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        Introduction
                          
        Innovations are realised through design, and some of the most useful tools in the designer’s toolbox are the representations
          that are used to move from a vague idea to a concept, and then to a realised product, service or system. In this course we
          are going to explore in some detail what these representations are and how they are used not only to develop, but also to
          communicate visions of innovation.
        
             
        In this free course, we will start in Section 1 by considering how innovation is defined, what the sources of innovation are,
          and what the outcomes of innovation look like. In Section 2 we will take this further by considering how representations are
          used to develop and discuss innovations; how they are used by designers to communicate their ideas, concepts or visions, and
          why they are used to support communication and dialogue. In Section 3, we will explore how representations are created and
          used as tools during innovation processes; we will consider the different types of representations and the different roles
          that these play in innovation processes. In Section 4 we will explore the role of representations in ensuring that innovation
          takes place, by persuading others of the value of an innovation. Finally, in Section 5, we will summarise the key learning
          outcomes of the course, and introduce the Innovation Frame, a useful model that supports thinking about the innovation process.
        
             
        
          
            Table 1 What you have to do

            
              
                                             
                  	Section                             
                  	Study time                         
                

                                             
                  	1. What is innovation?                             
                  	4 hours                         
                

                                             
                  	2. Talking about representations                             
                  	3 hours                         
                

                                             
                  	3. What are representations for?                             
                  	4 hours                         
                

                                             
                  	4. Persuading representations                             
                  	3 hour                         
                

                                             
                  	5. Supporting innovation                             
                  	1 hour                         
                

              
            

          

          This OpenLearn course is an adapted extract from the Open University course T317 Innovation: designing for change.
          

        
         
      

    

  
    
      
        Learning outcomes
             
        After studying this course, you should be able to:
             
        
          	understand innovation as an interactive process that draws on several sources to attain various outputs – products, services
            and systems
          

        
             
        
          	appreciate the role of representations in design and innovation processes

        
             
        
          	think critically about different aspects of design and innovation.

        
         
      

    

  
    
      
        1 What is innovation?

        
          1.1 Defining Innovation 

          This course is an exploration of the nature of innovation and the role that representations play in enabling an innovation
            to be shared, explored and developed. We’ll start by exploring what we mean by the word innovation.
          

          
            
              Activity 1 Describing innovation

            

            
              
                What does the word innovation mean to you? Use the text box to record your initial impressions when you think of innovation.

              

              Provide your answer...

              View discussion - Activity 1 Describing innovation

            

          

          In its broadest sense innovation comes from the Latin verb innovare, which means to make something new. This definition may seem too simple and straightforward, indeed there are many modern
            definitions of innovation, which suggest that the concept is quite complex and is difficult to capture in a few words. Some
            definitions include:
          

          
            Innovation is the successful exploitation of new ideas.

            (Innovation Unit, 2004)

            A specific tool of entrepreneurs, the means by which they exploit change as an opportunity for a different business or service.
              It is capable of being presented as a discipline, capable of being learned, capable of being practiced.
            

            (Drucker, 1985)

            A process of matching technical possibilities to market opportunities, through activities including experimental development
              and design, trial production and marketing.
            

            (Freeman and Soete, 1997)

            A process of turning opportunity into new ideas and of putting these into widely used practice.

            (Tidd and Bessant, 2009)

          

          While definitions of innovation may vary in their wording, the common theme is that innovation involves coming up with ideas
            and putting these to practical use, and it is this meaning that we use in this course. It is important to realise the distinction
            here between invention and innovation. Invention is the process of creating and developing ideas, concepts or designs. On the other hand, innovation is the process of developing a new or improved product, service
            or system for adoption into use, and possibly widespread diffusion. The key difference is that innovation results in something that can be used, either a
            product service or system; these are the outputs of innovation, and are discussed in more detail in Section 1.2.
          

          An innovation is not just an idea; it is also the process of putting the idea into practice. This involves an underlying pattern
            of activities which form the basis of innovation, and include developing a vision, thinking about how the vision can be realised
            through design, and specifying details so that the vision can be realised. A necessary and important part of almost all these
            activities are the representations that are used. In the early stages of the innovation process, representations are used
            to develop and share ideas, often through sketches, diagrams or concept maps. But, these ideas do not constitute an innovation
            until they have been transformed into something that has a potential for practical application. This transformation is where
            design occurs and a range of representations including drawings, models and diagrams are used to support the development of
            a vague, but potentially innovative, idea into something real and specific that has potential for practical application. Representations
            have an equally vital role to play as ideas are grown for adoption and diffusion, including drawings and instructions that
            contain all the information necessary for the realisation of a product, service or system, as well as posters and models that
            describe the innovation and encourage users to engage with it.
          

          This description may suggest that innovation follows a nice neat sequence of activity. This is rarely true; instead it is
            typically a messy iterative process in which context, people and the various materials they engage with all need to be taken
            into consideration. These various factors add to the complexity of the innovation process, but they are also the source of
            innovation as described in Section 1.3. At every stage, innovation is an interactive process in which the various sources
            of innovation are engaged and linked in some way, providing both requirements and constraints which inform decisions and make
            the output of innovation realistic and useful.
          

        

        
          1.2 Outputs of innovation

          Innovations work their way into reality in a variety of forms. In the preceding section, we mentioned three types of outputs
            of innovation: products, services and systems. Let us start by thinking about how products, services and systems differ and
            how they are similar. We put these questions to Tim McAloone, Professor of Product/Service-Systems at the Technical University
            of Denmark.
          

          
            
              Activity 2 Describing the outputs of innovation

            

            
              
                In the following video, Tim McAloone defines products, services and systems. Watch the video, and using Tim’s definitions
                  identify three examples of products, of services and of systems. Use the textbox to record your answer.
                

                
                  
                    
                      This reader does not support video playback.

                    

                                               
                  Video 1 Interview with Tim McAloone of the Technical University of Denmark
                             
                  View transcript - Video 1 Interview with Tim McAloone of the Technical University of Denmark
                         
                

              

              Provide your answer...

              View answer - Activity 2 Describing the outputs of innovation

            

          

          Now that we have defined products, services and systems, we can move on to explore some examples of product, service and system
            innovation.
          

          Product Innovation

          When we think of innovation we often alight upon product innovations – objects. The vacuum cleaner and electric light bulbs
            are examples of such product innovations, and in general we can define the product innovation process as
          

          
            the introduction of a new good or a new quality of a good.

            (Schumpeter, 1939)

          

          Notice that the idea for the product does not have to be new. For example, when pocket calculators were introduced in the
            1970s, the idea of using a machine to carry out arithmetic operations was not new. Mechanical calculating machines have been
            around since the invention of the abacus, around 2000 BC, and automated calculating machines were available in the 17th century.
            But, pocket calculators, such as the example in Figure 2a, were an innovation because they used the invention of the microprocessor
            to introduce new functionality, to make the design more user friendly, and to make them easier to manufacture and, eventually,
            cheaper to buy.
          

          
            [image: ]

            Figure 2 Innovative products: (a) early digital calculator (b) digital camera

            View description - Figure 2 Innovative products: (a) early digital calculator (b) digital camera

          

          Similarly, the digital camera, as illustrated in Figure 2b, took a while to become established as it initially offered little
            advantage over film cameras. But over time people realised they offered different functionality from a traditional camera,
            allowing many more pictures to be taken without the need for film. Also, improvements in computing technology allowed for
            reduction in size, increase in functionality and decrease in cost, which further encouraged diffusion. The inclusion of a
            digital camera on mobile phones accelerated this effect further, and today digital cameras are ubiquitous.
          

          Service Innovation 

          Our society and economy is increasingly built on services, and so innovations in service and in service design are extremely
            important. Hairdressing and gardening are examples of quite traditional service offerings, but newer, more exciting examples
            are emerging every day, with examples such as business services, internet grocery delivery services, energy services and new
            transport ticketing services such as the Oyster smart card in London. In general, the service innovation process can be defined
            as the introduction of new or improved service offerings.
          

          As with product innovation, a service innovation can be a new type of service but is often an improved delivery or performance
            of an existing service. Broadly speaking, service innovation involves (re)configuring the elements necessary to provide services
            and/or integrating new ones. For example, a new information system may be integrated in a service to manage bookings.
          

          Unsurprisingly, much service innovation is undertaken in what is classified as the traditional service sector, including finance,
            insurance, real estate, transport, and communications. However, it is important to realise that service innovation is not
            confined to the traditional service sector. There is also a growing trend for manufacturers to use their products as platforms
            for various service innovations, such as extended warranties for household appliances and servicing (Howells, 2002). In such
            instances, manufactured goods are not offered to consumers in their own right but rather as part of a package that includes
            service components. These often focus on satisfying customer demand for outcomes and results (e.g. reliable central heating).
            Also, the ubiquity of the internet and mobile devices is introducing opportunities for service innovation, for example music
            and video internet streaming, holiday planning and booking, navigation, and information retrieval, such as Wikipedia, the
            free, online community-created, instantly updated encyclopaedia.
          

          
            [image: ]

            Figure 3 Wikipedia

            View description - Figure 3 Wikipedia

          

          System Innovation 

          In reality, few innovations stand alone. Most only work when they are embedded within systems. For example, cars and trains
            do not make much sense in the absence of roads and rails and the fuelling systems for them. That is why there are widespread
            problems in introducing hydrogen fuel cell cars due to the lack of a nationwide fuelling system. Systems are collections of
            various elements including people, products, services and infrastructures, e.g. railways, roads, IT networks. Systems include
            services and differ from them as they are typically based on a larger collection of elements and satisfy societal needs for
            functionality.
          

          
            
              Activity 3 Identifying systems

            

            
              
                Think about making a trip to a nearby town. What systems are involved in making this trip? The following photos may provide
                  some clues – but work it through for yourself, and use the text box provided to record your ideas.
                

                
                  [image: ]

                  Figure 4 Systems involved in making a trip

                  View description - Figure 4 Systems involved in making a trip

                

              

              Provide your answer...

              View answer - Activity 3 Identifying systems

            

          

          Systems do not simply exist. Instead they were designed, introduced and developed over time. For example, to make electric
            lighting work, Edison set about developing an urban electricity generation and distribution system (McPherson, 2013). Generally,
            the system innovation process can be defined as
          

          
            the introduction of new or improved socio-technical systems that fulfil societal functions, e.g. for transport, communication,
                housing.

            (Adapted from Geels (2002) after Hughes (1983))

          

          Systems are often quite complex. While systems include elements such as infrastructures, they also embody ways of doing things.
            For example, the Highway Code sets out the formal rules of the road and is needed to enable vehicles to travel safely. This
            helps explain why such systems are often termed socio-technical systems. Systems involve various technical elements such as
            products and infrastructures as well as human operators who follow social rules. Those rules may be laws, or they may just
            be accepted practices and behaviours. System innovation therefore often involves deep structural change, not only in things
            but in our everyday practices.
          

        

        
          1.3 Sources of innovation

          There are many sources of innovation. New ideas often arise as a result of the introduction of new technologies. For example,
            the introduction of the microchip made the pocket calculator possible, as well as countless other innovations. New technologies
            are the harder, often physical, sources of innovations which, in this course, are referred to as ‘material things’. While
            these are important sources of innovation, so too are people and their needs. Also important are contextual factors such as
            new regulations and changes in markets and society in general. Innovation is a process in which these three sources interact.
          

          
            [image: ]

            Figure 5 Sources of innovation

            View description - Figure 5 Sources of innovation

          

          Material Things 

          Material things provide a source of innovation that can take many forms and are developed in a variety of settings. Consider,
            for example, nylon. The discovery of nylon was a major accomplishment of organic chemistry in private industry-sponsored basic
            research. It was discovered in a laboratory, set up in 1927 by E. I. DuPont de Nemours which aimed to fill gaps in knowledge
            of chemical processes which might be of commercial value. DuPont was already in the textile business and the development of
            nylon involved determining whether commercial production was feasible and identifying practical commercial possibilities,
            which led to the company’s focus on hosiery (Ruttan, 2001). In contrast to this, consider the development of the ‘cat’s eyes’
            by Percy Shaw. Percy was not a member of a big research team in a major laboratory. He was a road mender who was aware of
            the dangers of driving along unlit, and often fogbound, roads. One night in 1933 he was driving his car near his home in Yorkshire
            when his headlights were reflected in the eyes of a cat. This inspired him to develop the cat’s eye reflector, that when embedded
            at intervals in the centre of the road, reflected a vehicle’s headlights and made it easier to identify the course of the
            road, as illustrated in Figure 6. Shaw spent several years developing the concept and his eventual design consisted of pairs
            of glass beads embedded within a flexible rubber moulding fixed into the road surface. When vehicles drove over this, the
            rubber contracted, clearing away any dirt, making cat’s eyes self-cleaning.
          

          
            [image: ]

            Figure 6 Cat’s eyes reflectors on a road

            View description - Figure 6 Cat’s eyes reflectors on a road

          

          People

          Sometimes consideration of material things alone can lead to successful innovation. But this is rare, and developing products,
            services or systems based on new technologies is usually insufficient. There is a danger that focus on technology means that
            the requirements of the user are neglected. While new material things may create opportunities for innovation, these will
            only be successful if they meet or even create user needs. In other words, people are also an important source of innovation.
            For example, in the 1990s Trevor Baylis developed the wind-up radio after watching a television programme about the spread
            of AIDS in Africa (Baylis, 1999). It was predicted that the spread of the disease could be halted if people could be educated,
            but few of the African poor had access to televisions or radio, so public broadcasting was ineffectual. Part of the problem
            was power supply; few towns had electrical infrastructure in place, and batteries were prohibitively expensive. Instead Baylis
            adapted and improved existing clockwork technology to produce a radio that could be charged by hand, and was designed for
            the intended users. As this example shows, it is perfectly possible to have innovation without the development of new material
            things being the primary motivating factor. Something can be innovative if it originates from the needs of the people that
            use it. Considering the users in design and innovation is an important part of the process.
          

          
            [image: ]

            Figure 7 Trevor Baylis and the wind-up radio

            View description - Figure 7 Trevor Baylis and the wind-up radio

          

          Whether innovation is driven by technological discovery or user needs is the subject of considerable debate. In some instances,
            such as the nylon example, innovation is clearly driven by new materials. In others, such as the wind-up radio, innovation
            is driven by user needs. However, in almost all instances, materials and people interact as sources of innovation. Even in
            the case of nylon, the choice of the market for launching nylon, hosiery, was because there was a demand and nylon offered
            an attractive alternative to expensive silk stockings.
          

          Context

          So far we have identified two major sources of innovation: material things and people. However, innovations are produced,
            consumed and used somewhere, i.e. in contexts, and this is the third and final source of innovation we consider in this course.
          

          Contexts for innovation can take many forms. For example, there is the context of how and where products are used. In the
            example of the wind-up radio, the context of the AIDS epidemic in Africa was a big motivating factor in Baylis’ decision to
            develop the radio. Regional regulations can also have a huge impact on design and innovation. For example, regulations to
            cut pollutants from cars led to the development of catalytic converters and filters on vehicle exhaust systems; regulations
            on carbon dioxide emissions have led to major changes in car design and the development of technologies such as petrol–electric
            hybrid cars.
          

          Changes in regulation are a two-edged sword – regulation both restricts certain activities, and can close avenues along which
            innovation may have been following, but it also opens new avenues along which change is mandated. Conversely, deregulation
            (the slackening of controls) may provide opportunities for innovation – for example the deregulation of telecommunications
            in the UK in the 1980s led to the development of a whole range of new products and services that had not been permitted by
            the old state-owned monopoly.
          

          Context includes other important factors such as increasing global wealth, globalisation, improved communication enabled by
            information and communications technologies, and increasing availability of simulation and prototyping tools. Engaging with
            the world to create opportunities for innovation may mean that far more territory needs to be covered than before (Tidd and
            Bessant, 2009). This is further complicated by the internet-enabled reduction in separation between users and producers. Consequently
            consumers expect to be more involved in how innovations emerge, and community-based schemes such as crowdsourcing and crowdfunding
            are becoming commonplace.
          

        

      

    

  
    
      
        2 Talking about representations

        The innovation process often starts with a vision, inspired by some combination of material things, people and context. But
          product, service or system innovation cannot proceed without design. Design thinking is used to explore and develop a vision,
          while design details are specified to make the vision realisable as a new or improved product, service or system. Broadly
          speaking, creating a vision, design thinking and design detail are the primary activities in an innovation process and as
          discussed in the introduction to the course, in each of these, representations play an important role.
        

        
          2.1 Visions of innovation

          Visions set the direction of innovation and help enrol key actors in the process. For example, visions of an innovative new
            housing development may give financiers a sufficient basis to begin to invest and other actors, such as local planners, an
            interest and reason to be involved. In the context of innovation processes, visions can be defined as
          

          
            collectively held and communicable schemata that represent future objectives and express the means by which objectives will
              be realized
            

            (Eames et al., 2006)

          

          Representations are used to develop and communicate visions to others, to initiate the design and innovation process, set
            direction, enrol key stakeholders and help to create tangible outputs to assess and modify the scope of the vision.
          

          
            
              Activity 4 Communicating visions for innovation

            

            
              
                The following video is an excerpt from an episode of Design for Life, a TV show which followed UK design students competing for a place at Philippe Starck’s School of Design. In this episode
                  the students have been asked to develop an innovative project. Watch Starck’s presentation of the design brief, and the students
                  presentations of their projects, and consider the way that the students communicate their vision to Starck. Answer the following
                  questions:
                

                
                  	What representations do the students use?

                  	Which of these are effective in communicating the vision or concept?

                  	What does Starck say about the projects?

                

                Use the textbox to record your impressions.

                
                  
                    
                      This reader does not support video playback.

                    

                                               
                  Video 2 Design for life
                             
                  View transcript - Video 2 Design for life
                         
                

              

              Provide your answer...

              View answer - Activity 4 Communicating visions for innovation

            

          

        

        
          2.2 Using representations

          Activity 4 has illustrated the benefits of using multi-perspective visual representations to present and communicate ideas
            and concepts. Why does a representation, such as an image or a model, make a vision, idea or concept easier to understand
            and engage with? The old proverb says that a picture paints a thousand words, and there is truth to this. A representation
            is information-rich, it provides details not captured in a textual description. When information is presented in words we
            are left to read between the lines, to fill in the details. And often we do this erroneously, we can misinterpret the intention
            behind the words, and this can lead to confusion and complications. For example, consider the sentence:
          

          
            I saw the man on the hill with the telescope.

            (Simon, 1996, p. 79)

          

          How did you interpret it? Who is holding the telescope? The phrase is ambiguous; it can be interpreted in different ways and
            it’s not clear who has the telescope: do I have the telescope? Does the man have the telescope? Or is the telescope on the
            hill? Visual representations give us additional details that fill in the gaps; they give additional context and can remove
            some of the ambiguity. For example, if the phrase is accompanied by a visual representation such as the picture in Figure
            8 below, then we have a clearer idea about the situation.
          

          
            
              Figure 8

            

            
              
                

              

              View answer - Figure 8

            

          

          But ambiguity is still not completely erased. Looking at the picture I can determine that a person is holding the telescope
            – so I know the telescope is not on the hill – but I still can’t determine who is holding the telescope. Perhaps it is me
            holding the telescope looking up at the man on the hill, or perhaps it is the man holding the telescope, and I am looking
            at him across a valley. The representation still needs further context! But, the fact that it is an external representation,
            rather than a visual picture in the mind’s eye, means that it can be pointed at, discussed and critiqued. In the image I can
            see many details at the same time, and can gain insight into the context and structure of the situation. I can ask the artist
            to label or annotate the image to identify where they think I am standing, and this will clarify the ambiguity, or at least
            provide a forum for discussing the ambiguity. As a device for supporting dialogue, a representation acts as a shared visual
            context that enables us to socially explore the depicted object or situation, through questioning and discussion.
          

          In design meetings this dynamic is typical; visual representations are often the objects under discussion. Innovations are
            realised through design processes, and these are not usually conducted by designers working in isolation. Instead, it is common
            for designers to work in teams and to develop concepts in collaborative, social processes. Good design results from social
            interaction, for example between clients and designers, between designers and engineers or between members of design teams.
            Such interactions can be difficult because the different parties enter the dialogue from their own particular contexts, e.g.
            via consideration of enterprise, economics, aesthetics, ergonomics, physical properties or manufacturability. Complications
            can arise because participants in the dialogue have their own vision of an innovation, and their own language for describing
            it. Visual representations act as a bridging device to enable communication between the different parties. They provide the
            shared context that everyone in a meeting can engage with and discuss, as illustrated in Figure 9.
          

          
            [image: ]

            Figure 9 Developing a vision, by communicating through representation

            View description - Figure 9 Developing a vision, by communicating through representation

          

          But the power of visual representations comes not only from their rich visual content, and their role as a communication device.
            Representations are also important tools for problem solving. Often the mere act of creating a representation of a problem
            immediately suggests a solution.
          

          
            
              Activity 5 Visual problem solving

            

            
              
                Consider the following puzzle, from Adams (2001, p. 4), and use the text box to write an outline of your proof.

                One morning, exactly at sunrise, a Buddhist monk began to climb a tall mountain. A narrow path, no more than a foot or two
                    wide, spiralled around the mountain to a glittering temple at the summit. The monk ascended at varying rates of speed, stopping
                    many times along the way to rest and eat dried fruit he carried with him. He reached the temple shortly before sunset. After
                    several days of fasting and meditation he began his journey back along the same path, starting at sunrise and again walking
                    at variable speeds with many pauses along the way. His average speed descending was, of course, greater than his average climbing
                    speed. Prove that there is a spot along the path that the monk will occupy on both trips at precisely the same time of day.

              

              Provide your answer...

              View answer - Activity 5 Visual problem solving

            

          

          Psychological research tells us that our brains engage with information in different ways. Verbal thinking, through words,
            is just one way our brains process information. We also use visual thinking, which is based on imagery, and haptic thinking
            based on touch. These non-verbal cognitive processes enable us to understand information in different ways – to create metaphors
            that relate what we see and touch to things that look and feel similar. These alternative modes of thinking are very powerful
            and, as we demonstrated in Activity 5, can make a seemingly difficult problem suddenly obvious. Non-verbal thinking has been
            linked to creativity, and famous innovators, such as James Watt, Walter Chrysler and Albert Einstein, have identified their
            importance in exploring and developing their visions. Similarly, designers use representations as externalisations of their
            visual and haptic thinking, as a way to engage with the creative centres of their minds. Representations provide opportunities
            to engage with visions in a way that words alone cannot accommodate:
          

          
            Many of the features and quality of the objects that a technologist thinks about cannot be reduced to unambiguous verbal descriptions;
              therefore, they are dealt with in the mind by a visual, non-verbal process.
            

            Ferguson (1992, p. xi)

          

        

      

    

  
    
      
        3 What are representations for?

        So far we have considered a range of representations, and have considered how they are used to share visions, support communication
          and solve problems. We have seen how designers create drawings and models to represent and explore their visions for innovation,
          and to identify routes for realising innovations. We will now explore more generally what representations are and what their
          roles are in innovation processes.
        

        Let’s start by considering the most humble of representations, the drawing. Drawings are excellent representations. They are
          technologically simple, requiring only a piece of paper (or some other surface to draw on), and a pencil (or some other method
          to make marks). They are cheap and disposable, and can be easily modified. They can be produced very quickly in moments of
          inspiration, or very deliberately when precision and detail is required. They are versatile, and can be used to represent
          a huge variety of things, including people, contexts and material things. They have been the fundamental design tool for centuries
          and only recently, in the digital age, has their usefulness in design been surpassed by the usefulness of computers.
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          Figure 11 Examples of drawings (a) concept design for a kettle (b) interior design for 2008 Mini concept (c) design of a house
            and grounds
          

          View description - Figure 11 Examples of drawings (a) concept design for a kettle (b) interior design ...

        

        
          
            Activity 6 Different types of drawings

          

          
            
              Consider drawings that you have seen and worked with, and the drawings in Figure 11. What are the different roles of these
                drawings? Can you identify different categories of drawings? Use the text box to record your thoughts.
              

            

            Provide your answer...

            View answer - Activity 6 Different types of drawings

          

        

        Drawings exemplify what we can expect from representations, and we can think about all representations according to the categories
          identified in Activity 6. So let’s look at these in a little more detail.
        

        
          3.1 Representations for communicating 

          As tools for communicating ideas, representations have a variety of roles. They can be used to create and present a vision
            or concept; for example, the drawing in Figure 11b is a representation that is used to convey the designer’s vision for a
            car interior. Such representations can be constructed by individuals, or in a process of cooperative design as opportunities
            for innovation are discussed and explored within a design team. For example, mind maps such as the one exploring solutions
            to global warming in Figure 12, are often used in design meetings to visually explore opportunities and options, and to foster
            creativity.
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            Figure 12 Mind map exploring solutions to global warming

            View description - Figure 12 Mind map exploring solutions to global warming

          

          As we discovered in Section 2, representations are often used in design meetings to support dialogue and debate. They provide
            a shared visual context that can be pointed at, argued about, and modified. In this mode, representations serve as a focal
            point for discussion and help keep dialogue efficient and effective. Representations also act as collective records; they
            can be used to organise and store knowledge created through group interaction in a design meeting, and they allow team members
            to reflect on and interpret the ideas of other members.
          

        

        
          3.2 Representations for thinking 

          Representations are often used in the process of working out a problem. In this mode, representations are not just externalisations
            of ideas, they are part of the idea-making process; they inform and are informed by design thinking. This is why designers
            often start a design process with pages and pages of drawings that explore different aspects of the problem. For example,
            in Figure 11a sketches are used to explore the form and functionality of the developing concept of a kettle. But sketches
            don’t have to be drawings; sketches can also be models or diagrams or other representations used to work out a design. For
            example, the representation in Figure 13 is a foam model used for this purpose.
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            Figure 13 Using a physical sketch to explore a motorbike concept

            View description - Figure 13 Using a physical sketch to explore a motorbike concept

          

          Sketches are useful because they are rough and ambiguous and open to interpretation. They are very successful at encouraging
            non-verbal thinking, because the brain has to work to see through the ambiguity, and often results in different interpretations
            which can be used to inform the developing vision. In this role, representations are temporary and changeable and they aid
            the thinking process. They can be thought of as part of this process, with the act of making and then reviewing a representation
            actually helping to develop understanding of a problem. Representations support the process of moving from having a general
            vision to having specific ideas about how to realise the vision. This involves a cyclic process of creating representations,
            reviewing the representations and then responding to any new insight by modifying the representations or creating new ones.
          

        

        
          3.3 Representations for describing 

          Representations are also used for specifying and communicating design details, to inform processes that lead to the realisation
            of an innovation. For example, the drawing in Figure 11c includes dimensional information which can be used to create a digital
            model of the site for analysis and evaluation. Such representations can be viewed as the output of the conceptual design process:
            a concept has been chosen, and some key parameters have been specified. At this point embodiment design commences, which involves
            evaluating and developing the concept against technical and economic criteria. This then leads to detailed design, which involves
            finalising details such as materials, dimensions, etc., so that the concept can be realised. Historically, drafting methods
            were used to compose detailed drawings of a concept. But, over recent decades computer-aided design (CAD) has replaced the
            draughtsperson. An example of a CAD model for a building design is illustrated in Figure 14a. CAD representations are powerful
            because they are defined as data that include formal information, implicit within the structure of the representation. Once
            a detailed model has been created it is possible to extract this data for use in embodiment processes, such as analysis and
            fabrication. The digitisation of representations makes it possible to carry out sophisticated numerical analysis for testing
            mechanical properties, or simulations for testing performance (The Economist, 2008). For example Figure 14b illustrates an
            analysis of the water subsystem of a building.
          

          
            [image: ]

            Figure 14 (a) CAD model of the Stata Centre (b) analysis of the water system of the Stata Centre

            View description - Figure 14 (a) CAD model of the Stata Centre (b) analysis of the water system of the ...

          

        

        
          3.4 Multiple uses of representations

          Of course, it is rarely possible to identify a single category for any given representation, because in practice representations
            are multipurpose. I have identified individual categories for each of the drawings in Figure 11 , but this is not entirely
            realistic and it is possible to argue that every drawing belongs in more than one category. For example, I have categorised
            the drawing in Figure 11c as a drawing for describing because it includes details which can be used to realise the design.
            But the drawing also represents a detailed level of thinking about the concept, and can be used for communicating this thinking
            to others within a design team. So I could just as easily categorise it as a drawing for communicating and a drawing for thinking.
            But, even though representations may be multipurpose, they are not omnipurpose. Not all representations can be used for all
            purposes. Representations can play a dual role in shaping how we understand a concept, and how we can manipulate it. The decisions
            we make in modelling a concept have consequences in terms of our understanding and potential for manipulation.
          

          Take, as an example, a circle, which we could represent in many different ways: we could represent it visually as an outline;
            we could represent it constructively using a piece of string attached to a post on one end and with a pencil on the other;
            or we could represent it mathematically as an equation defined according to (x, y) coordinates in a Cartesian plane.
          

          Each of these representations gives us a different view of what a circle is:

          
            	a separation of space into two distinct regions

            	the outcome of a physical construction

            	a set of coordinates.

          

          These different views are all useful in different situations. For example, separation of space is a useful representation
            for an archer who wants to ensure their arrows land in the inner region rather than the outer region of a target (Figure 15a);
            the physical construction recipe is useful for a builder marking out a circular area for a patio (Figure 15b); the mathematical
            representation is useful for graphical computing, and enables a graphical algorithm to identify which pixels on a screen are
            part of the circle (Figure 15c).
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            Figure 15 Concepts of circles (a) separation of space (b) circle construction (c) digital circle

            View description - Figure 15 Concepts of circles (a) separation of space (b) circle construction (c) ...

          

          These different views allow us to understand and apply the concept of a circle in different ways, appropriate to different
            tasks. They also give us different opportunities for modifying the concept. If the circle is an outline separating two areas
            of space, then we can move the circle and change where the separation lies. If it is a construction, then we can change its
            dimensions by changing the length of the piece of string. If it is an equation, then we can manipulate the variables in the
            equation so that we can change both the position and size of the circle. The different representations give rise to different
            acceptable manipulations, and also allow us to conceptualise these differently. For example the construction and the equation
            both allow us to change the size of the circle, but the construction allows us to understand this physically, while the equations
            are more abstract.
          

          The dual role that representations play in shaping how we view concepts, and how we can manipulate them, means that it is
            important to consider which representations to use for a given purpose. To review the representations we have considered in
            the course so far:
          

          
            	Drawings are fast, cheap and flexible. But they are two-dimensional, and require interpretation into a detailed model for
              embodiment processes such as layout and analysis.
            

            	Concept diagrams can be quick to produce, and represent aspects of a vision that can’t be captured figuratively in drawings;
              but they are abstract, and do not describe form.
            

            	Physical models, made from card, foam, clay, wood, etc., are flexible and three-dimensional; but they require interpretation
              into a detailed model for embodiment processes such as analysis.
            

            	Digital models are easily imported into embodiment processes, but are time consuming to produce, and are inflexible in structure.

          

          
            
              Activity 7 Choosing appropriate representations

            

            
              
                Which representations would you use for the following activities?

                
                  	Sharing a vision within a design meeting.

                  	Presenting a vision to a client.

                  	Discussing a vision with a craftsman who will build a prototype.

                

                Use the textbox to record your answer.

              

              Provide your answer...

              View answer - Activity 7 Choosing appropriate representations

            

          

        

      

    

  
    
      
        4 Persuading representations

        In this course we have explored the important roles that representations play in innovation processes. We have identified
          how representations are used to model different aspects of innovation processes, and how they can be used to explore and develop
          visions for innovation into concepts and designs. We will now look at one other role that representations play in design and
          innovation: they are used to persuade others to accept our visions for innovations.
        

        
          4.1 Representing visions for people 

          Having a vision for an innovation, and developing this into a design, is often not enough to enable the innovation to be realised.
            We often need the support and permission of others to allow the vision to become reality. On a small scale we may want to
            convince other members of a design team to accept that a particular design feature should be incorporated into a new product,
            such as a system for reusing hot water within a washing machine. On a bigger scale we may want to convince some authority,
            such as a manager, policy maker or regulatory body for example, if we require planning permission to construct or develop
            a building. On an even bigger scale it may be necessary to convince members of the general public to use a newly introduced
            public service such as a new city-wide bicycle scheme. Dialogue and words can be powerful tools for making such arguments,
            and for convincing people to believe that an innovation is necessary. But, as we have seen throughout this course, often a
            representation, such as an image or model, can add an extra dimension to this discourse. Representations engage with different
            areas of the brain, encourage visual investigation, suggest visual metaphors and can often convey much more information than
            words alone. This can be attested by the relentless bombardment of visual imagery from the advertising industry, through television,
            newspapers, magazines, billboards, product placement, etc. Representations sell! They convince people to buy into a vision,
            to believe that the products and services on sale could improve their lives.
          

          In projects, you will often be expected to sell or ‘pitch’ an innovation, concept or design that you have developed, and representations
            will play an important role in how you do this. For example, architects and planners often use representations when pitching
            their visions to potential clients, as illustrated in Figure 16. This is a representation produced by Arup and Grimshaw in
            2012 to communicate their vision for the redevelopment of London Euston Station to accommodate HS2, an innovation scheme in
            which a high-speed railway will link the North with the South of England. The station design
          

          
            aims to improve access, space and overall experience for all rail users and the local community.

            (Arup, 2012)
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            Figure 16 Arup and Grimshaw’s vision for the redevelopment of London Euston Station

            View description - Figure 16 Arup and Grimshaw’s vision for the redevelopment of London Euston Stat ...

          

          
            
              Activity 8 Interpreting representations

            

            
              
                Take a good look at the representation in Figure 16, of Arup and Grimshaw’s design for the redevelopment of Euston Station.
                  What does the representation tell you about the vision for the improved station? Are you convinced by the representation?
                  Use the text box to record your thoughts.
                

              

              Provide your answer...

              View answer - Activity 8 Interpreting representations

            

          

          In order to persuade others to accept their innovations, designers often create representations of a product, service or system,
            which presents the outcome in the best possible light. For architects, this involves presenting future scenes that illustrate
            how their designs will look in context, as illustrated in Figure 16. Often, many such representations are produced which emphasise
            different aspects of the design, with different audiences in mind. In this role, representations act as a kind of visual propaganda;
            they are weapons in what has been called the ‘battle for people’s minds’ (Jowett and O’Donnell, 2011). The shape of this battle
            is influenced by many factors, but is primarily determined by the sophistication of tools and methods of communication, as
            well as the understanding of psychology and human behaviour. Modern architects often use digital images, like the image in
            Figure 16, to represent their designs. These are effective methods of communication because they are flexible enough to allow
            architects to present different aspects of a design. They also engage well with human psychology because they can produce
            photorealistic results which allow people to visualise how a site could look in the future.
          

          The architectural rendering in Figure 16 is just one example of the visual representations commonly used to persuade people
            to accept an innovation. The proposal to build HS2 has generated many other types of representation that are used by campaigns
            both for and against the scheme. Some argue it is a scheme that responds to the needs of people, to support their transport
            requirements. Some argue it is a scheme that responds to the contextual needs of the current financial climate, to improve
            the economy of the UK by investing heavily in new infrastructure. Another argument is that it is a scheme that responds to
            technological development, to enable the UK to modernise its railways in line with other technologically advanced nations
            such as Japan, France and China. Regardless of the argument, HS2 is hotly debated outside and inside parliament. Campaigns
            for the scheme argue that it is a necessary improvement. Campaigns against the scheme argue that the cost is too high – financially,
            environmentally and socially. Within this debate, representations play an important role, and both campaigns for and against
            HS2 are employing representations to persuade the public and to influence opinion, using arguments linked to the sources of
            innovation: material things, people and context. And, as we shall see, underlying this visual debate lie the same factors
            we identified in the architectural rendering in Figure 16: method of communication and understanding of psychology.
          

        

        
          4.2 Representing context with statistics 

          Arguments around the transportation needs of people are typically supported by representations of associated statistics that
            describe the financial, environmental, or social context. As a method of communication, statistics can be very effective because
            they can be used to distil the essence of an argument and to make key points apparent and incontrovertible. They are also
            psychologically effective because they suggest formal, scientific analysis of the facts, based on raw data. There is an impression
            that statistics cannot lie. But, all statistical representations result from decisions about what data to represent, and how
            to represent it. These decisions are made based on consideration of the message that is to be communicated and on the target
            audience. For example, Figure 17 illustrates statistical representations presented to support arguments for and against the
            HS2 scheme. Here, the data is concerned with predictions of future trends in rail use. The first graph was composed by the
            ‘for’ campaign and is included in the government-produced ‘The Strategic Case for HS2’. The accompanying text describes this
            as a conservative prediction of future rail use, below expectations based on trends over the past 20 years (Department for
            Transport, 2003). The second graph was composed by the ‘against’ campaign and is a re-examination of the data presented in
            the first graph. It presents a prediction of future rail use based on trends over the past 50 years, and extrapolates the
            government’s prediction over the longer time frame. The accompanying text brings into question the government’s conservative
            estimates, and suggests that they are inflated (Stop HS2, 2011).
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            Figure 17 Representing trends in rail use (a) for HS2 (b) against HS2

            View description - Figure 17 Representing trends in rail use (a) for HS2 (b) against HS2

          

          At first glance the two graphs seem to be quite different, and in both cases the statistics seem to be supporting the arguments
            presented. But the graphs are based on the same data, and differences arise because of decisions about how this data is represented.
            In the first graph, less historical data is represented, to give the impression of a continual growth. In the second, historical
            trend and government prediction are represented as exponential curves to emphasise the differences. This illustrates the important
            lesson that statistical representations should not be accepted at face value; instead it is beneficial to try to understand
            the source of the data being represented and the decisions that have been made in choosing how the data is portrayed.
          

        

        
          4.3 Representing people in posters 

          Posters are a common method for communicating a vision to people. They are versatile and ubiquitous – they can be posted in
            bus stops and on billboards, or can be printed in newspapers and magazines. When well designed, posters create a strong visual
            impression so that they are easily noticed, clearly convey a vision and are remembered. As with statistical representations,
            they are designed to communicate a specific message to a specific group of people. For example, Figure 18 shows two posters
            that explore the impact of HS2 on people’s lives.
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            Figure 18 Representing the impact of HS2 (a) against HS2 (b) for HS2

            View description - Figure 18 Representing the impact of HS2 (a) against HS2 (b) for HS2

          

          
            
              Activity 9 Evaluating representations

            

            
              
                The two posters in Figure 18 are designed to convey a particular message to a particular demographic. For each poster, identify
                  what the message is and who it is aimed at. Consider how effective the posters are at conveying these messages. Use the text
                  box to record your thoughts.
                

              

              Provide your answer...

              View answer - Activity 9 Evaluating representations

            

          

        

        
          4.4 Representing material things of the future 

          The HS2 scheme looks forward to a modern, connected future, and symbolic of that future are the trains which will run on the
            new line. PriestmanGoode, a global travel and transport design consultancy, argue that HS2 is important, not only for the
            direct benefits it will bring in providing jobs and ultimately providing valuable transport links, but also because it provides
            an opportunity to champion British design and engineering. They have designed Mercury, a low-carbon, sustainable transport
            of the future, with the intention that it will stand as a design icon, following in the footsteps of the Routemaster bus and
            Concorde.
          

          
            
              
                This reader does not support video playback.

              

                                 
            Video 3 Mercury
                 
          

          The video conveys feelings of speed and comfort with a futuristic edge, and as a representation of the HS2 vision, Mercury
            is immediately accessible. It is a tangible product that reflects a progressive, exciting future. This is also conveyed in
            the rendering of the train in Figure 19a. But, the same imagery has also been used by the ‘against’ campaign to criticise
            the impact of HS2. The image in Figure 19b was published by Stop HS2, and takes the technologically suggestive image of the
            Mercury and places it in a rural context, with the train cutting through trees and countryside to emphasise the environmental
            impact of the new technology.
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            Figure 19 Representing the future of rail transport (a) for HS2 (b) against HS2

            View description - Figure 19 Representing the future of rail transport (a) for HS2 (b) against HS2

          

        

        
          4.5 Representations have a purpose

          Representations play a powerful role in innovation processes to support dialogues and debates, by representing material things,
            people and context. But, as we have seen, they rarely present the whole picture. Representations are created for a purpose,
            and when they are used to persuade they are created to convey a particular message to a particular audience. Sometimes this
            necessitates that some facts are omitted from the representation, as illustrated in Figure 17. Sometimes it is necessary to
            present a message in a manner that stirs emotional response, as illustrated in Figure 18. Sometimes it is necessary to distort
            reality, as illustrated in Figure 19.
          

          Creating representations to convince others to accept a vision for an innovation can lead to serious ethical questions. Visions
            typically aim to introduce change, but how can we say that change is desirable, or needed? What implications does change bring
            and for who? And who is responsible for the consequences? Innovations offer change to something better, and designers and
            innovators take an active role in shaping this change. When involved in an innovation process our principles of right and
            wrong (our moral principles) are applied, often unconsciously. But these principles are personal to an individual, and may
            not be commonly accepted. If an innovation is to be successful and adopted into use, then there needs to be an element of
            persuasion to encourage others to assent to the principles that underlie the vision, either consciously or unconsciously.
            New or improved products, services or systems have the potential to affect how people live their lives, and the various representations
            that we have explored in this section are some of the tools used to convince others that these changes are necessary. There
            is certainly a need to be aware of the ethical consequence of applying these as tools of persuasion.
          

        

      

    

  
    
      
        5 Supporting innovation

        In this course we have explored the different roles and uses of representations in innovation processes. Innovation involves
          turning opportunities into ideas and putting them into practice, so that they can be adopted for use. The outputs of innovation
          are new or improved products, services and systems, and the ideas for these are developed and grown by observing and linking
          the inputs to innovation: material things, people and context. This process does not involve a nice neat sequence of activity,
          but we have identified three primary activities in an innovation process: creating a vision, design thinking and design detail.
          Visions give direction to the innovation process because they portray future outputs. Design thinking is necessary to develop
          and implement visions of innovation. Design detail makes real the ideas for products, services and systems and helps grow
          them so they can be developed and implemented for widespread adoption. Here, we have identified six key ingredients of successful
          innovation, which include the sources of innovation: material things, people and context; as well as the three primary activities:
          creating visions, design thinking, and design details. These are summarised in the diagram in Figure 20, which we have called
          the Innovation Frame. The idea behind expressing this as a set of concentric and overlapping circles is to suggest that the innovation process
          is cyclic, involving thinking about the big picture as well as the details, and including influences from various sources.
          It is unlikely to be a simple one-way journey from source of innovation to activity or from the big picture to detail, but
          instead is more likely to be a messy path, which visits each of these key concepts multiple times in different combinations.
          This reflects the iterative nature that typifies creative processes such as design.
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          Figure 20 The Innovation Frame

          View description - Figure 20 The Innovation Frame

        

        Consideration of the Innovation Frame can help support innovation processes, by ensuring that all sources of innovation are
          considered, and that the focus is neither too detailed, nor too broad. Representations are a useful tool in this, because
          they are content-rich and can convey information that would be difficult to convey with words alone. They encourage us to
          think differently, to use visual and haptic thinking as well as verbal thinking.
        

        We have seen that representations are always created for a purpose, and in innovation processes there are three general roles,
          which can be mapped onto the three primary activities identified in the Innovation Frame:
        

        
          	Representations for thinking: these support design thinking.

          	Representations for communicating: these support creating and sharing a vision for innovation.

          	Representations for describing: these support detail design.

        

        A representation is typically created to support one of these activities, but can potentially be used to support all three.
          However, the way we represent an idea, concept or vision can have consequences with respect to how we can understand and manipulate
          it. Different representations have different strengths and can be used in different ways. We have identified four general
          types: drawings, concept diagrams, physical models, and digital models, but there are many other ways of representing future
          innovations. Fundamentally, representations are tools that are used in design and innovation to move a vision from a vague
          idea to a concept and then to a detailed design . They are used to incrementally and iteratively develop the small details
          which are necessary to realise a vision. They are used as communication devices, to support dialogue about an idea, concept
          or vision. They are also used to persuade others to buy into our visions for change, by emphasising specific aspects of an
          innovation for a particular audience. So, representations are also vital in getting potential users to adopt an innovation
          and to encourage diffusion.
        

      

    

  
    
      
        6 Conclusion

        There are many reasons why innovation is important. Organisations and individuals may be motivated to innovate for financial
          reasons, to improve company profits, or to create personal wealth. Alternatively, motivation may be more altruistic, and innovation
          may have social, environmental and economic impact beyond the individual organisation or person. Regardless of the motivation,
          the key ingredients identified in the Innovation Frame, are generally apparent and representations are commonly used to explore,
          develop and communicate these. This course has provided a brief introduction to these core elements of the innovation process,
          but there is still a lot more to learn, and you may be interested in studying the Open University course T317 Innovation: designing for change.
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        Activity 2 Describing the outputs of innovation

        Answer

        These are examples that I thought of, but yours are likely to be different:

        
          Table 2

          
            
              
                	Product
                	Service
                	System
              

              
                	A pair of scissors
                	A haircut
                	A beauty salon
              

              
                	A bicycle
                	Public bicycle hire scheme
                	A city-wide bicycle system
              

              
                	A movie
                	On-demand internet streaming
                	A cinema
              

            
          

        

        Discussion

        My answers follow Tim’s definitions for products, services and systems, which are:

        A product is the result of a development process. It is something that is designed and ownership is transferred. The example Tim mentions
          is buying a lawnmower.
        

        A service is an activity that is provided on your behalf. So in Tim’s example the activity would be a grass cutting service. A product
          is involved (the lawnmower) but this is part of the activity that is undertaken.
        

        A system is where there is a collection of infrastructure, people with roles, which call on products and services. So grass cutting
          may be part of a service system that is provided to a neighbourhood or town.
        

        Tim picked up the point that businesses often call services ‘products’. That may be just business speak, but not all products
          are necessarily tangible. If I buy a financial product (say an investment package), this does involve the design of the mix
          of investments concerned and a change of ownership.
        

        Overall these three categories are useful, but we should not get too hung up on the boundaries between them. Indeed some really
          important innovations are those that take place on the boundaries of meaning between product, service and system.
        

        Back

      

    

  
    
      
        Activity 3 Identifying systems

        Answer

        Your answer might involve a number of systems. If you travel by road (either by car, bus or cycling) it involves the road
          system and its controls (traffic lights, enforcement, emergency services, etc.). There is a parallel for the rail system,
          e.g. tracks, signals, railway staff and the scheduling of services as shown in a timetable. For public transport there may
          be information and ticketing systems; for a car you may use a GPS system to guide you – and even a printed road atlas has
          a system behind the mapping involved.
        

        Back

      

    

  
    
      
        Activity 4 Communicating visions for innovation

        Answer

        Ilsa uses a combination of representations to communicate her idea for sustainable clothing. The tactile board was effective
          because it illustrated specific details of her idea. Similarly, the image board was effective because it illustrated the context
          of the idea. However, the scarf distracted Starck’s attention away from the core message.
        

        Rob used a physical model to communicate his vision for communities living on the sea. The model, constructed from card/paper,
          was not very effective at communicating this vision, and Starck said it was unoriginal and undeveloped.
        

        Mike’s idea of improved communication through personalised t-shirts is demonstrated via a prototype. This effectively presents
          the scope and detail of the idea and illustrates how it could be realised in a product. Despite this, Starck found it unoriginal
          and unambitious.
        

        Trevor also uses prototypes to demonstrate his concept for an engraving device that can be used to convert everyday materials
          into communication devices. The prototypes were effective because they are physical demonstrations of how the concept could
          be realised, but Starck wasn’t convinced it was progressive enough.
        

        Jess has a vision of a worldwide community, which is celebrated by an annual turn-the-power-off fortnight. The scope of this
          vision is communicated effectively via visual analogy, using a globe surrounded by a ring of people holding hands, and connected
          to a power source, to illustrate the underlying concepts. Starck seemed unconvinced but appreciated the process of abstract
          thinking.
        

        Robert uses an image board and a selection of existing products to communicate his idea for a sensory kit to celebrate the
          bonding process between mother and child. This is not very effective and Starck struggled to understand the idea.
        

        Polly uses prompt cards and an image board to communicate her concept for a household water meter which monitors and displays
          water usage and cost. The prompt cards effectively communicate the context for the concept, while the image board effectively
          demonstrates how it could be realised in a product. Starck was impressed.
        

        Nabile has a vision for a ‘vehicle for mutation’, which he communicates using both a card/paper model and an image board.
          These were not very effective for communicating the vision, and Starck found the idea to be clever but uninspired.
        

        Helen presents a concept for an environmentally friendly tampon and communicates this effectively using image boards that
          indicate the scope of the concept and how it could be realised in a product. Starck was impressed.
        

        Anna communicates her idea for an organic bin using a prototype that effectively demonstrated how it could be realised in
          a product, but Starck was not convinced by the concept.
        

        Discussion

        The ideas and concepts presented by the design students were of variable quality, and only the water meter and the environmentally
          friendly tampon impressed Starck. The students all used visual representations of some form to communicate their vision for
          innovation. They did this not because it is what is expected of a designer, but because the representations allow them to
          present certain aspects of their vision. Prototypes, image boards, models, etc., are all used to highlight different perspectives
          that the students think are important. The most effective presentations included representations that communicated more than
          one perspective. They provided both context and credibility by illustrating the need for the vision, and by indicating how
          the vision could be realised.
        

        Back

      

    

  
    
      
        Figure 8

        Answer

        
          [image: ]

          Figure 8 I saw the man on the hill with the telescope (from Simon (1996, p. 79))

          View description - Figure 8 I saw the man on the hill with the telescope (from Simon (1996, p. 79))

        

        Back

      

    

  
    
      
        Activity 5 Visual problem solving

        Answer

        There are of course different ways to solve this problem, but the simplest is just to draw a diagram:

        
          [image: ]

          Figure 10 Graph of the monk’s journeys up and down the mountain

          View description - Figure 10 Graph of the monk’s journeys up and down the mountain

        

        Here I have represented the journeys of the monk as he travels up and down the mountain, and superimposed the downward journey
          on top of the upward journey. The representation clearly shows that there is a single point where the two journeys cross,
          and at this point the monk is at precisely the same spot along the path at precisely the same time of day. QED, the statement
          is proved!
        

        Discussion

        Creating a visual representation allows us to abstract from the problem at hand, it makes us choose what information is pertinent
          and ignore superfluous details. If we can do this effectively, then the representation becomes a valuable and powerful tool
          for problem solving.
        

        Back

      

    

  
    
      
        Activity 6 Different types of drawings

        Answer

        Your answer may be different to mine, but based on classifications presented by Eugene S. Ferguson in the book ‘Engineering
          and the Mind’s Eye’ (Ferguson, 1992, pp. 96–7), I have identified three different categories of drawings:
        

        
          	Drawings for thinking. This category includes drawings that are used to explore a design, such as the concept sketches in
            Figure 11a. They support design thinking.
          

          	Drawings for communicating. This category includes drawings that are used to share a design with others, such as the interior
            design drawing in Figure 11b. They support creating and sharing a vision.
          

          	Drawings for describing. This category includes drawings that specify the details of a design, such as the site plan in Figure
            11c. They support design detail.
          

        

        Back

      

    

  
    
      
        Activity 7 Choosing appropriate representations

        Answer

        Your answers may be different from mine, but what is important is that representations are chosen that are suitable for the
          task at hand. I have opted for the following representations:
        

        
          	I would use a paper-based representation in a design meeting, such as a sketch or a concept diagram. These can be used to
            communicate intent and are easy to annotate and label with changes that record outcomes of the meeting.
          

          	I would use a model to present to a client, either a CAD or a physical model. A CAD model would allow me to simulate different
            scenarios, whereas a physical model would allow the client to experience the vision tangibly.
          

          	I would use a CAD model or detailed drawings to discuss a vision with a craftsman. These would be complete with details of
            dimensions and would provide different views, to ensure that there is no ambiguity and that the prototype accurately reflects
            my vision.
          

        

        Back

      

    

  
    
      
        Activity 8 Interpreting representations

        Answer

        The representation presents a snapshot of how the redeveloped Euston will look in the context of the site. It presents a best
          possible scenario of the scene, a warm sunny day with beautiful blue skies that provide flattering lighting for the proposed
          building. Concrete and glass look clean, and the grass and trees look green and fresh. Members of the public are seen to be
          enjoying the space, either strolling to or from the terminal or relaxing on the grass.
        

        At first glance, the representation is effective at selling the architects’ vision for the project. According to the representation
          the design fulfills the aim to ‘improve access, space and overall experience for all rail users and the local community’.
          But on further consideration I feel that the representation presents an unrealistic scene: Euston is the sixth busiest train
          station in the UK, but the number of people in the representation does not suggest this. Also, the representation presents
          the buildings and the public space as they would look soon after construction – it does not give any indication of how it
          would weather and age.
        

        Back

      

    

  
    
      
        Activity 9 Evaluating representations

        Answer

        The first poster was produced by the HS2 Action Alliance, to support the ‘against’ campaign. Visually, it highlights the cost
          of the HS2 scheme in terms of environmental impact, by contrasting between images of a wild meadow and a construction site.
          It is a poster that is intended to personalise HS2 and its consequences, with an aim to recruit people to join the campaign.
        

        The second poster was produced by the Campaign for High Speed Rail, to support the ‘for’ campaign. It also personalises the
          HS2 scheme and presents the suggestion that jobs for the masses are more important than the property of the few. The poster
          is intended to encourage support for HS2 in Northern England, and responds to a perceived north/south class divide by presenting
          an argument for sharing wealth among the working class.
        

        Both posters are potentially very effective at conveying their message, because they personalise the message to their target
          audience and aim to create an emotional response.
        

        Back

      

    

  
    
      
        Activity 1 Describing innovation

        Discussion

        Perhaps you thought of an innovative product, such as a smartphone or an electric car, or perhaps you thought of a famous
          innovator, such as James Dyson or Mark Zuckerberg. Maybe you thought of a ‘light-bulb moment’ – a moment of creative discovery,
          like in Figure 1. These are all good answers and, as they indicate, the word innovation covers a broad spectrum of meanings.
          In this course we have a specific idea of what innovation means which we will explore in the remainder of this section.
        

        
          [image: ]

          Figure 1 An image of innovation

          View description - Figure 1 An image of innovation
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        Figure 1 An image of innovation

        Description

        The figure shows a man deep in thought with images of light bulbs emerging from the top of his head of increasing brightness.

        Back

      

    

  
    
      
        Figure 2 Innovative products: (a) early digital calculator (b) digital camera

        Description

        Figure (a) is a photo of an early pocket calculator from the 1970s. Figure (b) includes two photos of a digital camera, showing
          the front and back view
        

        Back

      

    

  
    
      
        Figure 3 Wikipedia

        Description

        This is a picture of the Wikipedia icon – a globe made up of jigsaw sections each containing a letter in a script from different
          languages.
        

        Back

      

    

  
    
      
        Figure 4 Systems involved in making a trip

        Description

        The figure includes a variety of photos illustrating systems involved in making a trip. Figure (a) shows a motorway junction
          with complicated looping lanes that enable cars to efficiently move from one road to another. Figure (b) shows a petrol station
          with cars positioned next to petrol pumps, and the kiosk in the background. Figure (c) shows a pedestrian crossing, identified
          by black and white stripes painted on the ground, and controlled by a set of traffic lights. Vehicles are stationary while
          a group of pedestrians cross, some on foot some on bicycles. Figure (d) shows a sheltered bus stop with various groups of
          commuters waiting for a bus. Bus timetables are apparent and one couple is using one to plan their journey. Figure (e) shows
          a GPS device attached to the windscreen of a vehicle.
        

        Back

      

    

  
    
      
        Figure 5 Sources of innovation

        Description
The figure is a diagram summarising the sources of innovation. In the centre is a triangle, and at each corner of the triangle
        is an icon representing one of the sources of innovation: material things, people and context.
        Back

      

    

  
    
      
        Figure 6 Cat’s eyes reflectors on a road

        Description

        This photograph shows a section of a road at night and the way the Cat’s Eyes are illuminated by reflecting car headlamps
          to clearly show the centre line and edges of the road.
        

        Back

      

    

  
    
      
        Figure 7 Trevor Baylis and the wind-up radio

        Description
The figure is a photo of Trevor Baylis, proudly holding a version of the wind-up radio in one hand, and holding a pipe to
        his mouth with the other.
        Back

      

    

  
    
      
        Figure 8 I saw the man on the hill with the telescope (from Simon (1996, p. 79))

        Description
The figure shows a sketched image of two stick men, one of whom is standing on an elevated landscape, the other is holding
        a telescope.
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        Figure 9 Developing a vision, by communicating through representation

        Description
The figure is a photo of a design meeting, with members of the design team discussing and pointing at a design representation.
        Back

      

    

  
    
      
        Figure 10 Graph of the monk’s journeys up and down the mountain

        Description

        The figure is a graph plotting height up the mountain against time. The two journeys are displayed on the graph: the journey
          up the mountain forms a jagged line, starting in the bottom-left and ending in the top-right; the journey down the mountain
          forms a jagged line, starting in the top-left and ending in the bottom-right. The two lines cross at a single point.
        

        Back

      

    

  
    
      
        Figure 11 Examples of drawings (a) concept design for a kettle (b) interior design for 2008 Mini concept (c) design of a house
          and grounds
        

        Description

        Figure (a) shows a page of sketches exploring the design of a kettle.

        Figure (b) shows a rendering in coloured pencil of the interior design of a car.

        Figure (c) shows a construction drawing, with measurements for house and grounds.
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        Figure 12 Mind map exploring solutions to global warming

        Description

        The figure is a mind map that explores different potential solutions to global warming.
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        Figure 13 Using a physical sketch to explore a motorbike concept

        Description

        The figure is a photo of a foam model of a concept design for a motor-bike, annotated with ink, and lying on top of a drawing
          of the same concept.
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        Figure 14 (a) CAD model of the Stata Centre (b) analysis of the water system of the Stata Centre

        Description

        Figure (a) shows a digital model of the Stata centre.

        Figure (b) shows a digital model of the water system of the Stata centre.
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        Figure 15 Concepts of circles (a) separation of space (b) circle construction (c) digital circle

        Description

        Figure (a) shows a circular archery target.

        Figure (b) shows a circle being constructed by drawing with a pencil attached by a string to a stake.

        Figure (c) shows a pixelated image of a circle on a grid.
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        Figure 16 Arup and Grimshaw’s vision for the redevelopment of London Euston Station

        Description

        The figure shows a digital rendering of Arup and Grimshaw’s vision for Euston Station.
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        Figure 17 Representing trends in rail use (a) for HS2 (b) against HS2

        Description

        The figure shows two graphs that plot train use against date. These include actual data up to 2010, the historic trend based
          on this data, and the forecast for the future, according to government reports.
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        Figure 18 Representing the impact of HS2 (a) against HS2 (b) for HS2

        Description

        The figure shows two posters that emphasise the impact of HS2.
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        Figure 19 Representing the future of rail transport (a) for HS2 (b) against HS2

        Description

        The figure shows two images that depict the Mercury. One a 3D rendering, the other a cartoon showing the train cutting through
          the countryside.
        

        Back

      

    

  
    
      
        Figure 20 The Innovation Frame

        Description

        The figure is a diagram summarising the sources of innovation and the primary activities of the innovation process. These
          are arranged on concentric circles. On the inner circle are icons representing the primary activities: vision, thinking, and
          details; on the outer circle are icons representing the sources of innovation: material things, people and context.
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        Video 1 Interview with Tim McAloone of the Technical University of Denmark

        Transcript
                                 
        
          TIM MCALOONE

          I’m Professor of Product Service Systems here at the Technical University of Denmark. In particular, I focus on sustainable
            product service systems, so both the analysis of existing service systems but also design of new, integrated, product service
            systems. I’m going to basically describe a little bit about, for me, the understanding of a product and a service and a system.
            A product, for me, is the result of a development process. And it’s typically a type of a technology, something which is designed
            and something which is transferred in ownership from the producer to the user or the customer. 
          

          A service, on the other hand, you could say, very simply described, is an activity which is carried out by one person on behalf
            of another person. So, a service could be, if I had some type of an activity which I’d prefer to have done on my behalf, then
            I would find another person to do it for me - very, very simply described. And the service is normally non-tangible but has
            a relationship, of course, to products or technology, quite often. 
          

          A system, for me, is a collection of infrastructure and lots of different people with different roles. And that system is
            also calling upon products and services. So there’s - the system is also a collection of this infrastructure and the people
            in a particular context.
          

          Maybe if I give an example of the interrelation between products, services and systems - take a lawn mower. Most of us have
            one of those or have seen one of those at home. If we take the product’s dimension of a lawn mower, it’s very simple to understand
            the technology behind a lawn mower, or at least understand that it’s an object which has been designed and developed, and
            that we can purchase in a garden shop or a DIY shop. And we take it home and we cut the grass with it. And we draw out the
            value we need in that product ourselves as the purchaser and the user. 
          

          Let’s say that I don’t have time to cut my grass, or I’ve got a bad back, or something happens, and I’d like somebody else
            to cut the grass for me. I could ring to a gardener. And the gardener could come and give me the service of actually cutting
            the grass. He could do it with my lawn mower. He could do it with his own lawn mower, which is maybe more professional. 
          

          If you look at the system elements in that, what now if I said to the gardener, well, actually I’d like you to do my whole
            garden for me. And, in fact, all my neighbours would like to do that too. So they call the same gardening company. 
          

          Maybe they’ll cut the hedge. They’ll cut the grass. And they have very different demands on the products, all of a sudden,
            because the technology needs to be able to be used not once per week, but four, five, six hours per day. The other thing is,
            from a people perspective, we need to have some way of organising the different people - my neighbours, the gardener, the
            different ordering system, the payment system. That becomes a complex but systemic approach. 
          

          And then from the infrastructure perspective, we’d need to understand how does the gardener get the machinery out to us? And
            how do they store it? And what is the maintenance infrastructure, and so forth? So from a very simple lawn mower, you can
            see that you can build a service and you can build an integrated product service system, which necessarily needs to build
            some new elements of infrastructure, of different types of people we need to understand, of service elements, and then finally,
            also, the product. 
          

          We’re living in an interesting world at the moment because we’re digitising, we’re dematerialising, and we’re servitising
            all at the same time. Many companies who have, for many years, been known as product manufacturers are suddenly selling services.
            At the same time, many organisations which have been - we could view as service organisations - for example, a bank or an
            insurance company - are all of a sudden calling their offerings ‘products’.
          

          If you take, for example, apps. We’re all using apps today on our smartphones. An app, you could say, is a type of a boundary
            object between the product and the service. So maybe we have some products which are for sale and some services which we’re
            hoping to get, and the app, for me, is one component in that. A type of a product, you could say, in order to enable the delivery
            of that service. 
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        Video 2 Design for life

        Transcript
                                 
        
          PHILIPPE STARCK 

          It's a project that helps the earth and that shall be part of the big story of our limitation.

          

        
                                                                  
        
          NARRATOR

          To clarify, Starck delivers his version of Darwin's theory of evolution.

          

        
                                                                  
        
          PHILIPPE STARCK 

          We was bacteria and after-- we become fish. After-- we become frog. It's not exactly the real story, but it's close.

          And perhaps I was some years ago like that. And after, I am like that. And perhaps tomorrow, I shall jump on that and fly.

          

        
                                                                                                   
        
          NARRATOR

          On an overpopulated world with diminishing resources, Starck has come to believe the first job of design is to help humanity
            achieve its potential. 
          

          

        
                                                                  
        
          PHILIPPE STARCK 

          That's why I ask you to make a project which is deeply in the history-- in our history-- of our limitation, but something
            which does have to exist because it fits in the big image like that. That is the challenge today.
          

          

        
                                                                  
        
          NARRATOR

          It's a tough brief. Starck's given the students free reign to design anything they like so long as it's of benefit to humanity.
            For the 10 students, all that remains is to stand and pitch to one of the world's most famous-- and most particular-- designers.
            
          

          

        
                                                                  
        
          PHILIPPE STARCK 

          OK, now we work. I shall love the guy or girl who'll bring me the right project. I shall hate the person who will give me
            the bad project because I waste my time. OK? Come on. Ilsa.
          

          

        
                                                                  
        
          NARRATOR

          27-year-old design lecturer Ilsa has gone down the environmental route with what appears to be an item of clothing that's
            made from fabric she's recycled out of tumble dryer lint. 
          

          

        
                                                                  
        
          ILSA

          My project is about constant change, intervention, and adaptation. Everything that we need in life has the ability to be renewed--
            to adapt. What I've produced is this object that I'm wearing-- this garment. And it's a regenerated item of clothing made
            from the lint out of a dryer in the launderette. 
          

          

        
                                                                  
        
          PHILIPPE STARCK 

          Hello. I'm sorry. To be sure-- this wool is made with the reject. The thing is a sort of dust from the dryer. 

          

        
                                                                  
        
          ILSA

          No, no. This is a scarf that I've bought. 

          

        
                                                                  
        
          PHILIPPE STARCK 

          Oh, you bought it? 

          

        
                                                                  
        
          ILSA

          This isn't the actual fabric. This is the fabric. 

          

        
                                                                  
        
          PHILIPPE STARCK 

          OK.

          

        
                                                                  
        
          ILSA

          And that is the actual stuff that it would be made from. This one here. 

          

        
                                                                  
        
          PHILIPPE STARCK 

          That means the project is not what you wear. It's this material with this thing. 

          

        
                                                                  
        
          ILSA

          Yeah.

          

        
                                                                  
        
          PHILIPPE STARCK 

          OK.

          

        
                                                                  
        
          NARRATOR

          It's a big error from Ilsa. The garment she is wearing isn't made out of recycled tumble dryer lint. She bought it. After
            all her hard work, a lack of clarity in her presentation may have cost her dearly. 
          

          

        
                                                                  
        
          PHILIPPE STARCK 

          You must understand your life can change because of a detail like that. If you don't know how to present it, you can be one
            more time Leonardo da Vinci finally then go to garbage. 
          

          

        
                                                                  
        
          ILSA

          It's disappointing that he thought I made a mistake with the presentation, but I thought about how he would interact with
            it. That's why I produced the tactile boards. But when you've only got a second or about two minutes to impress, a little
            thing like that can be a disaster like he said. 
          

          

        
                                                                  
        
          NARRATOR

          It's only increased the pressure on the next to present-- 32-year-old Rob Richardson. He firmed up his idea only two days
            ago. But he's come up with a practical solution to tackle the problem of land shortage-- build floating communities on the
            sea, leaving the land for crop growing. 
          

          

        
                                                                  
        
          ROB

          This is a concept, a model. This would be the land. This is the ocean. I think we need to build communities to live on the
            sea. 
          

          

        
                                                                  
        
          PHILIPPE STARCK 

          OK. Well, it's a nice idea. It's nothing really new. But finally, you just reproduced the same building which was on the land
            on the water. And you don't take the opportunity to reinvent something in architecture. 
          

          

        
                                                                  
        
          ROB

          For me it's more been about the whole concept of reusing. 

          

        
                                                                  
        
          PHILIPPE STARCK 

          But on the concept, you can do that in [INAUDIBLE]. You can just say that I think it's better to now go on the sea, better
            than the land. But in one week of work, you can explore a lot more. All the opportunity is this gift to you. 
          

          

        
                                                                  
        
          ROB

          Believe me, I've never thought so deeply about a project than this one. 

          

        
                                                                  
        
          PHILIPPE STARCK 

          You answer the question, but you don't apply it very well. 

          

        
                                                                  
        
          NARRATOR

          It's another damning response from Starck. And now Mike has to pitch his idea for improving communication between strangers
            via the novel medium of personalised t-shirts.
          

          

        
                                                                  
        
          MIKE

          It's about starting this conversation with someone like that. And that leads on to me. It leads on to learning about another
            person. And once you start learning from other people, you can start to take knowledge from that other person. Then you generate
            your own opinions. 
          

          

        
                                                                  
        
          PHILIPPE STARCK 

          But this type of message was done 15 years ago in Japan. It's a very, very low tech. OK, OK, OK, OK. It's not very ambitious.
            But why not? 
          

          

        
                                                                  
        
          NARRATOR

          Three students have presented. But no one has made a positive impact on Starck, a trend that continues when 27-year-old product
            design student Trevor pitches a machine to engrave information onto everyday, readily available materials.
          

          

        
                                                                  
        
          TREVOR

          So I was thinking what you could do is take a medium-- clay, or mud, or papier mache, or plastic-- and you transcribe your
            message. It can either be a restaurant recommendation or it can be a message about malaria. Or it can be whatever you like.
            And then that can be passed around from hand to hand by people in different countries. 
          

          

        
                                                                  
        
          PHILIPPE STARCK 

          Where is the progress? For me it's a regression. 

          

        
                                                                  
        
          NARRATOR

          Next up is Jess, who's taken a far more conceptual approach to the brief and come up with a radical idea to help create a
            worldwide sense of community. 
          

          

        
                                                                  
        
          JESS

          I'd like to help the earth by giving it a break. So that's my idea. My idea is to turn off the power once a year, for the
            next four billion years, for two weeks. So I'd like to unplug the world and unite all the people. 
          

          

        
                                                                  
        
          PHILIPPE STARCK 

          OK. OK. Why not? I love the way to think, just to make an abstract action. OK. OK. I understand.

          

        
                                                                  
        
          NARRATOR

          It's a lukewarm reaction at best. Freelance brand designer Robert Meredith is next to try his luck. 

          

        
                                                                  
        
          ROBERT

          The concept is based on a sensory kit containing objects designed to celebrate the bonding process between a mother and her
            future child. So I've selected these objects that are based around smell, touch for relaxation. And I've got light and dark,
            and music, and nutrition. And the idea is that you'd have a kit of these objects together. 
          

          

        
                                                                  
        
          PHILIPPE STARCK 

          OK. (FRENCH). It's my fault. I don't speak good English. But I understand everybody else. But you I never understand. You
            are dead. 
          

          

        
                                                                  
        
          NARRATOR

          Robert's inability to express himself clearly could threaten his place in the school. 21-year-old Polly is up next. She struggled
            the most with this brief and was one of the last to come up with an idea. 
          

          

        
                                                                  
        
          POLLY

          After breathing, water is the second most important element for human survival. And the UK is part of the lucky 10 per cent
            of the world that actually get treated water. But because we never have to monitor our water levels, we're quite ignorant
            towards water usage. 
          

          My idea is to bring the water meter into the house, make it a beautiful object. And the fascia, it actually lets you read
            your usage on a day-to-day basis. But not just for how many litres you're using, but how much you're paying. 
          

          

        
                                                                                                   
        
          PHILIPPE STARCK 

          I love this project! I think it's a really good idea, and you must propose that to the government. Good. Perfect. Perfect.
            
          

          

        
                                                                  
        
          POLLY

          For him to say to me that this project was good and that I should actually propose it to the government-- it's really surreal
            actually hearing someone of his stance say something like that to me. 
          

          

        
                                                                  
        
          NARRATOR

          Polly has been the first to grasp the real essence of Starck's challenge. While some students have lost themselves in abstraction,
            she has linked a global problem to a clear, concrete product idea, which couldn't be more different from Nabile's concept--
            the vehicle of mutation. 
          

          

        
                                                                  
        
          NABILE

          People would come to visit this tunnel. And what happens is as they approach it, when they walk they actually float through
            it. So if you look inside this model, you can see people beginning to float. This design will also represent a moment of our
            own evolution as a civilisation. And hopefully, when people leave, they have a different way of thinking about life, which
            will hopefully benefit the planet and themselves. 
          

          

        
                                                                  
        
          PHILIPPE STARCK 

          Nabile is incredibly smart because Nabile is thinking deeply what will please me. That means he exactly crystallised what
            I described. But the problem-- I described it. That means I know it. That's why what you show me, I know it because it's a
            result of what I have said. 
          

          

        
                                                                  
        
          NARRATOR

          Starck's reaction is a surprise to Nabile. 

          

        
                                                                  
        
          NABILE

          What I presented today-- in my opinion-- answered the question. He referred to me as being quite clever as to giving him what
            he wanted. But really, isn't that what the whole point is?
          

          

        
                                                                  
        
          NARRATOR

          Now it's Helen's turn, with an idea to help womankind. 

          

        
                                                                  
        
          HELEN

          What I'm trying to do is make this system that encourages women to use these environmentally-friendly tampons. So I've gone
            for the sea sponge because basically it's just a little pod that you click open. They shove it in, don't have to worry about
            it. Click it again, it shuts closed. They throw it in the bag. They get home, they click it again, shove it in the washing
            machine. 
          

          

        
                                                                  
        
          PHILIPPE STARCK 

          The idea looks good. Thank you, very much.

          

        
                                                                  
        
          NARRATOR

          Helen-- like Polly-- appears to have struck the right note. Next to present is 23-year-old Anna with a bamboo bin. 

          

        
                                                                  
        
          ANNA

          It's an outdoor organic bin. And then basically you put your seeds within these pockets. So you water the structure around
            and let the plant basically grow around it. 
          

          

        
                                                                  
        
          PHILIPPE STARCK 

          OK. OK. I'm not completely convinced that will help humanity to survive, but I love the way of thinking.

          

        
                                                                  
        
          NARRATOR

          The presentations are over. The students have all-- in their different ways-- attempted to answer Starck's brief and come
            up with designs that benefit humanity.
          

          Ilsa created a fabric made from tumble dryer lint. Rob came up with the idea of floating communities. Mike tried to help communication
            with personalised t-shirts, as did Trevor with his engraving machine. 
          

          Robert designed a sensory kit for pregnant women. Polly-- a wireless water meter. Nabile took the abstract route with his
            vehicle of mutation. And Jess was equally conceptual with her idea to turn off power to the world. 
          

          Helen pitched the idea of an environmentally-friendly tampon. And Anna presented a bin made of bamboo. 
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