchange their seats.


For a bodystorming session to be effective, the participants’ commitment must be total. Therefore, it is important not only to get them to a high energy level before starting, but also to explain the process to them so that they understand it and adhere to it.


Generally speaking, the more realistically the environment is simulated, the more relevant the exercise is. However, not all contextual elements are necessary depending on your objectives and, in some cases, unnecessary details may even over-focus participants’ attention.






6.5. Immersive-storming


We have chosen to call immersive-storming the practice of carrying out the equivalent of brainstorming in virtual reality. This practice deserves a specific name because it is (after brainstorming, brainwriting, bodystorming or challenge-storming, which emphasize the commitment of the participants) a new evolution of practice which is based on principles that increase the performance of creative workshops.


The principle of immersive-storming is to use immersion to boost the generation, selection and elaboration of ideas by using different virtual levers that promote creativity (avatars, inspiring environments or allowing the solution to be tested in virtual reality, immersive drawing and visualization tools) and that are detailed in the following chapters of this book.


Several works show the added value of virtual reality for ideation (e.g. Feeman et al. 2018; Yang et al. 2018) and notably several research studies conducted by our team (e.g. Fleury et al. 2020b; Mille et al. 2020).


Virtual reality equipment is becoming less and less expensive and less and less restrictive: elimination of wires, sensors, sometimes even the computer, improved ergonomics and comfort, etc. In parallel, in terms of software, the choice is widening and many tools are more and more adapted to immersive-storming.




We have seen above that brainstorming avoids the inhibiting effects of judgment regarding the generation of ideas by separating in time the stages of divergence and convergence. Brainwriting avoids certain negative effects of social influence that are detrimental to performance (difficulties in speaking in public, influence of other participants, etc.). Bodystorming uses the same mechanisms by exploiting the fact that individuals tend to be more creative when they are physically in motion, active and standing. Finally, challenge-storming exploits the mechanisms of motivation through competition or coopetition. Immersive-storming allows the different approaches to be made compatible in order to add their advantages. The use of virtual reality lends itself particularly well to the fact of standing and moving during the workshops.


Immersive-storming is conceptualized in connection with the Time to Concept approach because the latter is characterized by the principle according to which each step of the innovation process should be based on the use of the most relevant technology for that step according to the type of project. Immersive-storming is naturally a frequent way to conduct creativity workshops when using a Time to Concept approach. However, brainstorming in virtual reality is just as relevant in a project following a Design Thinking or even Creative Problem-Solving approach for example.








  
    





7
Immersive Tools for Every Innovative Situation


People don’t always remember what you say, or even what you do, but they always remember how you made them feel.


MAYA ANGELOU




7.1. Design in virtual reality


To enable non-designers to get involved in design projects, new methods are needed. Co-design, when carried out with the right methods and tools, provides equal opportunities for all participants with diverse skills to co-create ideas simultaneously. However, current co-design processes involving these users tend to limit their contributions to the proposal of basic ideas, only through brainstorming. The co-design approach needs to be enhanced by a suitable representation ecosystem that promotes active participation (Dorta et al. 2019).




7.1.1. The natural gesture


Some areas of design do not lend themselves well to pencil sketching. This is the case, for example, for the design of car lights, which is not limited to the shape of the headlight, but requires visualizing how the light will look when it is on, on the vehicle and with a realistic lighting context. Thus, the only real alternative to real testing is three-dimensional (3D) simulation. For this specific domain, modeling with a game creation engine allows for rapid prototyping of ideas, and virtual reality allows for visualization of these prototypes to test their impact (Ekströmer et al. 2019).


Emerging technologies (virtual and augmented reality, artificial intelligence, connected objects, etc.) can provide tools for activities related to the innovation process and more specifically during the creativity phase. It is therefore necessary to adopt a user-centered approach in order to identify the most appropriate tools to support it. This involves studying the human factor in order to understand the mechanisms put in place and the cognitive resources mobilized during the various activities implemented in the innovation process.


When we draw a 3D object on paper, tablet or with a mouse, we actually perform important mental transformations because the correspondence between the gesture and the shape of the object is not direct. In virtual reality, we can draw directly with the gesture corresponding to the shape of the object. We could say that “what you sketch is what you get”.


It is customary to consider that in order to be creative, the media used must be simple and uncluttered to avoid distracting the user (Kosmadoudi et al. 2013). Also, in an effort to simplify creativity tasks, some recent work has highlighted the potential of virtual reality tools over traditional tools in this area. For example, Yang et al. (2018) compared the performance in a creativity task between a “paper/pencil” condition and a “virtual reality” condition. The use of virtual reality in this study allowed the creativity task to be treated as a 1:1 drawing activity, which led to better creativity performance than drawing by hand (Rieuf 2013). Following a similar logic, Feeman et al. (2018) compared the use of CAD software with a virtual reality tool-based equivalent. Again, the simplification of interactions resulting from going through the users’ natural gestures tended to facilitate creative tasks. Moreover, this idea that natural gestures are beneficial to creativity is commonly accepted (e.g. Nakagawa 2005). By simplifying interactions, cognitive resources are less mobilized for the use of the tool and more available to respond to the creativity task.






7.1.2. Links with CAD


Virtual reality CAD software is an environment in which users can interact with and visualize CAD models, as well as use CAD functionality. There are a number of applications that allow users some basic CAD functionality to create relatively simple models. It is also possible to import CAD models in order to visualize them in virtual reality. Indeed, it is difficult for designers to perceive and evaluate the properties of future products if they are not able to appreciate them in a multimodal and 3D way. It is important to allow users to work with models created on other tools or with data from 3D scans. The applications allow users to create models using prefabricated shapes. These shapes can be manipulated, resized and positioned as needed. Once the model is created, it can be exported as a file for use with a 3D printer or for use by another user of any type of CAD software. Importing a CAD model into a virtual environment allows for better visualization. By being able to move around the model, an engineer can identify potential problems in the future manufacturing of the part. In addition, it is possible to design models directly in a virtual environment in traditional CAD software by using a specific virtual reality interface that will make the link between the two worlds. This is the case of Time2Craft, developed within our team. This software works with Solidworks open, and enables realizing immersion models for headsets, by creating forms directly with the controllers. The interest is to benefit from the natural gesture linked to virtual reality while producing content that can be directly used in CAD. This approach is relevant to begin the design phase, after the end of the ideation phase, or to create the first presentation-sketch.






[image: Snapshots showing Time2Craft.]

Figure 7.1. Screenshots of Time2Craft (top and bottom left): simple shapes can be made in a very clean interface, directly in CAD software (bottom right). For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip








7.1.3. Comparison of sketching tools


Tool comparisons for drawing have been the subject of much research in recent years. In a study by Calderon-Hernandez et al. (2019), a comparison was made between 2D drawing and immersive 3D modeling in virtual reality to model the same structure. Participants were asked to perform operations that required viewing the models in both conditions. The results indicate that the virtual reality version of the tool allowed for more accuracy in the activity, in the perception of the models and a better memorization of the visualized models.


Lee et al. (2019) explored differences in designer cognitions and creativity related to the use of a 2D or virtual reality design environment. The experiment focused on sketching activity, that is, the ideation phase. Ten fashion designers participated. Half of them used Photoshop CS6 with a digital pen while the other half used an immersive 3D drawing tool (Google Tilt Brush). The goal of the participants was to draw a woman’s dress in 20 seconds and then in 30 seconds. For this task, the performance was superior with Tilt Brush in terms of creativity. The authors explained that the fact of changing point of view in virtual reality led the participants to evaluate their initial idea and to change their mind. Conversely, the 2D drawing tool led designers to iterate to elaborate their initial idea, rather than to change their idea in a divergent thinking logic.


Yang and Lee (2020) conducted a study focused on identifying the cognitive impact of sketching in virtual reality for the concept generation phase. Here again, the aim was to compare the performance of designers generating concepts by sketching in virtual reality with designers making these sketches with paper/pencil. According to the authors, sketching in virtual reality stimulates visual-spatial cognition that transforms and reconstructs initial ideas to generate new concepts.


Spatial inspection behavior, which consists of changing the point of view by turning around the object in order to observe it in a general or specific way, is considered as a key behavior of the sketching activity in virtual reality. The different experiments show that users perform spatial inspections very frequently during the sketching process. The fact that virtual reality significantly facilitates spatial inspections would be a major reason for the improved performance, as it would induce an extension of ideas in space, an increase in idea transformations and a more holistic approach (Drey et al. 2020).


As we mentioned above, the sketches made in the ideation phase are generally made on paper, or in the worst case on a CAD software with a keyboard and a mouse. These two uses have been experimentally compared to a virtual reality equivalent for tasks involving imagining new products. In the study by Yang et al. (2018), participants were asked to represent a technological object with the properties of a smartphone that was not a connected watch. In one condition, they had to perform this ideation task in an immersive 3D drawing environment while in the other condition, they had to perform their sketches on paper. The results indicate that the participants were more creative with virtual reality than with paper. According to the authors, the virtual reality tool is conducive to inducing a state of flow in the participants, which is conducive to creativity. In Feeman et al.’s (2018) study, participants were asked to design a chair, either in virtual reality or with computer-based CAD software with a keyboard and mouse. Looking at the productions of the different participants, we see that on the computer the modeled chairs are very simple. They often resemble the most minimalist representation of a chair possible, that is, four legs and a straight backrest. It seems that the participants, faced with an unsatisfactory use of the tool, considered that the task was finished as soon as their production resembled a chair. The models produced by the group of participants using virtual reality were more original in their form, and also more complex. It appears that with the immersive tool participants were more engaged in the task, and even when their output looked like a chair, continued to work to add additional elements. Virtual reality sketching is clearly a superior alternative to paper/pencil and CAD software. Adopting an immersive sketching solution is therefore a simple way to increase the speed and quality of the innovation process. Mille et al. (2020) shed additional light by comparing paper/pencil, virtual reality sketching, virtual reality modeling and CAD with keyboard/mouse in the same experiment. This comparison involved an idea generation task for improving an existing product. The results indicate that tools that allow freehand sketching are better at promoting fluidity in idea generation. In addition, virtual reality tools were superior to others in terms of user experience and satisfaction.








7.2. Co-design in virtual reality


Virtual reality offers a unique potential for immersive remote collaboration. Virtual tools, especially since the arrival of powerful virtual and augmented reality headsets, can be integrated into a workflow that places the human being at the center of the creative process by simplifying local and remote collaboration.






7.2.1. Information capture in virtual reality


From recent studies, we know that virtual reality is more effective in creating new object concepts than pencil and paper (Yang et al. 2018) or CAD (Feeman et al. 2018) for a single person. However, creativity workshops classically rely on group methods, such as brainstorming. During these, ideas are often kept in written form, whether on Post-it notes, posters or minutes. In virtual reality, this need to take notes remains because it is often necessary to transmit to other people what happened during a creativity workshop and to keep a written record. While virtual reality can improve performance on creative tasks, the written format may still be an inescapable way to communicate ideas to outsiders. In our team, we have identified three complementary solutions for taking notes during meetings in a virtual environment: the drum-like keyboard (virtual keyboard on which one taps as if with sticks on a drum), generic speech-to-text (when I activate a button, it transcribes the words of all the individuals) and individual speech-to-text (when I press a button, it transcribes my words only; Agnès et al. 2020).




[image: Schematic illustration of the drum-like keyboard.]

Figure 7.2. On the left, the drum-like keyboard, and on the right, the individual text-to-speech microphone, and the collective text-to-speech recording. For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip








7.2.2. Asymmetrical collaboration


Within the framework of the research and development activities conducted by our laboratory, we are obviously very regularly led to recommend the use of virtual reality for ideation, or to use it ourselves in this context. However, creativity activities are often conducted with a large number of participants, a dozen or more. It is then difficult to imagine organizations with each participant using headphones at the same time, for reasons of availability of material (headphones + computers), and also of physical space. Finally, even if it is less and less frequent due to the improvement of headsets and applications, some people tend to be uncomfortable if they stay under headset for a long time. For these reasons, it is essential to think of organizational modes that allow both the inclusion of virtual reality to benefit from its advantages, while taking into account the constraints of equipment and individual sensitivity.


The most obvious solution is to offer asymmetrical collaboration modes, that is, users collaborate, but with different hardware. A given user may be using a headset while the others are on a computer, for example. The development of hardware diversity and interaction modes suggests that asymmetrical collaborations will become more and more frequent in the future. This raises many questions not only in terms of the design of applications that will have to take this constraint into account, but also in terms of working methods.


Designing with users wearing headsets at the same time is only one possibility among others, and in addition to the material constraints it imposes, it is therefore not always the most relevant. During the creativity workshops led by our team, we usually have a large screen or a video-projection allowing the people present to see in real time what is happening in the virtual environment, to comment and to propose ideas, especially to the people using headphones. In some cases, it is also possible for some users to view the productions in augmented reality from a smartphone or a tablet.






[image: A photograph of one user immersed in a headset while the second user views the environment on a large screen.]

Figure 7.3. Example of a collaborative work situation with one user immersed in a headset while the second user views the environment on a large screen, commenting on the actions of his or her colleague. For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip




The limits of traditional face-to-face brainstorming have already been mentioned. The methodology itself, which is based on the principle of collective intelligence based on the association of ideas from one person with those of another, has already been criticized. However, a limitation of traditional brainstorming is also linked to its face-to-face nature. Individuals display their real physical appearance while it is known that it is possible to improve the performance of a group with well-chosen avatars. They are present in a room that cannot be reconfigured ad infinitum, unlike a virtual environment. It is also difficult to consider certain settings for brainstorming in real life for reasons of feasibility or cost (such as a brainstorming session at the top of a mountain peak), whereas virtual reality allows you to choose exactly the most suitable setting to optimize the session. We would like to add that, currently, an important part of this optimization comes from the fact of applying in virtual reality knowledge from work in a “tangible” context, such as the knowledge that a brainstorming session will be more effective in the middle of nature, which allows virtual reality sessions to be held in natural settings that would not be physically accessible (at the foot of an exotic waterfall, for example). However, the possibilities of virtual reality obviously go far beyond simply reproducing things that work well in real life. There are probably levers that have not yet been identified and that virtual reality will activate.








7.2.3. Affordances and constraints for immersive-storming


Fromm et al. (2020) published a study in which participants carried out a series of brainstorming sessions in virtual reality using the Vtime XR software. They identified a certain number of points of vigilance which may concern the design of the tool or the choice of scenery or animation. In particular, and contrary to what one might imagine, the affordances are not always positive for the good progress of an immersive-storming session and the constraints are not always negative. It is easier to stay focused on the task than during a face-to-face or on-screen brainstorming, although a very esthetic setting full of details to explore may appear “more interesting” than the task itself, at the risk of seeing participants drop out.




[image: Schematic illustration of the affordance and Constraint network.]

Figure 7.4. The “Affordance and Constraint Network” (according to Fromm et al. 2020)




The “Affordance and Constraint Network” describes the links between the characteristics of the technology used and two known negative effects in brainstorming: production blocking (due to the fact that others are talking) and evaluation apprehension. Thus, one characteristic observed is that there is a delay in the transmission of sound which tends to make the exchanges less fluid. The consequence is that very quickly the participants adopt a more respectful mode of communication by trying to be careful not to cut off their partners’ speech. This implies an increase in waiting time and their level of vigilance toward the reactions of other participants, to the detriment of their own train of thought. Having to focus on the form of the exchange ultimately prevents them from focusing on the idea generation itself. This phenomenon is what the authors call “production blocking”. To brainstorm in virtual reality, it is therefore very important to ensure that there is no delay in the transmission of sound.


The second negative point highlighted by the authors is related to the management of facial expressions and people’s gestures. The expressions are managed automatically by the software to make the avatars more realistic. The consequence of this choice is that these expressions do not necessarily correspond to the real expressions or feelings of the users. This triggers an uncertainty of the participants about the reactions of the other participants and contributes to generating an evaluation apprehension. In addition, it forces them to be more vigilant with regard to the reactions of others, thus accentuating the blockage of production mentioned above.


Thus, according to Fromm et al. (2020), virtual reality brainstorming avoids two of the four negative effects classically observed in tangible brainstorming:




	– social comparison, which consists of feeling in competition with the other members of the group whereas it is a collaborative production;


	– cognitive inertia, which corresponds to the fact of remaining stuck on one’s own initial ideas without really finding interest in the ideas of the other participants.





Mitigating these two effects is an important strength of the tool for effective brainstorming. The two negative effects correspond to precise and identified technical points: the bad management of expressions and gestures and the delay of sound transmission which both harm the quality of social interactions. It is therefore important to make sure that these two aspects are well taken care of when choosing a brainstorming application.






7.3. Types of immersive applications for creativity


When we talk about the use of virtual reality for innovation and more specifically for ideation, it actually refers to a whole set of different categories of applications and uses.


First of all, and as has been demonstrated on the basis of numerous scientific research studies already mentioned, virtual reality offers an important potential for ideation in the form of drawings or sketches. There are freehand drawing tools in which the user makes sketches in 3D. Some tools work more with a sculpting logic in the sense that the user will have the sensation of adding or removing material. Finally, the third major type of tool consists of creating 3D shapes from deformable primitives. These different tools can be used individually or collectively, but also asymmetrically (one user using a headset, another in front of a screen, for example) and asynchronously (the users do not connect at the same time, but continue the same work). The immersive sketching tool can really take place in a brainstorming session in which the sketching is fast, the ideas are quickly drawn freehand and selected in a second time. This solution has the advantage of immersing users in an environment relevant to the question they have to solve.


Immersive technologies are also used for ideation through visualization tools. It is not uncommon for brainstorming sessions in companies to focus on technical problems to be solved. The fact of visualizing in immersion the elements can constitute precious help because it allows for realizing the real proportions more successfully. For example, making design choices by moving physically in a virtual version of the place facilitates decision making considerably.






[image: Photos depict augmented reality visualization of a 3D mechanical part.]

Figure 7.5. Augmented reality visualization of a 3D mechanical part with an animation showing the direction of flow in the part. For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip




Immersive meeting tools can also be used for ideation activities, especially when the participants are working remotely. These tools are by nature more adapted than classic videoconferencing tools for creative activities because they can be used standing up, in an active posture, or even in motion, which is an important prerequisite to increase creativity. Then, it is important to select the right tool according to the useful functionalities of the workshop and the type of animation desired. For example, some tools allow you to import and manipulate 3D parts, images to make a presentation, to make drawings or to post Post-it notes.




[image: Schematic illustration of virtual reality meeting situation in our team with presentation of results graphs.]

Figure 7.6. Virtual reality meeting situation in our team with presentation of results graphs: instead of displaying a slide show on a screen, the graphs are spread out on the walls of the virtual room. Thus, during the presentation, the facilitator and his colleagues move around the environment, viewing each graph as they would move from painting to painting in a museum. For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip




For ideation sessions on specific subjects, it is sometimes possible to find applications with very precise functionalities. For example, a creative work around the shape of future car lights or office lamps could gain considerably in efficiency if it is carried out in immersion in a virtual environment simulating in a realistic way the light in the environment according to the modifications of forms carried out. In the same way, if the question concerns the design of a place, a solution allowing to scan the place in question, to cut directly in the point cloud and to move the cut objects saves a lot of time by “testing” them directly in immersion.






[image: Schematic illustration of Cokoon application developed by our team.]

Figure 7.7. Cokoon application developed by our team, allowing to cut freehand in a scanned point cloud in order to quickly test in virtual reality rearrangements of existing environments. For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip




Virtual reality applications can also be used as icebreakers or creative warm-up activities. Many virtual reality applications have an immediate fun aspect that lends itself well to this type of role. Participants can play an immersive “Pictionary” game and at the same time get to grips with the sketching tool that will be used for the next activity, but they can also find themselves in a fairy-tale environment (that you could not reproduce in real life) to gradually let go of the creative divergence activity to come.




[image: Schematic illustration of the application �La plume et la lanterne�.]

Figure 7.8. Application “La plume et la lanterne” (the feather and the lantern) designed by students of Arts et Métiers as an immersive experience that is both playful and contemplative, conducive to letting go. For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip






Finally, virtual reality applications can play a role in terms of inspiration for ideation sessions. For example, one can imagine moving in a virtual showroom showing different vehicles before working on the improvement of a body, or in very different virtual apartments before working on a home automation device.






7.4. Choosing the right creativity tools


Based on the thesis work of Charles Mille (2020) conducted within our team, we have identified seven main factors determining the choice of the appropriate tool for a creative exercise: the type of project management, the individuals, the situation, the need for traceability, the geographical organization of the team, the level of progress of the project and the type of product/service designed.




[image: Schematic illustration of the seven categories of determinants of creativity tool choice.]

Figure 7.9. The seven categories of determinants of creativity tool choice




The type of project management. This corresponds to constraints and to a general philosophy that indirectly implies certain choices of tools. Lean Startup was created to save a maximum of time and to allow for backtracking. This implies that the main characteristic of the tools that will be used in this type of project will be simplicity and speed. Design Thinking is a user-centered iterative approach in which we may be led, for example, to brainstorm directly with future end users. Thus, we may have to select tools for their affordances allowing novices to use them directly. The Time to Concept approach is specifically designed to integrate the uses of virtual reality. In particular, it leads to giving a lot of importance to the communicability of ideas because it necessarily implies a stage of communication of ideas between the experts and the client company.


Individuals. Depending on the individuals present, the type of tool that will support the ideation process will vary. A very innovative and stimulating tool can be a motivating vector to engage colleagues who are not very enthusiastic. Three types of individuals’ knowledge are also to be taken into account:




	– knowledge of creativity methods (participants used to creativity methods can more easily adapt to original approaches);


	– the mastery of design or ideation tools (some tools are not very appropriate for novices, others are very accessible);


	– and the knowledge of the field in which the future innovation takes place (if I have little knowledge, a collaborative tool allowing me to rely on more specialized colleagues can be beneficial).





Finally, the profession of the people involved is important because it is likely to determine to a large extent the points previously mentioned: motivation for the project and the three types of knowledge.


Situation. Many design professionals are accustomed to carrying a notebook with them at all times because they know that in their everyday lives, their brains continue to make associations outside the realm of consciousness and that an insight is likely to arise at any moment. The situation will thus contribute to determining the choice of tools. The designer in a restaurant with a client can be led to draw on the tablecloth if they find interesting ideas to explore together. It is then necessary to cut out the piece of tablecloth, or at least to take a picture of it! A designer who travels to a client’s location does not necessarily have control over the room and the equipment they will have access to. In this case, they must deal with what they can carry and what they will find on site.


The need for traceability. As mentioned, during the design process, individuals are led to write down and sketch their ideas for different reasons. In general, this will serve as a medium for thinking about solving problems, as a medium for communicating ideas with colleagues, but also as a way of archiving the idea so that it can be taken up again in the next stages of the project. If you want to keep a record of the results of the workshop and depending on how you want to use this record afterward, the tool used will differ.


Geographical organization of the team. If the project team is grouped in a physical location, totally or partially, this leads to face-to-face, remote or co-modal creativity workshops. The type of tool used in the workshops is therefore strongly constrained from this point of view. Moreover, remote work can also imply a significant time difference, which naturally leads to asynchronous collaboration, making “persistent” tools essential, keeping track of the different participants.


The project’s level of progress. The earlier the project is started, the less expensive the tools must be to make mistakes. Overall, the tools will have to become more accurate, and the prototypes more faithful, as the project progresses.


Type of product/service. The design of a new service lends itself less to visual representations than the design of a product. Moreover, certain domains of product design are extremely standardized, like the design of buildings or cars for example, which implies specific dedicated software that one does not necessarily find in other domains. In any case, these domains require more ideation in the form of sketches, whether they are made on paper, tablet or virtual reality, where service design can be both sketches and verbally expressed ideas. Environmental design will involve sketching while lending itself particularly well to virtual reality tools that allow direct immersion with a realistic perception of future spaces.






7.5. Immersive tools for innovation project stages


Immersive technologies can be used for different types of activities in an innovation project. Their potential and their role will also vary according to the type of project management in which the team is involved. Among the different virtual reality tools mentioned, some may appear in a very recurrent manner in projects, such as playful or inspirational applications. Other types of applications will be used in a more targeted way.




7.5.1. Immersive technologies and Design Thinking


The first steps of Design Thinking, empathy and definition, aim to identify a set of needs and to choose the one that we will try to satisfy. This generally involves user research methods such as questionnaire surveys, interviews or even activity analysis methods such as shadowing. For these different ways of approaching these stages, immersive technologies do not have any obvious added value. However, it is quite possible to deal with the empathy phase through divergent creativity exercises (participants have to list a maximum of needs/frustrations/difficulties related to their current user journey) and then the definition phase corresponds to convergence exercises (sorting of ideas, categorization, selection). For creative workshops of this type, virtual reality applications that allow brainstorming and sticking digital Post-it notes have their place, especially for remote workshops, or even asynchronous workshops in a same room (the Post-it notes of previous participants are hung on the wall when you enter the room). As for any creative activity, it is also possible to use a playful or contemplative application in an icebreaker or creative warm-up exercise to encourage letting go. The ideation stage aims to imagine a solution that will satisfy the need identified in the previous stage. Here again, ideation is classically carried out in the form of a divergence stage in which the collaborators imagine a large number of solutions, followed by a convergence stage in which they organize and select the solutions in order to choose those that will be prototyped. Immersive-storming applications have their place. We wish to add that when it comes to imagining solutions, in particular technical solutions, immersive sketching tools are particularly relevant. Moreover, contrary to the previous steps, participants may need additional knowledge or elements of inspiration.


The prototyping stage consists of creating a version of the technical solution or a representation that will allow it to be confronted with potential future users in order to enter a design-evaluation loop. Generally speaking, this stage and the iterations with the testing phase lead to the design of low-fidelity prototypes at the beginning to reduce the time spent producing them in order to make mistakes at a lower cost and to increase the level of fidelity of the prototypes more or less progressively as the vision of the final product becomes clearer through testing. It is therefore a form of constant arbitration of the level of fidelity necessary according to the level of certainty and the time to be devoted to it. In some cases, certain virtual reality tools can lead to better compromises by increasing the fidelity of the prototype without necessarily increasing the workload to produce it. The contribution of virtual reality to these two stages depends on the nature of what is being produced (Wenzel and Meinel 2020). For example, it is understood that in the case of designing an additional feature of a mobile application, virtual reality will not be used for prototyping or testing. On the other hand, for many types of products or environments, virtual reality easily finds its place during these stages, as in the examples below.


The user composes dashboards (car, plane, boat, monitoring software) by manually dragging and resizing virtual components (speedometers of different types, lights, etc.). The testers are immersed and have to perform a task with this dashboard: either an interactive task if the application allows it (driving with the car on the virtual dashboard) or a cognitive task (finding such information quickly on the dashboard).


The user immerses himself or herself in the scan of a building, or even in the 3D model provided by the architects. They sketch freehand the layouts they plan to make and import 3D objects into the scene to position them. The testers will then immerse themselves to visit the place as it will have been fitted out to evaluate their feeling of space and the compatibility with what they will have to realize in this future place.


Future users immerse themselves in a virtual scene representing a cruise ship cockpit and they directly position what they imagine to be their workstation by taking into account and discussing constraints, such as so-and-so needs to see the sea from their workstation, so there should be no obstacle in front of them (Hollanti 2020).






[image: Schematic illustration of the uses of virtual reality in a Design Thinking project.]

Figure 7.10. Schematic representation of the uses of virtual reality in a Design Thinking project. For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip






7.5.2. Immersive technologies and Lean Startup


In the Lean Startup approach, the types of activities carried out with virtual reality tools are relatively similar to those mentioned above for Design Thinking, although the breakdown differs. In this approach, the applications for immersive-storming will intervene at the moment of hypothesis generation and selection. The immersive sketching tools will be used at the “build” stage to realize the Minimum Viable Product (MVP). During the “measure” stage, participants will be able to immerse themselves in the environment presenting the MVP in order to test it or visualize it to test their feelings. For example, the designer has sketched in virtual reality, or even modeled, a mobile wine cellar design based on the assumption that if the object is attractive enough, consumers will see an interest in having it in their living room (and therefore at the place of consumption). Potential future users immerse themselves in their scanned living room and position the mobile wine cellar where they want it and evaluate through a questionnaire the esthetic qualities, the practicality of the shape and their purchase intention.




[image: Schematic illustration of the uses of virtual reality in a Lean Startup project.]

Figure 7.11. Schematic representation of the uses of virtual reality in a Lean Startup project. For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip








7.5.3. Immersive technologies and Time to Concept


One of the particularities of the Time to Concept approach is that this method was designed within the framework of a chair on immersive technologies for innovation. This specificity explains why it is the method in which the integration of virtual reality technologies is most obvious. As explained above, the Time to Concept approach is particularly applicable as an open innovation approach in which experts will support a company in the identification of opportunities and the development of an innovative device. Brainstorming applications can be applied during the divergence and convergence stages. Convergence can also be supported by immersive sketching tools in co-creation between the experts and the company. Immersive 3D drawing tools can be used for prototyping and visualization/interaction with a headset for the testing phase.


For example, let us imagine that a company manufacturing pleasure boats wants to explore the opportunities linked to connected objects for possible future innovations. It does not have the internal skills and does not know if this is a promising avenue, so it cannot consider a specific recruitment at this stage. It then decided to deploy an open innovation process with the Time to Concept approach. Specialists in innovation methods help them to implement the approach. They contact experts in connected objects with real technical knowledge. These experts start by getting together to carry out immersive-storming on innovation ideas for the company, using virtual environments as inspiration media. Their ideas will come more easily if they brainstorm on a virtual marina, on a boat at sea, or in a production plant. After that, they will visit the company and exchange on their problems, then they will adjust their concepts on the points that were not relevant. The experts and the company then meet again for an immersive-storming in the most appropriate environment. If the ideas correspond to on-board applications, they can use a 3D model of a boat to present, select and refine them. To do this, they can use the sketching and 3D modeling functions. Thus, experts can represent bold ideas and people from the company can directly correct them, adjust them, so that it better takes into account the constraints. When the partners share the same vision, more precise virtual reality modeling tools can be mobilized, or even the addition of simple interactions or sound elements, for example, to make it testable.






[image: Schematic illustration of the uses of virtual reality in a project conducted with the Time to Concept approach.]

Figure 7.12. Schematic representation of the uses of virtual reality in a project conducted with the Time to Concept approach. For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip








7.5.4. Immersive technologies and the creative process


We examined the moments of intervention of immersive technologies in the conduct of projects according to the stages of the project. If we no longer look at things on the scale of the project, but rather on the scale of the creative process and therefore of the stages that are generally reproduced more or less directly during creativity workshops, we see that virtual reality will intervene both in regard to individual and group activities. According to Graessler and Taplick (2019), the stages of preparation, individual and group idea generation and idea validation can benefit considerably from the contribution of immersive technologies.






[image: Schematic illustration of the stages in which virtual reality applications intervene in a creativity workshop.]

Figure 7.13. Representation of the stages in which virtual reality applications intervene in a creativity workshop (according to Graessler and Taplick 2019). For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip














  
    





8
A Successful Immersive Experience for More Creativity


A permanent confrontation between theory and experience is a necessary condition for the expression of creativity.


PIERRE JOLIOT




8.1. The experience of immersed users


Coming to grips with immersive technologies is not always easy. It is relatively natural to guide a user who is using a mobile application, a Website or a computer software because on screens we are able to see what the user sees and does and we can therefore guide him or her by pointing to elements on the screen. In virtual reality, the user cannot see you if you are next to him or her. It is therefore impossible to show him or her something, to really guide him or her. The quality of the ergonomics of virtual reality applications is therefore even more crucial. Ergonomics and good practices to generate a quality user experience have been widely developed in the web domain, first on computers with keyboard/mouse usage. The singular characteristics of mobile devices, smartphones and tablets have given rise to new recommendations specific to these smaller touch screens, and intended for use by users who potentially do other things with their main hand and with part of their cognitive resources. This new category of hardware has radically changed the ergonomic constraints of virtual interface design.






8.1.1. Drawing inspiration from reality


An even more radical change in the approach to usability is emerging with the development of immersive technologies. Of course, we are not starting from scratch, but if user experience specialists are able to answer almost any ergonomic question for a PC or mobile interface, the unknown part in the field of virtual reality is still very important, thus constituting a vast territory to explore, not yet completely standardized.


The user of a virtual reality application is potentially standing and walking and that can in itself constitute, not a competing activity, but a form of interaction with the application. The viewing and interaction area is 360°. The question of organizing information in a limited screen no longer makes sense. In web ergonomics, it was already commonplace to draw inspiration from the tangible world to design virtual interfaces that are easy to understand by users because they refer to already acquired reference points. This is the case, for example, with Material Design. Because the correspondence between gesture and result is even stronger in virtual reality, being inspired by the real world to design applications is even more relevant to make interactions natural. An essential difference between virtual reality applications and mobile applications is that the former is supposed to lead the user to adhere, to “believe” that he or she is in a reality other than the tangible reality in which he or she evolves daily. He or she must have the feeling of being present in the virtual environment of the application. We can make the parallel with the phenomenon of suspension of disbelief coming from the world of novels and movies. The user knows that what he or she sees is not the tangible reality, but if he or she adheres to it, he or she accepts suspending this disbelief, thus to make as if he or she did not know that this reality was virtual and he or she will thus interact with the objects and feel emotions according to what he or she will experience in this environment.






8.1.2. A future standardization


While virtual reality is, for the moment, less standardized than the web, there are nevertheless ergonomic criteria applicable to these applications. First of all, as for any technology with which humans interact, the criteria of Bastien and Scapin (1995), although not specific, apply perfectly. Some of their criteria are even more important. For example, the homogeneity and coherence of using the same codes and interaction modalities throughout the experience are even more essential in virtual reality. In the same way, the general criterion of guidance is particularly essential in virtual reality. Guidance is comparable to a form of politeness. When you receive a guest in your home, you have to tell them what they can do, where they can sit, where they can put down their jacket, where they can get a drink, etc. In virtual reality, it is the same thing: the user who arrives in the application does not know what he or she can or cannot do. It is therefore a matter of skillfully using affordances or explicit indications to guide them and show them what actions can be performed. The general ergonomic criteria of Bastien and Scapin (1995) have been enriched by criteria specific to virtual reality by Bach and Scapin (2003).






8.1.3. User support


In any case, when you bring an individual to use a virtual reality tool for the first time, he or she will have to be supported. This support must reduce as much as possible the time he or she will spend being disoriented and trying to find what to do or how to do it. The demand for usability and learning time is constantly increasing. Today, if a user has to spend a few minutes fumbling with an application, he or she will tend to think that it is not practical to use. It is therefore important to ensure that users can immediately grasp the interaction methods, the application’s universe and the graphic charter. In some cases, you use an application with a self-sufficient tutorial to allow for easy appropriation. This is the only case in which your introductory presentation of the tool can be relatively brief.


Concerning the interaction modalities, there is a tendency to think that the person should be guided by voice while manipulating the tool with the headset on. This is a mistake. A novice participant is not familiar with the controller, has not identified the buttons or joysticks and will not be able to obey instructions because of this. The most effective solution is to give the participant a joystick and take one yourself in order to demonstrate the different gestures and buttons by asking him or her to imitate you, while naming the different interaction modalities in a simple way so that you can reuse these terms later (“press the trigger with the index finger”, “use the joystick via the push button”, etc.). Once you understand the commands, you can explain the main interactions: how to move in the scene, open the menu, grab an object, etc. As for most of the activities you will lead in creative workshops, it is also important to explain in a transparent way, before the participants are using headphones, what the nature and the goal of the experience they are going to receive and what is expected from them in this context. It is important to keep in mind that for novices there may be a certain fear of not understanding what they will have to do and of making fools of themselves in front of their colleagues. It is important to take this risk into account, both by adopting a benevolent and reassuring posture and by taking the time needed for everyone to fully grasp the tool. It is also important to make sure that everyone is busy to avoid having “spectators” who will observe the users of the immersive application by making comments. Finally, just like software on screen or a Website, an immersive application has a form of graphic charter, language and color codes. These different elements must be introduced to the participants beforehand if the tutorial does not do so explicitly. This can be done by showing screenshots of the application in a slide show so that everyone can visualize the codes before putting on the headset. Any difficulty of the participants once they have the headset could be badly experienced and will be more difficult for you to manage. Also, when participants are using the tool for the first time, do not hesitate to focus the presentation on the most important features, leaving out some of the more secondary features that can be explored later.


To a certain extent, the level of precautions to be taken when introducing the immersive tools can be more moderate in the case where the people concerned are not novices in the use of virtual reality. A good practice is, after the tutorial, to directly start a playful exercise in the virtual reality tool in order to take it in hand without being in the real exercise yet. This pre-exercise, if it is well chosen, plays the role of both a creative warm-up and training in the use of the tool. The ideal is to choose an exercise that will lead to the use of the tool’s functions, that is fun and creative. Typically, if your tool allows you to stick virtual Post-it notes of different colors on the walls, you can for example ask each sub-group to cover a wall in order to make a mosaic using the company’s colors.




[image: Photo depicts an example of an exercise used in our team.]

Figure 8.1. Example of an exercise used in our team to learn about Time2Sketch, our immersive drawing tool. The participants have to imagine and draw a logo for their team. For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip






8.1.4. Physical space planning


The layout of the place, the physical space, must be compatible with the virtual reality application used. Some applications require little physical movement while others require a lot. In some cases, teleportation devices can solve the problem. Some users tend to be anxious about the risk of bumping into each other and this is very detrimental to their immersion. Therefore, before they are using the headset, it is best to show them the real space and how they can find their way around in the virtual space to avoid bumping into each other. Often, novice users tend to remain relatively static not only in their movements, but also in their head movements. Sometimes it will be necessary to invite users to move and turn their heads, or to design the application so that it induces these behaviors in a subtle way. For example, if a virtual object moves around the user, he or she will tend to follow it with his or her eyes and thus notice that he or she can look around. Another possibility is to have large objects directly in the visual field that induce head movements to look at them in full. For example, if I see a vertical tree trunk in front of me, I will likely look up to look at the rest of the tree.






8.1.5. The psychological dimensions of the user experience


According to the ISO 9241-210 standard, user experience is defined as “the user’s physical, cognitive and emotional responses that result from the use of a system, product or service”. Hassenzahl (2001) proposes a more precise definition by breaking down the user experience according to several criteria: hedonic qualities and ergonomic qualities that simultaneously lead the user to generate a judgment of attractiveness, this judgment then determining his or her behaviors and emotions. This model of user experience is not specific to immersive technologies. It is rather considered for web interfaces. It is obvious that, in the case of virtual reality, same dimensions will be important to determine the user experience, but it is also obvious that some other aspects will also come into play, such as the physical characteristics of the headsets or the feeling of presence. At the time of writing, several authors are carrying out structural statistical modeling of the factors influencing user experience in virtual reality, but none of this work has yet resulted in a stabilized and operational model. However, these works already give us an idea of the variables taken into account to explain the user experience in virtual reality.


In 2007, Lin and Parker evaluated the user experience of participants using an immersive entertainment application. The variables emphasized were presence, enjoyment, simulator evil, engagement, immersion and active interactivity mode. A similar study conducted by Shina et al. (2013) focused on a virtual learning environment. It was based on the following components: immersion, sense of presence, flow, satisfaction, perceived usefulness, perceived usability and previous user experiences. Cheng et al. (2014) emphasized the importance of flow, influenced by interactivity, user skills or attention. Finally, Tcha-Tokey et al. (2018) have advanced toward an integrative model in which we find globally the same variables including flow, perceived usability, skills, emotions, presence, immersion or engagement.








8.2. The creative’s user experience


The work on user experience in virtual reality mentioned above is built on measurements taken in a game or learning situation, but not in a creative activity. This also raises the question of the links between creative performance and user experience. The user experience depends largely on the work situation, the hardware used, and these elements then determine the effectiveness or efficiency of the creative activity.




[image: A photograph of an example of a collaborative work situation at the Institute Arts et Métiers de Laval.]

Figure 8.2. Example of a collaborative work situation at the Institut Arts et Métiers de Laval, with a user creating three-dimensional animations in virtual reality, assisted by his or her colleague visualizing the result in the room in augmented reality. For a color version of this figure, see www.iste.co.uk/fleury/innovation.zip






8.2.1. The Creative Support Index


In MacDonald et al.’s (2006) study, participants were asked to get together to compose music. At each work session, they had to fill in a questionnaire measuring their level of flow (Csikszentmihalyi and Csikszentmihalyi 1988). At the end, the creative character of the created music was evaluated. The study shows a strong correlation between flow and creativity. Flow thus appears as a possible determinant of creative performance. Flow is often linked to user experience in the literature. Zhou (2013) went so far as to choose to measure user experience in his study by measuring only flow, while Bernhaupt et al. (2007) describe the user experience of video games as the result of several factors, including playability, usability and flow.


Cherry and Latulipe (2014) designed the Creativity Support Index, a questionnaire aimed at assessing the perception of tools for creativity. The dimensions selected in this questionnaire were:




	– results worth effort (satisfaction with the result in relation to the effort, perceived efficiency);


	– exploration (the system allows you to explore different ideas);


	– collaboration (easy to share ideas);


	– immersion (leads to being absorbed in the activity);


	– expressiveness (allows you to feel creative during use);


	– enjoyment (pleasure of use).





Lecossier et al. (2019) explicitly introduced user experience into the field of innovation research. It is about looking at the experience of people who mobilize innovation methodologies.






8.2.2. The design of tools for ideation


Graessler and Taplick (2019) proposed a guideline regarding the design of virtual reality tools for ideation. This guideline consists of a set of recommendations described below.


Hardware architecture: to generate and represent ideas, participants must be able to interact with the virtual environment. They must be able to move (walk, teleport) and grasp objects. Interactions between project members must be possible through different channels, voice, gestures or text messaging. The visualization will ideally simulate human senses. The virtual reality headset is a good solution for visual stimuli. The olfactory and haptic stimuli are very interesting, but require specific materials that are not currently standardized and widespread. Finally, the authors underline the importance of the integration of the tool in the network in the sense that the tool must work without error or interruption in the team.


The functionalities of the tool: a virtual environment configurator based on a content database is an appropriate tool to help not only in the preparation phase of the workshop, but also in the generation of ideas. This environment configurator must allow for not only importing objects, but also setting their parameters (sizes, colors, textures, etc.). It must also be possible to choose the “Skybox” (texture that encompasses the virtual environment). Modeling tools are also required to generate objects or concepts that are not in the content base and to enhance existing objects. Sketching tools are particularly interesting because they allow live visualization of the generated ideas. A virtual whiteboard can also be used to improve ideas in a group setting as would a tangible whiteboard, but with possible remote use. As Mille (2020) points out, the ideas generated must be able to be archived and documented. The tool must therefore make it possible to generate different media that can be reused or re-consulted, thus generating screenshots, videos with sound commentary. Finally, the tools must facilitate communication between the workshop participants. They must therefore allow users to embody their avatars and to communicate orally in a natural way.


The content of the configurators and modeling tools (virtual objects, textures, materials, shapes) must be appropriate to the themes being addressed. For example, if we are working on the layout of a monitoring room, we can imagine the possibility of modeling screens of any size with a simple gesture.


The usability of the tools must be high to promote easy use.


Stimulation through virtual reality aims at making participants generate more ideas. It mainly involves a wide spectrum of visual stimuli based on the presence and combination of virtual objects, textures, materials and images. The addition of tactile, auditory and olfactory elements can also improve the impression of realism and lead to associations that can lead to relevant ideas.


User-specific features refer primarily to the level of tool complexity. If users are using the tool for the first time, for example, it may be best to present and use only the main features to simplify ownership.


Spatial infrastructure: the level of spatial constraints in the virtual environment should be as low as possible. Empty spaces can be used to store the participants’ achievements, while the “designed” spaces can be used as areas to stimulate the participants’ creativity.


Enjoyability and playfulness are important elements in creating an atmosphere conducive to letting go, increasing acceptance of the activity and intrinsic motivation, which we know (Amabile 1983) is a strong factor in creativity.










  
    





Conclusion


In the introduction to this book, we wrote about the importance of innovation and the ongoing digital transformation. The objective of this book is to bring a scientific insight on how to integrate immersive technologies in the practice of the first steps of innovation, in the workshops of creativity in all their forms. It aims to provide innovation managers, project managers, company directors, etc., with a global vision and a set of tools that make the most of the enormous potential of immersive technologies (Virtual, Mixed or Augmented Reality, gathered under the acronym “XR”) in the field of designing new products/services/industrial processes/environments.


 Creativity is a complex phenomenon. To make a team creative, it is necessary to master the different techniques of both workshop facilitation and team management as well as project management, in order to select the most relevant approach for each problem. It is also essential to be able to select the most appropriate technologies and to integrate them in an innovative and coherent way. This approach must promote the acceptability of these technologies within the teams, collective intelligence and the ability to generate disruptive innovations. Neglecting immersive technologies for ideation means missing out on the opportunity to improve your creativity practices to accelerate the innovation process in your company. On the contrary, engaging your company on the path of innovation equipped with digital technologies will lead you to be part of the global community of innovation 4.0 precursors.
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