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INTRODUCTION


Why We Prototype


Behind every successful product design is a story of numerous refinements and much hard work. The fact is that the transformation of an idea into a real product takes a great deal of work, involving more than simply creating pictures on the computer. Product design is a complex activity, which involves working with other people and disciplines, coming up with creative and useful ideas, and testing and verifying the numerous issues before the product is ready for market. The primary message of this book is that building and testing through physical prototyping is a component of a successful design process. Whereas 3D Computer Aided Design (CAD) has made it easier to visualize, analyze, and implement product solutions, physical prototypes can be played with and scrutinized in a way that is not possible on screen. As a result, they precede and complement most of the computer rendering and animations that happen in real-life projects. Just as the computer helps integrate interdisciplinary activities on screen, physical prototypes draw people together in face-to-face discussions that lead to a different level of interaction between clients, designers, and end users.


DEFINITION OF PROTOTYPING AND MODELMAKING


The terms physical prototype and model can be used interchangeably to describe a preliminary three-dimensional representation of a product, service, or system. In recent years, the use of the word “prototype” has become favored as it is more encompassing. A wide range of physical prototypes is used throughout the design process to simulate different aspects of a product’s appearance and function before it is produced. This book will show why physical prototypes are essential to the design process, and how they are used to solve a range of problems associated with new product development. Each new version of a prototype or model is known as an iteration.


Prototyping and modelmaking, although inherently related terms, can refer to different activities. In terms of research, prototyping is a design method that uses physical prototypes to study and test how a new product will be used, and how it will look and be manufactured. On the other hand, there is the step-by-step modelmaking method of producing the prototype. For this reason, this book has been divided into two sections: Prototyping and Modelmaking. The first section, Prototyping, describes what physical prototypes are and how they are used in product design and development. The second section, Modelmaking, specifically addresses the many issues regarding materials and options for construction. By being mindful of the reasons why we prototype, we should be able to make better choices about how we make prototypes.
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The Fiskars Multi-Snip pruning tool went through many iterations and evolutions, as shown in this progression of prototypes.





PROTOTYPING IS A FORM OF PROBLEM SOLVING


Prototyping is a key problem-solving activity in product design. It starts right from the beginning of a project and continues right into production. Given the complexity of product development, it is critical to take as much of the guesswork out of the design process as possible, and prevent surprises from showing up later in a project. It is much less expensive to solve problems early in a project than later, when tooling may have been started and sales commitments made. Prototypes evolve along with the design process; simple prototypes serve as initial three-dimensional sketches and are then replaced by iterations of successively more refined versions.


The more complicated the product, the more disciplines will be involved, and the more prototypes typically needed. Physical prototypes enable teamwork and collaboration, since they serve to gather team members around for discussion and reflection. The prototypes oblige the team to deal with real issues, which are more easily ignored in memos and verbal discussions alone. Prototypes are also used to study and compare alternative approaches. This includes testing everything from technical requirements of construction to usability.
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A student examines progress on a drill appearance prototype in the lab.





MODELMAKING


The rich design tradition of developing sensitivity to materials, manufacturing, and workmanship is based on the idea of learning by doing, which goes back to the beginning of industrial design. We actually learn different things from making the prototype (modelmaking) than we do from using the prototype as a research tool. Material properties do not have any real connection to the world we live in unless we first inform our senses in a hands-on way. By experiencing real materials and processes, the material qualities gain meaning. The sensibility and experience attained from this process form the basis for intuition and are therefore essential for conceptualization. Experienced professional product designers also build models by hand, as shown through the case studies in this book. This is especially so in the early stages of a project, when modelmaking is used as a form of explorative ideation. These early prototypes are a conversation between the object and the designer, and help inform the decisions about what might work and what might not. This connection between the mind and hand is a fundamental philosophy of this book. Prototypes and models are thus created for the purpose of learning and allowing the design team to fail in a safe way.


PHYSICAL AND DIGITAL PROTOTYPES


Product designers need to have competency in several skills, including sketching, CAD, and modelmaking. These are all critical tools and should be used effectively and not exclusively. A workflow that shifts back and forth between different skills expands the creative possibilities and is more balanced.


Computer technology has completely changed the way in which products are conceived and developed. Virtual computer models allow us to visualize the product, see how parts fit together, calculate the weight, and carry out performance simulations along the way. Physical prototypes, on the other hand, answer questions that are hard or impossible to address on the computer alone. These questions usually have to do with the qualitative human aspects. Whereas computer simulation can be used to verify many technical requirements, physical prototypes can be placed into real environments and have tangible qualities, such as weight, size, and texture, that can be experienced at first hand. Experienced designers build a great many physical prototypes along with virtual computer models. It is not a question of physical versus digital, but rather a matter of how the two approaches complement each other best. The tutorials in this book show workflow that involves sketching, CAD, and physical modelmaking used in a complementary fashion.
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The Fiskars post-digging tool was first made by hand and tested (left) before creating a 3D computer model in CAD (right).








BUILDING BY HAND AND USING DIGITAL TECHNOLOGIES


All physical prototypes used to be built manually by hand. Nowadays, as will be shown later in this book, new digital technologies enable 3D computer files to be output to automated computer-controlled prototyping machines. This may create the impression that prototypes no longer need to be made by hand at all, but that would be far from the truth. As will be shown in the case studies in this book, early ideas are actually explored faster by hand. What starts as sketches and quick handmade models gradually migrates to the computer and eventually from there to rapid prototyping or CNC machining.


Chapter 7 discusses how manual and digital ways of working complement each other and how new technologies such as laser scanning help designers reverse-engineer handmade models into CAD. There is, in other words, a convergence happening between traditional hand skills and computer skills. The computer mouse is probably going to be increasingly displaced by more natural and fluid input devices, which electronically simulate the sketching and sculpture-making process. This has already happened with the digital sketching pad, where the stylus is now the input device. Similarly, 3D scanning of handmade models is a common method for car designers and, increasingly, industrial designers as well. The modern design process is evolving, requiring designers to have one foot inside and one outside the virtual world every step of the way.
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New interfaces are changing the way designers work. Products such as the Creaform 3D scanner (above) and the Cintiq® interactive pen display (below) blur the lines between analog and digital methods of working.





ORGANIZATION OF THIS BOOK


The first chapters of the book explain why prototyping is so important to the design process. The many uses of prototyping will be shown in the context of several comprehensive projects by some of the world’s leading design firms.


The second part of the book is an introduction to the typical materials used by designers in their prototyping efforts and how to work with them. In all cases, the approach is to use digital and manual tools in a complementary and effective fashion. Tutorials were specifically developed for the book that underline the back and forth of digital and manual ways of working. The emphasis is on the kinds of construction that can be done by the designers themselves. Health and safety is stressed in terms of personal responsibility and awareness. As students leave their universities, they are likely not to have access to some of the world-class facilities to which they may have become accustomed. Being able to create models in simple materials in a healthy and safe manner will be important.
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1


HOW PROTOTYPES ARE USED


LEARNING OBJECTIVES


• Explain the difference between low- and high-fidelity prototyping


• Describe the four main uses of prototypes and how they can be used at different stages of a project for problem solving


• Propose an approach to using prototypes in a design project


• Analyze case studies from industry from a prototyping perspective


• Discuss the difference between what is learned from making prototypes and what is learned from using prototypes after they are constructed




[image: Illustration]


[image: Illustration]


[image: Illustration]


Carleton University students, to complement some of their early concepts for a new baby stroller design, used quick explorative prototypes. Kinex, foamcore, and found objects were among some of the different approaches chosen by the students to help communicate the ideas.





Physical prototypes are used in myriad ways to solve problems and develop a better understanding of design requirements. In conjunction with sketches and other design methods, they aid in: idea exploration, user testing, communication, design verification, and standards testing. A single prototype often has more than one function: for example, exploration often involves some simple user testing as well. The following categorizations are not meant to be prescriptive, but rather draw attention to the many uses of prototypes.


EXPLORATION


Just as brainstorming and sketching are fundamental to ideation, the physical dimension allows materials to be experienced in a hands-on, playful way that is not possible through two-dimensional visualization alone. Explorative prototyping involves rapid and sequential modelmaking to supplement sketches. This quickly helps to gauge whether an idea is worth pursuing and may even lead to fruitful unexpected insights, and hence to more innovative products. A low level of fidelity is often enough to serve as a proof of concept. Different organizations will have different names for explorative prototypes. The term “breadboard” or “mock-up” is often used to describe a low-fidelity works-like prototype, whereas low-fidelity looks-like prototypes are often called sketch or massing models. In this book, the term “explorative” is more encompassing as it describes any quickly made prototype for examining alternative emerging ideas. Functional exploration is usually highly experimental and rough. Sometimes products are taken apart and recombined into new functional creations. Mechanisms or other elements of the product may even be built in Lego® to get a feel for how it works, which in turn provides a foundation for the next iteration.
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“Looks-like” models are often made from easy-to-sculpt foam, as with these form studies of the Tana Water Appliance.





Exploration has to do with curiosity and discovery. Exploring new materials or technologies is just as important as exploring form and function. The famous Finnish architect Alvar Aalto developed his innovative laminated birchwood furniture through an extensive prototyping approach. This is even more important today, given new technologies and emphasis on sustainable design. For example, the Nike Trash Talk shoe evolved from designers at Nike exploring how to produce a quality athletic shoe using leftover materials so as to reduce its environmental impact.
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The Nike Trash Talk shoe.





Exploration of form (sketch or massing models) usually starts in low-fidelity materials such as foamcore, cardboard, or polystyrene foam. The approach is often to work directly from a quick sketch rather than to create exact drawings. Speed is of the essence in order to examine different options effectively before committing to a particular design direction.


Professional industrial designers build many early prototypes to generate and explore ideas in conjunction with sketching and computer work.


An explorative prototyping approach informs the designers’ thinking and often leads to unexpected insights gained from experimentation and testing. These insights in turn lead to more innovative products because the designers learned something new that could be incorporated into the design.
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In the development of the ball-flinger dog toy, Mixer Design Group generated explorative models to visualize and evaluate ways in which to throw and pick up the ball. By building a set of early works-like prototypes, they were better able to evaluate different ideas and approaches quickly and effectively.
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Mixer Design Group developed the StarMark disk-shaped fetch toy for dogs through a process that involved a series of explorative prototypes in addition to sketching and computer work.






Guidelines for Exploration:


• These prototypes are mostly built for yourself, to help you understand what you are doing.


• Keep the model simple and free of details that detract from its purpose.


• Make appropriate use of materials. Also use materials to experiment.


• Build models in parallel to explore different issues, for example, works-like versus looks-like prototypes.


• Think of the prototype as disposable. This is an experiment to answer questions: try to learn from the model.


USER TESTING


A modern design approach involves ongoing research into how people interact with a new product, interface, or service. Designers use prototypes to look at what people can and want to do, instead of making assumptions about their behavior and preferences. By doing this early on in the design process, the observations form a framework for user-centered design requirements. This has become one of the most compelling and significant uses for physical prototypes, because it is impossible to test the user experience of a physical product through the computer alone. Prototypes are thus used to test a range of ergonomic considerations, including human fit and size as well as cognitive issues.


The testing cycle consists of building a prototype, testing it with real end users, and then observing the outcome of this interaction. This type of ethnographic research is greatly aided by prototypes and includes videotaping of participants to uncover obvious problems or to verify that the design is proceeding in the right direction. Testing can lead to some interesting and unexpected design opportunities. The more alternatives that are investigated, the more will be learned.


The starting point is often simple handmade prototypes in low-fidelity materials. Sometimes the entire environment of use may need to be prototyped, for example the interior of a car or airplane. By focusing on people and their interactions, the prototypes can be kept simpler in construction. This allows more options to be explored and changes to be made. Paper prototyping is a technique for testing a screen-based interface with a series of paper templates that mimic the software.


Full-scale prototypes help to finalize task flow and design requirements. The fidelity is gradually increased as more details are resolved.
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The iterative test cycle includes observation of end users.






Participants


Choosing the right participants is an important consideration. Whereas classmates might be useful for pilot studies, it becomes important to enlist the right end users in order to make the correct observations. This is also an opportunity to address a more inclusive design process by considering universal access issues in regards to people with disabilities. Suggested further reading is listed at the end of this book. Consider the rights of the people participating in your testing. If the information is to be published or shared, then privacy rules apply. Fortunately, there are many good resources for conducting ethical studies, and universities require that all studies involving participants have ethics approval. Common sense obviously dictates that participants should never be involved in something that could have any adverse effect, especially regarding safety. User testing is only for the purpose of seeing if people can easily use the product: the prototypes are never to be used in testing strength or any other aspect that could potentially put the participants in harm’s way.


Guidelines for Usability Testing:


• Be clear about the test and the tasks and build the model for that specific purpose.


• Obtain guidance on participant selection or refer to books on usability testing.


• Consider universality by including people with disabilities where necessary.


• Explore use from a general context into a more specific context. The overall experience and purpose is the starting point, as opposed to how the buttons should be arranged.


• Observe and document all interactions.


• Make sure to obtain ethics approval before testing with participants.


• Use electronic prototyping toolkits to prototype the experience.


• Never make prototypes that in any way expose the participant to any possible harm. If in doubt, do not proceed and instead get expert help.


COMMUNICATION


Product design is inherently an interdisciplinary activity. Product designers frequently need to communicate their ideas to end users, engineers, and marketing professionals, who are not necessarily looking at the project from the same viewpoint. In the movie industry, storyboards visually communicate design decisions such as the setting, costumes, and story in a comic-book format. A series of still photographs with participants using physical prototypes and acting out intended scenarios can be used in the same way, to show other stakeholders how the product will be used and how it fits into its intended environment. This form of interdisciplinary communication is important in order to make sure that everyone involved with a new product’s design and market release is consulted.


Appearance Prototypes


After idea exploration and testing with end users, the design of a product will progress toward a higher level of detail and refinement. High-fidelity looks-like prototypes are used to communicate the final appearance of the product. These final appearance models also have several prototyping uses, such as presentations to clients for sign-off before final tooling investment is made. They can also be displayed at trade shows, or used for professional product photography to announce a new product release.


This type of prototype is very much about visual refinement. Not only should the form and edges be precise and include exact edge radii, but manufacturing details such as parting lines and paint finishes should also be accurate down to the actual surface texture of the parts. Graphics will be applied to add final realism as well as to confirm placement. This level of detail can be created in computer renderings, but there is an aspect of reality that can only be appreciated through holding and turning something physical in one’s hands for closer examination.
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Simple low-fidelity prototypes in cardboard, in conjunction with paper prototypes of the screen interface, establish the interaction sequence and overall design requirements for this student project for a postal-station kiosk.
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The postal-station kiosk was user-tested with a full-scale low-fidelity prototype (top). Once the product configuration and architecture had been completely tested, the final design detailing and manufacturing considerations had to be taken into account. The final design was communicated through a third-scale appearance prototype (above).





The level of skill and amount of time involved in making such models is very high. In professional practice they are almost exclusively built from 3D CAD files, either with high-resolution 3D rapid prototyping equipment or by Computer Numerical Control (CNC) machining of the parts. These processes are described in detail in Chapters 9 and 10. CNC machining parts in high-density polyurethane foam has often been the preferred approach to making appearance models. This gives a high-resolution surface finish that requires very little finishing beyond painting. Increasingly, parts made by rapid prototyping are exhibiting the same surface quality and are used interchangeably.
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This student-built appearance prototype clearly communicates the design details and innovative tool-less maintenance features.





The student project above demonstrates how an appearance prototype was used to communicate both the form and innovative features for a new electric chainsaw. The idea was to simplify regular electric chainsaw maintenance. The appearance prototype does not work, but it clearly communicates how this design simplifies chain lubrication and replacement. The oversized oil refill cap and chain release are both designed to release without tools, which is quite obvious by looking at the prominent visual cues in these interface areas.


Physical Context of Use


Physical prototypes have the benefit of being able to be studied in their real physical context of use. Teams at Motorola Consumer Experience Design Group and Insight Product Development collaborated with the National Football League (NFL) to redesign the NFL coaches’ headsets. The final design included three different configurations that were prototyped as high-fidelity appearance models. The appearance models were instrumental in making sure that the Motorola brand was clearly visible on national television. This included the use of actual broadcast video to examine different logo options in snow and fall outdoor lighting situations.



Guidelines for Building Prototypes for Communication:


• Who is the audience? Where will they see the prototype and when?


• What is being communicated? Will the prototype be on display or will it be used for a demonstration purpose?


• Is it something that should be done in-house or should it be sent to a professional modelmaker?


• Think about communicating corporate identity, color options, textures, and other details.


• A full-scale appearance model is an opportunity to examine the product in its intended environment of use.
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Appearance models of the Tana Water Appliance are shown here as a high-fidelity foam model and as a high-fidelity final appearance model identical in appearance to the final product.





DESIGN VERIFICATION


Many aspects of a product have to be tested and optimized prior to mass production. Digital CAD simulation has become an essential part of the process to verify overlapping issues with regard to appearance, manufacturing, and performance. Some common simulation features include assembly part interference checking to ensure that parts fit together properly, and photorealistic rendering to verify that the product will look as intended. More advanced tools include Finite Element Analysis to check for stresses, strains, and deflection during static loading or drop testing. CAD models can in turn be output to 3D printed models (see Chapter 9). These can be fitted with working breadboards and other working components to create fully functional prototypes.


The table below shows how digital and physical prototyping complement each other. There are distinct advantages to both. Virtual simulation can happen very quickly and is useful to study the effects of loading and other functional parameters.






	VERIFICATION ASPECTS


	PHYSICAL PROTOTYPES


	DIGITAL SIMULATION







	Aesthetics and branding


	Appearance model


	CAD rendering







	Task mapping


	Working prototype


	3D animation







	Manufacturing fit


	3D printed parts


	Part interference checking







	Mechanisms


	3D printed parts


	Kinematic analysis







	Strength


	Machined components


	Finite element analysis







	Heat dissipation


	Working prototype in lab


	Heat transfer analysis








At the same time, it is impossible to verify ergonomic issues such as comfort without real physical prototypes. In the NFL coaches headset redesign (below), it was necessary to verify the comfort and wearability of each one of the three distinct and different headsets through physical prototypes that could be worn and tested.
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Insight Product Development created appearance prototypes to communicate the final design intent of the redesigned Motorola NFL headsets and to make sure the Motorola brand would be visible on national television.





In real-world projects, prototyping continues right up until mass production begins. Design is an interdisciplinary activity and engineers and product designers work side by side to make sure that things function flawlessly. It is easy to make adjustments to a prototype before production has started. With new high-accuracy digital manufacturing methods, prototypes can be made that have the exact shape of complex injection-molded parts. This allows for testing of pre-production products and allows for a transition into an ongoing quality assurance process.
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The comfort of each of the redesigned Motorola headsets for the NFL was verified through prototyping.





TECHNICAL PERFORMANCE TESTING


Technical components such as motors, fans, and batteries are sourced from specialized manufacturers. Although technical specifications are provided by the manufacturers, it is common to verify these components in a lab environment as part of the engineering process. The testing may include a benchmark of competitors’ components to compare performance and cost. This type of prototyping often requires the construction of test jigs and fixtures, which, depending on the test and situation, may require professional engineering involvement. The testing apparatus in this case is made to obtain repeatable and measurable quantitative data.




[image: Illustration]


This clear plastic prototype of the V6 Dyson handheld cordless vacuum shows the importance of prototyping the entire product prior to production.





SAFETY STANDARDS TESTING


Product safety standards involve physical testing in a controlled laboratory environment. These standards are designed to protect consumers and are produced by organizations that specialize in assessing product risks and dangers. Standards organizations and independent testing labs will perform these tests for companies, to act as third-party validation. The tests simulate possible dangers, including impact, electrocution, strangulation, or whatever hazards have been identified for the product category. The testing is done in highly controlled environments to ensure safety for the technicians and to have accurate results. Bicycle helmets, for example, are tested by dropping them on to anvils from a certain height in a drop tower. This simulates a person falling off a bike traveling at a certain speed and hitting various objects.



PROTOTYPING IN DIFFERENT FIELDS OF DESIGN



The field of industrial product design has grown remarkably in the last 20 years. Design researchers use prototypes extensively in order to learn about end-user needs and gather data about behaviors and preferences. These prototypes are often required to collect data that is simply unavailable unless you have people interact with envisioned systems and processes. The Ecotality Blink Electric Vehicle Charger case study (here), for example, examines issues that relate to a new way of charging cars in various locations including at home, at a store, or at a quick-charge station. The early prototypes serve as probes and provide insights into understanding the design issues better.


Interaction design has become another particular focus for the development of services that reside on smartphone apps and websites. The paper prototype is a favored method by which to quickly sketch and compose ideas by hand on pieces of paper that can be quickly changed on the fly while testing usability, before migration to a digital application such as the Sketch software application.


The emergence of new production technologies, such as 3D printers and laser cutters, has had a profound effect on manufacturing. Digital production methods can be more easily tweaked and have caused the distinction between prototyping and manufacturing to be, in some cases, indistinguishable.


The Internet of Things brings together these various fields in terms of products and services that are interconnected through the Internet. This becomes a more encompassing prototyping endeavor that deals with interfaces and physical products that together form a more complex system defining the end-user experience. This increasingly requires product designers to make prototypes of electronic products that replicate the end-user experience in more detail through the concept of physical computing. This is discussed in Chapter 3 on Prototyping Interactive Electronic Products.


Design has become an interdisciplinary activity and, as such, beyond the product it becomes important to prototype more aspects of the entire experience of a company’s service. This can include prototyping websites, printed matter, logistics, and a host of issues. The approaches and fundamental elements in this book can still be applied to most of these situations. Start with simple prototypes and allow them to evolve, and learn from each iteration.


FROM START TO FINISH: COMPREHENSIVE CASE STUDIES


The use of prototypes will now be shown in the context of a few complete professional real-world design projects. As can be seen, the exact nature of the process will vary from organization to organization, as well as with the scope of the project. Student projects may last a few days or a whole year. In industry, projects could last for several years and be part of an ongoing product-development process.
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This test setup was built by FilterStream to test the suction of its handheld vacuums. The amount of suction inside the box is measured while the vacuum is running to verify performance.
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This test setup was built by Mixer Design Group to simulate and test the effect of a dog biting a pet toy. The metal rods and clamping pressure mimic the dog’s mouth.











CASE STUDY


Duo Gaming Family of Products
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The Duo Gaming product line: Duo Gamer Lite (left), Duo Gamer Pro (second from left and far right), and Duo Gamer Arcade.





Building simple prototypes and models to explore and test ideas is something that experienced designers frequently do in combination with sketching and CAD work. Such models are often built by the designers themselves in order to address issues that can only be figured out using a hands-on approach. Furthermore, as this case study will demonstrate, low-fidelity models do not require extensive modelmaking facilities either; they can be produced quickly and easily with simple materials and a few handheld tools.


When designers Alex Diener and Kristin Will from the Seattle company Pensar Development teamed up with Duo Gaming to create a new line of iOS mobile gaming devices, they needed to address a number of design aspects. Firstly, the devices had to be comfortable in the hand. Secondly, they had to look good and establish a brand identity for the product line, while also complementing the high visual quality of the Apple products they were intended to interact with. Finally, they had to work cognitively and effectively as gaming devices, which required testing with end users as part of the interaction design process.


In order to enrich the experience and provide multiple options, three devices were developed. The Duo Gamer Pro is an ergonomic game controller for the iPhone and iPad, and serves as the cornerstone of the product family. Unlike game controllers for larger gaming stations, it also needs to support an iPhone while playing. The Duo Gamer Lite is a smaller, lightweight mobile gaming platform. And finally, the Duo Gamer Arcade is a joystick-enabled interface that is described as “the quirkiest member of the family.” The product family responds to the lifestyles and preferences that emerged in the research phase of the project, under the theme of “seamless, mobile, and connected.”
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Design explorations for the Duo Gamer Pro started with sketches. These then identified the issues that needed to be explored further using handmade models.





Design explorations for the Duo Gamer Pro began with sketches. These identified the issues that needed to be explored further using handmade models.


Although the designers started ideating on paper, they quickly moved on to building explorative models that could also be employed for user testing. In the case of the Duo Gamer Pro, the sketches gave a good impression of what the device might look like and how it would work, but a series of highly sculpted foam models needed to be built in order to explore how the product would feel in the hand. This philosophy of “designing by the hand for the hand” became integral to how the designs were developed. While carving these models, the designers experienced the sort of “conversation” that often occurs between an object and its designer: as features are added and immediately experienced, a designer can feel their way through a design as it evolves in their hands and mind simultaneously.
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Models for the Duo Gamer Pro were hand-carved out of polyurethane foam (see Chapter 15) using handheld rasps and sandpaper. Simple models allowed for a variety of forms to be investigated in terms of ergonomics, as well as how they would sit or stand while being charged.





These models were then tested by blindfolded end users, so as to get objective feedback on the feel and function of each unit. Hand shapes and preferences will not be identical across a group of people, so it is always important to obtain data from a number of users.


For the Duo Gamer Lite, the models were less sculptural, because the form was rather flat to begin with.


Testing here had a slightly different purpose and focused on the importance of attaching and removing an iPhone quickly and seamlessly—a key aspect for this product. The designers also gained a better understanding of some of the pros and cons associated with each unique design configuration.


For the Duo Arcade gaming station, the placement of the joystick and buttons were quickly modeled on simple foamcore blanks (see Chapter 15), allowing the team to evaluate different configurations without getting preoccupied with final forms too early on.
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Simple foam and polystyrene models allowed the designers to explore various methods for attaching an iPhone. The attachments themselves were modeled using available materials such as rubber bands and cording.
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These models illustrate how the designers focused on modeling the higher-priority issues first. In this case, the iPhone attachment needed to be resolved ahead of the exact product shape.





The explorative models for each of these products were essentially experiments—they did not need to work flawlessly or look finished; they were simply learning tools. And considering the sheer number of models involved, it would not only have been very time-consuming to develop them in more detail, but also costly and unnecessary. For the Duo Gamer Pro, the three-dimensional form was clearly important as it defined the grip and control of the product. As will be shown in Chapter 7, scanning the final model also became a way to define the form in CAD. In the case of the other two products, issues such as phone attachment and button layout were the key concerns.




[image: Illustration]


The primary objective with these models was to study button and joystick configurations. Joystick controllers were made from Styrofoam balls affixed to wooden dowels, the buttons were made from thin pieces of wooden dowel, and pieces of foamcore were used for the bases.





The designers also found physical models useful for countering the problem of “CAD vision,” which Diener describes as the loss of perspective of scale that can occur when product designers rely too much on CAD, thereby skewing design and engineering decisions.


Learning how to identify the most critical issues is something that evolves with experience. Such tacit knowledge is hard to codify or put into words, but it allowed Diener and Will to determine what needed to be tested first, and which materials and approaches would be most effective. It is important to remember, too, that every situation is different; formulaic approaches cannot replace experience and judgment. This is also why, in our age of digital design, it is important that students and younger designers remember to take advantage of the hands-on learning made possible by handheld models.




[image: Illustration]


[image: Illustration]


[image: Illustration]


The 3D-printed form models of each of the final design directions.





Once the primary issues and design direction had been identified and iterated upon, the designs became more specific. This is also when Pensar started inputting the forms in CAD in more detail. Sketching and modelmaking continued, but became more detailed and refined.











CASE STUDY


Lytro Camera 3.0
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The Lytro 3.0 light-field imaging camera is strikingly unique in its form and function—something that was accomplished through an interdisciplinary design process and good prototyping methodology.
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The design of the iconic Lytro camera was developed by NewDealDesign in San Francisco. It uses a new technology called light-field imaging, developed by Stanford doctorate student and Lytro founder, Ren Ng. Instead of capturing only the light information related to a specific lens focus, this camera takes pictures that include information about the direction, intensity, and depth of light. Picture focus can therefore be altered dynamically after a picture is taken—photos can be sharpened, or the focus can be adjusted to highlight a specific object in the foreground or background.


For the design of the camera, prototypes were used in most of the ways described in this chapter, including exploration, user testing, communication, verification of ideas, and technical functionality testing. Prototyping also helped support an interdisciplinary approach in a fast-paced, high-tech project where end user-requirements, technical functionality, and brand awareness were all critical to a successful product launch. In order to achieve a strikingly simple and intuitive new design that broke with traditional notions of what a camera is and how it is experienced, the engineers, product designers, interaction designers, and marketing professionals needed to work together.


In the Stanford labs, the technology required a large laboratory setup of multiple lenses. The engineering challenge was to miniaturize all of this onto a single board sensor in order to allow the product to be commercialized. The major design constraint for the product was the size of lens that had to be used. In theory, a more compact custom lens could have been developed, but the cost and time restrictions involved ruled out this option.
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Dr. Ng’s Stanford laboratory setup. The initial laboratory setup used an array of full-size lenses and cameras to prove the technology. This was eventually shrunk to a single camera.





Chad Harber, lead designer on the project at the time, determined that the first step was to explore alternative form configurations, based on accommodating the size of the lens. His team created a series of quick sketches and simple low-fidelity explorative models in materials that were easy to work with, including foam and wood.
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Simple sketches and models were used to explore formal configuration.





As can be seen, the models and sketches were abstract; there is not much to indicate that these are cameras. This is because the prototyping conversation evolved mainly around proportional issues and overall massing. Harber’s team then developed a divergent range of compelling concepts, based on a variety of form factors that emerged from this exploration.




[image: Illustration]


This large camcorder lens had to be incorporated into the product, and it came to define the form factor.





Many of the initial ideas included a large screen, simply because this was assumed to be a requirement. The fact that this camera was intended to be different, however, led to an insight that eventually resulted in a smaller screen. With a traditional camera, the photographer requires a large screen in order to spend time composing and focusing their subject. The intention for this camera was that a picture could be focused and manipulated later. One of the conceptual ideas, code-named “Iris,” stood out because it had an extremely simple form factor, based on a smaller screen, which made it suitable for the operation of this camera. The aim was to produce a form that reflected how unique the product was in terms of its technology—or, as Harber put it, to “rationalize the insides then build a design language that relates to it.” This realization allowed the team to converge on the simple and integrated design proposed by Iris.
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The Iris concept, employing a simpler and more integrated screen and form factor, was uniquely suitable: the technology of the new camera allowed the photographer to focus an image after it was taken, making a large viewfinder less important.





However, the design direction still needed to be verified with the rest of the team and the stakeholders. Prototyping proved to be an invaluable tool for achieving this quickly and effectively. The two main concerns were the small size and placement of the screen, and the center of gravity and associated ergonomics of holding a camera that lacked a distinctly separate body.
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Numerous shape options evolved from the early abstract form models.





A weighted test model was made in order to determine the placement of the finger-activated shutter so that it sat directly above the center of gravity. The screen size was also tested using an iPod mini placed at the rear of the model. This was a critical step in the buy-in process for the stakeholders. Once the idea had been accepted and solidified, the team were then able to move toward actual implementation and the more detailed design aspects.
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Left: A test model incorporating an iPod mini as a screen and (below) a sketch used to investigate the camera’s center of gravity.
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One of the challenges that remained was to resolve how the internal components could fit inside the compact casing. Conventional wisdom calls for a single printed circuit board (PCB). However, these take up a lot of room, so the designers produced a sketch proposing a daisy-chained PCB instead.


Subsequent technical testing with CNC and 3D-printed prototype housings and working electronics confirmed that the daisy-chained PCB approach would work. This then led to the final refinements, including the anodized metal lens casing that also gives the product directionality, and the rubberized lower third of the body, which provides additional tactility and incorporates a shutter and capacitive zoom slider button.


The success of this design demonstrates how important it is for designers to remain involved throughout the process, ensuring that design intent is maintained while engineering and manufacturing details are finalized.
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Above: A cross-sectional view of the CAD model shows the layout of parts including the daisy-chained PCB. The sketch shows the idea of daisy-chaining the PCBs in the housing.
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Right: The exploded view reveals how internal components were redesigned to fit into the form factor designed by Chad Harber and his team at NewDealDesign.
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Below: multiple CNC-machined and 3D-printed housings were used for technical testing and performance prototypes.














CASE STUDY


ECOtality Blink Line of Electric Vehicle Chargers
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The ECOtality line of Blink electric vehicle chargers includes a wall-mounted residential charger (middle), a pedestal commercial charger (top), and a commercial DC fast-charging station (bottom). Each of the three different types of use had to be considered in its own context.





This case study showcases the work of Frog Design of San Francisco working in partnership with ECOtality, a company specializing in clean electric transportation technologies, to develop its line of three different “Blink” charging stations for electric vehicles. It not only illustrates the importance of real physical prototyping throughout the design process, but also shows how the prototyping needs and methods may vary based on the intended environment and specific issues for each product. According to design director Howard Nuk at Frog, “Physical experimentation (in-studio and on location) was the only way to both challenge and prove our theories. For each of the three chargers, we createda series of models to test specific usability, structural, and aesthetic hypotheses.” The context of each product is different, even though the products are all chargers.


The first of the three chargers was a wall-mounted unit designed for private garages or carports. Secondly, a pedestal-mounted charger was designed for multiple installations across parking lots. Lastly, a larger commercial unit, designed to fit between two parking spaces in a gas station environment or in front of a retail big-box store, was developed for fast-charging a vehicle in about 20 minutes.


All these environments had to be studied and understood in detail, requiring extensive exploration and investigation using models.


For the wall-mounted residential unit, a full-scale foamcore mock-up was created in the studio. This was instrumental in gaining two insights that would influence the product’s configuration in this environment. The first observation was that garage spaces are tight and consequently the charger’s profile had to be kept as close as possible to the wall. The second was that constraining the cable wrap to the charger housing (like almost every wall-mounted charger to date) had a series of functional limitations. The cable wrap was instead made into a separate entity, allowing the customer to mount it closer to the electric vehicle charging port while keeping the charger housing and touch screen at a more comfortable eye level.


Simple low-fidelity models of the charger were used to act out scenarios and to confirm the proper design configuration.
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Low-fidelity full-scale prototypes were useful for user testing and showed that the residential cable wrap should be kept very close to the wall and separate from the charger housing.





Electric vehicle chargers operate with thick copper wire. This raised many questions about functionality. Would users find the cable heavy? How far can a cable be conveniently pulled? What would happen when the temperature fell below freezing and the copper hardened?
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Designers did usability testing of the heavy charger cables for the fast charger and realized that it would be much easier to operate if the cable was suspended from a higher point.





To address such questions, the team froze cabling to understand bend radii and maneuverability, mocked-up parking/charging situations of all kinds, and even devised weighted pulley systems to test cable weight management.


For the pedestal-mounted unit, it was critical to understand how the design would be suitable to the many different types of environment around storefronts and parking lots. Taking photographs and creating layouts of various real-life configurations allowed the team to examine the flexibility of installation.
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Simple scale models examined different means by which to alleviate some of the fast-charger cable weight from the user’s hands. Simple models help people visualize ideas and aid discussion among team members.





For the fast charger, the primary issue was the size and weight of the charging cable. In order to achieve the 20-minute charge, the cables needed to be almost twice the weight of the other charger units. Different solutions were brainstormed and visualized as small-scale models. These were useful for discussion and enabled the team to discount complex and unworkable ideas from the start. Instead, they chose a simpler strategy that suspended the cables from a high point, thereby reducing the resultant lifting force.
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