
OBJECTIVE 
At this final stage, the interaction between designers and their production teams and the benefit 
of feedback come to the fore. This chapter reviews prototyping as a way of finalizing ideas 
before they are ready for production. It then examines decision-making in terms of budgets, 
schedules, materials, and sustainability. Lastly, the chapter highlights the documentation that 
should result and lessons that should be learned from the end of a project. 

KEY CONCEPTS 
• A designer must be a team leader and a team player. 
• 1he production team has knowledge and expertise that a designer should make the most 

of. Learn from them and teach them. 
• Feedback, both positive and negative, is valuable information. 
• Creating a prototype is a good way to finalize any ideas that still need exploring. 
• Designing is always about making choices and decisions, but never more so than at the 

point of handing final decisions to production. 
• Every project is a learning experience and should leave you with fuel for your next projects. 
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IT'S A WRAP! 
Congratulations! You have created your designs from a solid concept and presented them to all 
concerned with great results. Now is when some would say the work begins in earnest. It may 
certainly feel as if you are done, and you are partially justified in feeling so, since you have com 
pleted the crucial stage of getting the idea into the world. Your responsibilities are fulfilled. The 
production team takes over from here and sees your designs through to the end. But don't think 
you can pack everything up, hand over the designs, and fly to sunny climes for some well-earned 
rest. The job is not done; now the idea must become the object. Tempting as it may be to hand 
the job over to production and skip off into the sunset, you will need to be available to answer 
questions and address concerns. Sometimes designers are commissioned to bring the idea only to 
this point; but even when that is the case, it rarely turns out that way. Things go wrong, and you 
are needed. Things are unclear, and you are needed. Changes are needed, and you are needed. 

Production issues do not, of course, appear out of nowhere at the end of the design 
process. Just as in the Communication stage, the concerns of this stage are active from the very 
beginning and loom larger as you progress toward your finished designs, becoming your main 
concern as you prepare to hand your designs over to production. In fact, the concerns of the 
Production stage are largely related to communication, as there is now an entire team of col 
laborators waiting in the wings. 

THE PRODUCTION TEAM: MEETING YOUR MAKER 
Bringing a design to production requires that you interact with that production team. Depend 
ing on the scale of the operation and the discipline you are working in, this can involve a num 
ber of levels. There could be stages of engineering and prototyping; there could be numerous 
stages of production from the procurement of materials to the roll-out on the shop floor. 

Figure 7.1 Actually, 
the work is NOT done 
at this point for the 
designer, and even if it 
were, the next project 
will probably be waiting. 
Plan to be involved with 
the project into (and 
possibly beyond) the 
production stage. 



Figure 7.2 The 
reception area of the 
Milwaukee Art Museum 
shows the intricacy of 
Santiago Calatrava's 
designs. To achieve the 
delicate concrete work, 
Mr. Calatrava made 
great efforts to create a 
good team spirit in the 
team of builders and 
engineers. 

The designer, as team member and team leader, creates a lot of interesting social patterns 
within a workplace. Because the designer communicates with so many people on so many 
different levels, good work habits in terms of relationships with the team are paramount. The 
virtues that combine the characteristics of a good leader with those of a good team player are 
essential, since the designer must very often make a seamless transition between the two. 

First and foremost, working with a team requires you to have respect for the people you are 
working with and respect for their abilities, experience, and opinions. Working with disparate 
groups of people, you will learn very quickly that everyone has an opinion. It is very important 
for you as a designer to listen and respond, as often these opinions will have been based on 
experience. Some of your collaborators will indeed know more about the subjects at hand than 
you do. They will have more experience and perhaps even have encountered similar projects 
(and similar designers) before. It is very important not to be taken aback by this. 

An unfortunate side effect of the culture of many design programs is the distancing of 
design from factory floor experience. Having spent a lot of time successfully navigating projects 
in studios, newly graduated designers can perhaps take themselves a little too seriously, not real 
izing the enormous amount of knowledge and information to be had from carpenters, welders, 
seamstresses, painters, and so on. This was certainly true in my case; it took me more than a 
year on the job to understand that by graduating from college, I had only begun a new phase 
of learning. Listen to opinions, ask advice, but keep your vision intact by reminding yourself 
continually of where you are going. Refer back to the beginning of the project and keep the 
conceptual material in plain sight. Your concept board, sketches, and other material will serve 
as your navigational tools when a hundred opinions begin pulling your compass needle every 
which way. If you have communicated your vision effectively to the production staff, they will 
understand and respect it and help you achieve your goal. Be aware that respect works both 
ways: you earn it by giving it. 

Motivating the team requires a lot of time spent on communicating correctly. No one 
likes to feel as if he or she is "just working here," and the more creative the project, the more 

people like to feel that they are actively involved. By understand 
ing each person's talents and methods of contributing, even in 
small ways, you can find a way to involve each of chem personally, 
and thereby significantly, in the project. By acknowledging the 
importance of their contributions, you will bolster the pride they 
feel in their work. 

The following description of the efforts of a brilliant architect 
shows this respect for teammates well: 

Santiago Calatrava, the Spanish architect, may be 
best known for his flying buttresses of cable and 
steel, but at the Milwaukee Art Museum, his design 
also included intricate concrete work of almost 
weblike delicacy. "At the beginning I was told chat 
doing concrete in the U.S. is impossible," Mr. 
Calacrava said from his office in Zurich. "There's 
no tradition for form work. I thought it cannot be 
true. Look at the old T.W.A. building; it is a most 
exquisite example. Look at the Salk Institute." So he 
chose to work closely with local carpenters, teaching 
them exactly how to achieve the results he desired. 

"The team spirit in the U.S. is exceptional," he 
said. "Once they are in front of a challenge, they 
rise to it. It was a pure American effort." But to help 
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them get to that point, Mr. Calatrava invited the local construction managers to 
Europe, where they stayed with him and his family for 10 days of bonding. 1 

(See a sampling of Santiago Calatrava's work listed in Appendix 3.) 
In teamwork, whether you are a leader or a team member, diplomacy goes a long way. Your 

goals are important, and you should not compromise your vision. Then again, there are degrees 
of compromising. We looked at the question of "how good is good enough" earlier, and now we 
are back to another facet of that question: "How much compromise is too much compromise?" 
If you must adapt to someone's practiced technique or allow an artisan's style to influence your 
design, perhaps you are not compromising at all. Perhaps it is more than just diplomatic to 
say, "You are right; your way is better;" perhaps you are enhancing your design by admitting 
another's talent. Again, the key is to know your design inside and out. Know what is at its core: 
If the core is intact, you can afford all the diplomacy in the world, and your design will be the 
better for it. You have to know enough to be able to explain why your approach has to be the 
one followed. Diplomacy is politics, and workplaces are political places. This does not mean 
that you wear masks all the time and produce empty flattery. Rather, this means knowing what 
you want, knowing what everyone is capable of, and knowing how to make sure everyone gains 
something professionally. 

You cannot be arrogant, and you cannot badger people. In teamwork, nobody likes a brag 
gart or a whiner. When working with a professional team of people, be professional and stick to 
facts. Praise a job that is done well, and accept praise from others. But when it comes to public 
relations and self-praise, be very aware of the audience you are facing. Your communication 
should be clear, to the point, and relevant to your audience. Everything you say to the produc 
tion team about the design influences the design one way or another. If you are unprofessional 
and disrespectful about the work, then that feeling will spread. If you exhibit enthusiasm and 
curiosity about the process and the work of those around you, you will generate a good atmo 
sphere of collaboration. Generating a positive atmosphere to all involved is half the battle in 
successful collaborative designing. 

WORKING WITH FEEDBACK 
A benefit from following your design through the final stages toward production is the feedback 
you pick up. Feedback can come from different sources: the client, the production team, or 
even yourself. Feedback can even come from someone who has no involvement with the proj 
ect, such as focus groups, surveyed members of the public, or someone who simply comes into 
contact with the design in some way. Wherever it comes from, let the opinions and informa 
tion inspire and energize you. Positive feedback will do this easily. Negative feedback may be 
more difficult to handle; but if treated correctly, it can energize you even further. Let the entire 
process be a source of feedback. 

As you go through your designing, take a moment every now and then just to reflect on 
what you are doing and what you have done to get to where you are. For this process, it is good 
to keep a journal for each project. Keeping track of reflections by writing and sketching builds 
up an interesting collection of notes and images. Looking back over the journals at a later date 
can be extremely energizing and sometimes pleasantly surprising and affirming. 

Positive feedback is easy; we all like to hear good things about ourselves and our work. It 
is an excellent motivator. Because it is most often a pleasure, it is all too easy to just bask in it 
and not look at it closely to learn from it. When you get positive feedback from your designs, 
at whatever stage of the process you are in, stop and consider what it means. What exactly was 
being praised? Whatever it was, was it something you actually put into the design or some 
thing perceived by the viewer that you hadn't really planned on? Either way, whatever worked 



requires closer scrutiny to resolve whether it can lead to success in a new design. Perhaps it was 
something that resulted from your production methods, in which case, you must see whether it 
can be duplicated. It can also be reinforcement for the idea as a whole, in which case you may 
justifiably feel proud. Don't forget to give credit where credit is due. If the positive feedback is 
due to work from others on the team, delivering it to them is good for morale and reinforces 
the team spirit. 

Unfortunately negative feedback is probably the more common kind. People not only 
have an opinion, but also feel obliged to have one; it is usually easier to formulate a negative 
view. Difficult as it may be to hear someone criticize your work, you must view this as positive, 
even when you don't agree. By listening to criticisms, you have the opportunity to learn how to 
improve your design. It is therefore a good rule to not only listen to all the negatives, but also 
always to assume that they are true and correct until you can prove otherwise. 

Sometimes you cannot do that because matters of taste are subjective. In that case, you can 
equally impulsively either agree or disagree, only keeping in mind that if there is one person 
who thinks this, then there are sure to be more out there who think the same. Should you do 
something about that? Maybe you should; maybe you shouldn't. Chasing after everyone's opin 
ion will drive you crazy, and you must understand that you can never please everyone. View the 
criticism in the light of how it connects to the needs of your clients and end users and whether 
it may be valid from their points of view. 

Negative feedback will usually prompt an immediate reaction of some kind. Often, this 
will lead to changes in your designs, requiring the recreation of models or even finished prod 
ucts. In a theater I used to design for, the word changes was spoken at production meetings with 
dread, in tones one might associate with the words dead fish. Difficult as this was to hear, it was 
done, I might add, with some justification. Changes at the production stage are often costly, as 
things have to be redone, thus delaying production plans at a point when deadlines are looming 
and actual, and they can be purely irritating to the production team who see their hard work go 
up in smoke. However, if brought on for the right reason-they are beneficial to the design 
changes are worth the occasional bout of disdain and irritation. 

In any creative atmosphere, there inevitably will be changes due to feedback. You cannot 
collaborate with creative people without a concept evolving. Creativity breeds creativity, and 

Figure 7.3 It is very 
hard to accept the 
necessity of the 
presence of change 
at the final stage 
of a design. The 
suggestion that there 
will be changes to an 
established design may 
be met with a particular 
lack of enthusiasm 
reserved for dead fish. 
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the clearer the result of a project becomes, the more ideas will be generated. Use this energy, but 
don't let it get out of hand. Your job as a designer is to decide when to say "enough," often in 
direct conflict with your own desire to continue experimenting. 

One thing to be very aware of (something that often is not clearly understood by those 
outside the creative field): Any unexplored territory will have areas that will not and cannot 
be clearly defined until you get to them. You simply cannot see what it is until you see it for 
yourself The same holds true, on the technical side, for unproven technologies. It is not until 
you get to the final stage, where you can build a prototype and test it, that you know for certain 
whether things work. Clearly, the universe and Murphy's Law being what they are, it is almost 
inevitable that something will go wrong under such uncertain circumstances. 1here you are: 
changes, as welcome as dead fish. 

If negative feedback, whether yours or someone else's, has brought you to a standstill where 
you don't know exactly what to do, go back to the beginning of your design process and figure 
out where the problem came about. Reevaluate your design from that point on to see whether 
you can steer it back to a good place. Ask for advice from anyone who may be able to give you 
an insight, whether it is technical, practical, aesthetic, or philosophical. Whatever you do, do 
it as quickly as you can, but not so quickly as to compound any problems. Odds are that you 
have a production team waiting for your decision, and if they have nothing else to do, you are 
costing someone a lot of money for nothing by keeping them idle. 

You must keep in mind, however, that you should not let the thought of people waiting for 
a decision pressure you into making one that you are not happy with. If you must take your time 
to redesign and ponder for a bit, do so. But don't do so without informing those who are waiting 
on your thoughts that you are going to take a while. Most professionals know that this happens 
and will know that it is usually worth the wait. It is a large mistake to pretend that the pause isn't 
happening or to try to hide your hesitation by not discussing the problem with your associates. 
Designing feels like a solitary job at times and especially so at times such as this. However, it only 
seems that way because the designer is, as we have seen, not permanently placed, but operat- 
ing on many levels of discourse and collaboration. Not being on a fixed level, and therefore not 
permanently part of a group, creates an illusion of solitude that can be dispelled by realizing 
that communication and interaction, over all the levels involved, are an integral part of the job. 
As a designer you are the connector at the center of a very large group that is looking to you 
for answers. Although some of the answers may have to be found by you alone, most can be 
obtained through collaboration and discussion, and they are often the better for it. 

PROTOTYPING AND TESTING 
Prototyping is the creation of a model or mock-up of a design to test various aspects of the 
idea. The prototype is usually one of three types, depending on what use it is going to be put 
to. It can be a concept prototype, a throwaway prototype, or an evolutionary prototype.2 In each 
case, examined further below, there is valuable feedback to be had from the exercise, and there 
are benefits to be had from the three-dimensionality of the object. Three dimensions will show 
characteristics of your design that rendering never can, no matter how realistic that rendering is. 
Human perception is very much geared toward objects, and we are much more able to accept 
an actual three-dimensional representation as "real," even when its level of accuracy is far less 
than that of the printed or digital image. Prototyping is about more than the look of the design, 
however. It is also, and primarily in most cases, about the functionality and construction of the 
design in question. 

This is a good time to try out finishes, materials, textures, colors, and whatever manu 
facturing techniques you may need to explore. You may need to be sure that the accuracy 
of detailing will be what you want it to be. There may be questions about the soundness of 
construction, especially if you are using unproven, adapted, or improvised technology. Finally, a 



prototype can be usefu l to test the fidelity of the engineering. You may have not created the dia 
grams from which parts were made, or the actual structural elements may have been designed 
outside of the range of your oversight. A mock-up would be helpful to make sure the specifica 
tions are true to the original concept. 

A prototype should be full scale if at all possible. Th is allows you to make sure that the ele 
ments being tested approach their true functionality and that there is no danger of unforeseen 
scaling problems. Th e benefit is clearly that in having a workable three-dimensional representa 
tion, you can actually see and feel the function or interaction being tested, minimizing the risk 
of reality doing something unintended or unforeseen at a later date. 

If the scale of the model cannot be close to realiry, it is important to decide where the 
priorities lie in representing the design. If creating something that is at less than full scale, the 
careful relative scaling of materials is necessary but may result in materials in the model being 
weaker than they will be in the final result. Some materials lend themselves to scaling better 
than others. Those without patterns or textures read better at different scales than those that do. 

CONCEPT PROTOTYPING 

Figure 7.4 Before 
creating a prototype, 
consider its purpose. 
What exactly is to 
be tested, may be 
functional, or aesthetic? 
The prototype may even 
be experimental, with 
unknown results ahead. 

The concept model is a model or representation of the idea that can be very rough and thrown 
together, mainly for the purpose of communicating the basic concept to the team and client. The 
benefit of this kind of representation is that the whole team can get a quick sense of the object 
that is being created and connect with its reality, even though the idea is still in its early stages. 
Often this is done very close to the beginning of the design process to evaluate the idea before 
too much time and money are spent. Remember that when you create a concept prototype, you 
must not begin to get ahead of yourself and finalize your design before its time. When preparing 
for the presentation of an idea, it is always tempting to go a little further, and a little further still, 
but you must bear in mind the purpose of your model. It need not necessarily function or even 
be of the correct materials, but should at least imply all the function and nature of the design. 

An apparel designer may create a concept garment that is made of substitute fabrics and 
with nonfunctioning closures. This model gives the designer and production team a three 
dimensional representation of a finished garment, and as such, provides enough information 

for the creation of a functioning sample made of the correct, 
usually more expensive, fabrics. On the other hand, concept 
garments that are totally focused on "the look" are often 
exhibited on a fashion runway, and the reaction to press 
photos may be "who would wear that?"-which is miss- 
ing the point entirely. Automotive designers create concept 
models of vehicles that are sometimes just shells on another 
vehicle's frame. These are created to exhibit the direction 
of the company's design sensibilities and attest the reaction 
from future buyers. 

THROWAWAY PROTOTYPING 

A throwaway prototype is a model created for the purpose of 
testing a particular aspect of the design, most often a func 
tional element, such as the workings of a moving part, the 
interaction with the environment, or an exploration of scale. 
It is called a "throwaway" because a prototype of this sort 
will be created for the purpose of a single test before being 
discarded. It may be intentional to damage the prototype as 
a result of testing, as when a garment or piece of furniture is 
tested for wear and tear. 
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When creating and testing a throwaway prototype, make sure you get all the informa- 
tion out of it that you can. If the test will destroy it, is there more than one result that can be 
observed while it lasts? Another point to consider is that the creation of a throwaway, although 
technical in its purpose, may give you an opportunity to discuss the design from various 
angles with your clients and team. Before you embark on the tests that will destroy the model, 
consider whether it also can serve the purpose of being an introduction to the design's three 
dimensionality. Be careful, again, that there is no confusion about the nature of the model. You 
do not want your clients to think this is the product they are getting. 

EVOLUTIONARY PROTOTYPING 

Evolutionary prototyping is useful when design specifications are uncertain or need further 
exploration. In this case, the prototype serves as a work in progress, with changes being made 
as you learn and make new decisions. This can be very inspiring and fun. However, as is true 
of the conceptual prototype, the evolutionary prototype also carries with it the danger that 
you will focus too early on details and essentially finish your idea too soon, before you have 
explored all the possibilities your concept contains. 

"REALITY" 

In all of these cases, the creation of a prototype can actually influence the design to a very large 
degree. The idea shown as a three-dimensional object will often result in your perception either 
changing or refocusing: You may see things that you hadn't thought of before. Sometimes, 
because you are working with an incomplete or rough model, a prototype will result in a 
"happy accident;" something will go wrong, be incomplete, or just unexpectedly different, and 
you will decide that you actually like it that way. Be vigilant for these possibilities. Designs have 
a way of taking the reins and showing you where they are really going if you let them. 

Be very careful not to confuse your prototypes with reality, if you have substituted materi 
als or components for testing purposes. These are models; do not focus so hard on what they 
do at this stage that you forget to translate the experience into what could happen later on. 
Also, beware of a tendency to start "protecting" your models from the forces that you should 
be testing them against. If your prototype is intended to explore the interaction of your design 
with reality, then give it the full reality. If you were, for example, testing a toy design for two 
year-olds, you would want to give the mock-up to an actual toddler, who would randomly do 
something impulsive that you wouldn't expect. 

DECISIONS 
The largest part of a designer's job is about making choices. Some of these decisions may be 
clear and based on parameters that are known well beforehand; others are not. Sometimes you 
have very little choice; the decision is dictated by circumstantial constraints, such as budgets 
and scheduling. At other times the choice is entirely yours, perhaps when choosing materials 
or making aesthetic decisions. More often, there are constraints of differing degrees, which, 
when you are making choices based on principles of sustainability, for example, place you in the 
position of having to weigh and balance options. Prices may rise because of the use of sustain 
able practices, or organic or recyclable materials may be of different quality. These choices may 
not always make economic sense or even be completely logical within current market prin 
ciples. Rather, when dealing with ecological aspects, issues are long-term and therefore outside 
our normal economic cycle, which is usually short term and driven toward immediate profits. 
Ecological thinking is long-term and aims at quality-of-life benefits that are not necessarily 
quantifiable in monetary terms. This may therefore create tension between the design thinking 



and the profit motive behind the project. An emotional component can also come into play, 
and discussions, unfortunately, can turn political quickly. As a designer, you are the decision 
maker, but the decisions are often made as part of a dialogue and under budget constraints, and 
if ideology comes into play one must step carefully. 

BUDGETS 

As mentioned at the Identification stage, it can be difficult to accept that often your designing 
will be dictated by a budget. It is, of course, possible to see this as being as challenging as any 
other constraint, by treating the budgeting as one more piece of the complex puzzle that your 
project has become. 1he budgeting of a design is a puzzle within a puzzle, since the compo 
nents of a well-planned budget are many and diverse, and the budget is often the first thing 
that is definitely known abour a project. It is unlikely that a designer is in control of every 
aspect of the budget, and financial constraints are therefore, in most cases, the least flexible. 

For example, it is possible that the actual cost of having you design the product may 
be a factor in the budget. There may be a limit on how much time you can spend or the 
resources you can use. You may have to choose between time spent on designing and a choice 
of resources if things come down to the wire. The trade-off between time and money is all too 
common. 

Make sure you know as much of the budget requirements as possible right from the begin 
ning, and keep track of them throughout. You don't want to find yourself at the end stage of 
the process and be told that you need to stop because there is no more money. 

The requirements can be of all sorts. Often the maintenance of the operation as a whole 
has to be taken into account. There are bills to pay and perhaps rent. There may be payroll, 
which could be part of a bid, and you become responsible for the inclusion of this line in the 
budget. Then, there is the actual cost of building the prototype and final design. You need to 
budget for materials and resources, tools, technology, and expertise. Perhaps you need to hire 
someone for consultation. Finally, you have to factor in contingency planning in case there 
are surprise costs or unexpected problems that require money to solve. Even without major 
problems, it's fairly certain, especially if you are designing an untested product, that there will 
be something you didn't think of or something that costs more than you were led to believe. 
Adding an extra 15 to 20 percent to your budget is a good way to temper such situations and 
is common practice in budgeting, especially when bidding on a project. In most cases, it is the 
designer's decision-making that causes the pieces of the budget planning to fall into place and 
the puzzle to be completed. 

SCHEDULING 

The same attention to disparate detail in budgeting holds true for scheduling. You must decide 
the pace of the project, at least up until the point where the shop floor takes over. Can you cre 
ate the designs in a given timeframe? How long will the model take? When should you have the 
first, second, and third meetings with the client? Each of these meetings will probably include a 
presentation by you, so you must factor the creation of these into your schedule. 

You must also outline the priorities in terms of getting things done. What needs to be 
available to allow the project to move forward? Where is the information coming from about 
this and that? Who needs to make which decision about what? Who should you call and when? 
It goes on and on. Suddenly you find yourself stuck to a desk and a phone. It is somewhat 
disconcerting to first realize that scheduling is a large part of your job. Not much time goes 
into the organizational side of designing in school, but it is inevitable in the workplace and 
requires attention. Get help in the form of a spreadsheet program and a large calendar. These 
can be lifesavers when dealing with budgets and schedules. The time spent learning how to use 
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a spreadsheet is time well spent, especially if you have long-term scheduling and budgeting that 
will need updating or you are running multiple projects, where one can benefit from the core 
planning of another. 

Whether you want to be on a virtual or physical desktop, the main thing is to organize 
your planning so that it is always visible. Don't ever try to keep everything in your head. Have 
your calendar where you can see it, write everything on it, and look at it often. 

MATERIALS AND AESTHETICS 

Materials were very likely already defined in the earliest stages of your project, so by the time 
you get to production, things should be clear, definitions nailed down, and materials procured. 
However, even at this stage, decisions about materials may need to be made. The production 
methods may require changes. For example, machinery may require different thicknesses of 
material than you intended, or there may be feedback from the production crew that suggests 
alterations to the choices you've made. Also, feedback from prototyping may influence your 
choices or confirm ideas that were not yet fully clear. 

Where there is a collision between the needs of manufacturing and your design, it is often 
because the decisions you have made are defined not by a practical, but rather an aesthetic 
sense. At this stage you may be required to defend your decisions or make compromises. You 
come back to the point of deciding whether the outcome will be "good enough." Think back 
to the architect Yoshio Taniguchi. Just as he found himself looking wistfully at seams in a wall 
that he would have had perfectly smooth, you need to decide that you cannot have everything 

Figure 7.5 A good 
calendar may be a 
lifesaver when dealing 
with budgets and 
schedules, especially 
if you have long- 
term scheduling and 
budgeting that will 
need updating or you 
are running multiple 
projects, where one 
can benefit from 
the core planning of 
another. Time spent 
on organization is time 
gained! 
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be exactly the way you envisaged. Your role at this stage becomes one of defending your vision 
from deterioration, utilizing the production crew's knowledge to enhance it, and deciding how 
good "good enough" actually is. 

SUSTAINABILITY 

Issues of sustainability come to the fore during production, where the environmental impact of 
a product is often the largest: in the delivery of materials, actual manufacturing, packaging, and 
transportation to market. Designing for sustainability requires vigilance over the entire life cycle 
of the product, and you can make a big difference here by influencing where materials are pur 
chased, to minimize the amount of transportation necessary. You may also be required to justify 
design decisions that do not, perhaps, make immediate economic sense. Your product may, for 
example, require a slightly more expensive material or manufacturing process to minimize pol 
lution, but the expense will be recouped in the long term through increased loyalty from your 
clients or through reaching a market that the product would not appeal to otherwise. Another 
example may be that the material is more expensive because it lasts longer or is recyclable, re 
quiring fewer new products. This can be difficult for both client and producer to accept, as this 
breaks the cycle of our consumer-driven economy and the mind-set of the modern consumer. 
Profits may go down when the end user, who is habituated to quick renewal and constant shop 
ping, does not need to shop again right away. Both sides are unhappy as a result. 

The environmental decisions may come at you from the other direction as well. You may 
find that there are production parameters that can minimize waste if you make changes to your 
design, such as substituting natural dyes for chemical ones or by eliminating the need for a 
process that is very energy consuming. Such decision-making may then again require that you 
educate the client in the issues involved. As mentioned before, communication is the primary 
issue. Educate and inform your team and your clients as much as you can, and make sure you 
have all the information you need to impart. The more you involve everyone in your thinking 
regarding sustainability, the likelier you are to create a ripple effect that will benefit everyone in 
the long run. Because true sustainability comes from improving practices throughout the entire 
life cycle of the product, such a ripple effect is, in fact, necessary. Without collaboration from 
all stages, from sourcing materials to end users, sustainability cannot be achieved. Designers, 
being the hub of this network, are well placed to influence all the other players. With such 
power comes responsibility. 

DOCUMENTING 
Resist the temptation to put the documentation of your project on the back burner. It should 
be extremely easy to keep a record of each project, given the ease that digital technology has 
brought to the game. Especially when projects overlap, the time it takes to archive portfolio 
material seems like time you would rather spend on something else. Make it an integral part 
of your projects to store images, digitally or otherwise, safely and in an organized manner and 
with descriptions, dates, and names affixed. Years from now, when you need a portfolio or want 
to revisit an old idea, you will appreciate the effort. Any organization is better than none at all. 

REVIEWING THE DESIGN PROCESS 
1his book presents the design process in a much more organized manner and drawn with much 
clearer lines than happens in reality. The order of the stages is most often as clear, but their 
division is not. They may dovetail, and you may find yourself looping back. However, in one 
manner or another, you will visit all the stages between the time you are given the project and 
the time when you deliver the finished product. You will even find that you are working on 
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more than one stage at once, as chances are that you will have more than one project running 
at once. Most designers do not have the luxury of putting each project to bed before beginning 
the next one. You should be able to let the overlapping schedules help you, as each stage has its 
own set of priorities and mental states, and you can allow each project to inform the other by 
looking from one stage to another as you go. 

Finishing a project is seldom as easy as you would hope. Details multiply at every turn. For 
every solution you come up with, ten new questions surface, and they may require backtracking 
and revision. Even during manufacturing, your oversight may be needed, and, even if it isn't, 
you're at least emotionally invested in seeing the project come out well. So until it is actually in 
the world, you are not able to leave it be. It is only then that you can be sure you don't have to 
make any new decisions or revisions and only then that you can look at it and see it for what it 
really is. 

As we have already seen, things are seldom what they were first meant to be. Your final 
designs will be different from the initial image in your mind, and it is hugely beneficial for you 
to keep track of the trajectories of projects. This way you learn what to expect from your pro 
cess and how to direct the arc of your creativity as close as possible to your intended target. 

Treat the end of each project as a learning opportunity. What worked? What didn't? What 
surprised you? What do you know that you didn't know before? 

What you have created in response to the exercises and examples in this book, if kept in an 
organized fashion, can constitute a record of your progress through the project; even if you can't 
see it immediately, you will eventually see the arc that you traveled. You can use this informa 
tion to repeat what worked and avoid what didn't. Consider the sidebars and the interviews 
with the different designers and artists in this book and emulate their approaches and what they 
have acquired through their years of experience. Realize that this process does not end: It flows 
back into itself and always leaves something to be explored further. Using the knowledge of 
the stages and the thoughts and approaches suggested here, you should be able to design with 
energy, interest, and, most important, with joyful inspiration. Have fun! 

Figure 7.6 A design project produces all kinds of documents and files, folders and details that need 
to be stored and archived during and after the project. Get into the habit of organizing and storing as 
you go. All this information is a potential resources for your next project, and may well be needed for a 
repeat performance. 



PALMI EINARSSON, 
DESIGN DIRECTOR, 
OSSUR GENERATION II 
Palrni Einarsson is the design director at Ossur, an 
international manufacturer and leading innovator in 
the field of prosthetic and orthotic devices. He led the 
team responsible for the Rheo Knee, which was chosen 
by both Time and Fortune magazines as one of the 
best products of 2004. 

The design process at Ossur has been very much the same 
since 1998. We have five basic gates [that] all our designs 
must go through. 

The first gate entails a very brief introduction of the 
general concept and basic financial numbers, pitched 
to the directors of the company. If they find the project 
interesting, a collective decision is made to formally 
accept it, after which we can begin to use time and 
resources for further development. 

Second, all the numbers are presented in detail: 
development costs, projected sales, the definition of the 
target market and its size, and production costs along 
with a definitive concept and the technical platform 
for the product. Everything is put into one document 
that gives us the net present value of the project, which 
tells us what the profit from the product should be five 

years after its introduction to the market. If the directors are happy with the project as is, it is 
approved, and we move on to the design and prototyping stage of the project. 

When we get to the third gate, all the designing has taken place, the product has gone 
through the necessary testing, and risk assessment has taken place. At this point all the alpha 
(prototype) tests are complete, and the product should now function according to the prem 
ise of the design. The designing of the product is now suspended, and the product is formally 
handed over to production. As the product comes out of production, a previously determined 
number of pieces are put into beta (market-ready product) testing in the market for about two 
months, and if everything is in order, a meeting is called. This is gate four, where the designing 
is formally over. The product cannot be sold until it has reached this point. 

When the product has been in the market for six months, a final gate, the fifth, is set up to 
review the project's budget and see whether the response to the product has been as expected, 
and if not, why not? If there are problems, projects are created to find solutions. If there are 
no problems, or once the solutions are in place, this chapter is closed, and the project is now 
formally over in all aspects. 

Of course this is just a short summary, but the process is very well organized with much 
paperwork at each stage. This guarantees that everything has been done, done correctly, and 
prevents problems from emerging. 

The design of the Rheo Knee is the widest-ranging project our company has ever been 
involved with, and it took place more or less along these lines. The idea for the design of the 
knee came from the Massachusetts Institute of Technology. There, the prototype of the hard 
ware and the highly sophisticated software were developed, and a team at MIT created all the 

201 



202 

original models. When a functional prototype that could be fitted to a person was ready, the 
project was moved to Ossur in California, where we had a team of six who were originally only 
meant to take the project and wrap it up. They soon found that there was more to it than that. 
As they began to polish up the design, various problems came to light. 1he biggest obstacle 
came from the technical platform the product is based on, the rheological Buid technique. To 
understand this, you have to realize what a knee actually does. A knee is basically a brake, if 
you think about it. Its function is mainly to keep you upright. You only exert muscular energy 
in the knee to get up from a seated position or to walk up stairs; 90 percent of the time you are 
only using it to arrest the motion of your legs. 

As a brake, a prosthetic knee has to be very intelligent, and our knees' abilities are based on 
complex algorithms designed at MIT. 1here are various types of brakes, and the most common 
in prosthetic knees, until now, has been hydraulic systems. The problem with using hydraulic 
systems is that you need to control the size of an opening through which the hydraulic Huid 
Bows. If the brake must move quickly, the opening must open wide so that a lot of Buid can 
Bow through in a short time. This, however, is difficult to make happen quickly enough. Imag 
ine you're walking, and your leg swings forward in smooth but rapid motion. As soon as the 
foot begins its downward motion, the knee must begin to brake, but not lock. We essentially 
have built-in shock absorbers in our knees. As this is extremely difficult to control, MIT began 
to look for alternative options and found a result using the rheological Huid, which consists 
mainly of a suspension of microscopic metal spheres. The joint is built up of many thin layers 
with the Huid between them. The Buid responds to a magnetic field with increased viscosity, 
thereby increasing the resistance between the layers and slowing down the movement. This 
technique makes the Rheo a very special knee, as the response using the Buid is much faster 
than in a traditional hydraulic mechanism. 

However, at the time we began this, the Rhea's Buid technology was completely new, and 
there were only a few versions available. The biggest challenge in this project was related to the 
further development of the Buid. Standards dictate that a prosthetic knee must sustain one mil 
lion steps a year, but the original Buid lasted for only 5,000 to 40,000 steps, because the metal 
spheres began to break down and Batten. 1his resulted in the knee stiffening, and eventually it 
would stop functioning as required. It took us almost two years to develop the Huid, as this is 
a new technology with nothing available off the shelf. 1he Huid is now a mixture of different 
substances that prevent it from breaking down, and its lifetime is close to three million steps. 

A great deal of work also went into perfecting the software, which is extremely compli 
cated. The knee must sense, as soon as the foot touches down, whether you are walking on 
level ground, or going up or down stairs or an incline. 1he knee does this by incorporating a 
microchip, which receives a thousand readings a second from two pressure-sensitive cells and a 
sensor measuring the angle of the joint. The information streaming in is stored and continually 
compared to new data. The knee therefore has the capability to learn from-and constantly 
adapt to-the wearer's gait. 

The original project team consisted of eight people. 1here was an electrical engineer, who 
directed the project and created the software, two mechanical engineers in charge of hardware, 
two technicians in charge of static tests and prototypes, a chemical engineer, who designed 
and created the Buid, a prosthetics specialist who fitted the limbs to people and analyzed their 
gait, and finally, an administrator. This group was entirely responsible for the functional design 
of the knee, and when I came to be in charge of the project on the California side, the design 
looked too, well, functional. I realized that we were working with the newest technology in the 
field of prosthetics and that this knee would get a lot of press, so I decided to bring an indus 
trial designer into the group to design the product's look to reflect the cool modern technologi 
cal aesthetic. 



I contacted the Prologus Design Factory in Iceland and enlisted Gudmundur Einarsson. 
We gave him the framework, and he began working with materials that would be both practical 
and visually pleasing. He wound up using very anatomical forms, and you can clearly see a calf 
and knee implied in the Rh eo Knee's outer casing. He also chose a fairly soft polymer for the 
cover so chat the tactile sensation would not be cold metal, as is so often the case, but rather a 
soft and comfortable texture. Th e soft polymer also functions as a buffer when the user kneels 
down. Prologus sent us a drawing and a model that was presented to the engineers, [who] then 

proceeded to create rapid prototypes using [the modeling software] SolidWorks. Now, engineers 
do not always have the same understanding of details as industrial designers; they would change 
a radius here and a curve there to make it easier to create the concept model in the software. 

I had to be a bit diplomatic to achieve the look we wanted, as the first SolidWorks render 
ings we received from the engineers didn't even resemble the designs from Prologus. So I called 
a meeting and said, "Yes, chis is fairly close, but could you change this radius?" pointing to just 
one of ten forms that needed correcting. "No problem," they said, and this is how it went ten 
times-one detail at a time. Finally, it wound up being 100 percent what the industrial design 
ers had intended. It was all rather tricky because the industrial designers were very attached to 
the lines they had created. I guess there is something in the training of industrial designers chat 
allows them to be very confident chat their design is the exact solution to a design problem, 
without perhaps being able to explain exactly why. This, on the other hand, is something engi 
neers often have a difficult time working with. 

What gets me excited about design projects is chat I feel there are always so many possibili 
ties in everything we do. I have been designing and leading design projects for Ossur for almost 
ten years, and what I always enjoy is seeing the product making a person's life easier after what 
has sometimes been a very difficult time. For example, when the first ten users we recruited 
to test the Rheo Knee had worn chem for one month, we had to take five back. 1hey worked 
very well, but we didn't have the manpower at that time to follow so many test subjects. It was 
tough to take back the knees, because the people had begun to live their lives in a different way 
than they had before; there was so much more they could do with this device than with their 
old prosthetic. The five were almost brought to tears. However, this told me that we were on 
the right track and made us even more determined to move forward (not that we get any kicks 
out of making people weep). 

When a project concludes, we hear through our sales force that our end users are enor 
mously happy-that's our goal and that gives us all the inspiration we need. Nonetheless, after 
a long project winds up, I personally like to turn to something else for a while and, on a regular 
basis, enjoy going out into nature, fishing, or golfing, just to empty my mind. 
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MADISON MAXEY, 
DESIGNER AND 
ENTREPRENEUR 
Madison Maxey has been working in the 
fashion industry since age 15 with companies 
like Tommy Hilfiger, Nylon Magazine, and 
Peter Som. She lived in France for a year 
at age 16 and ran a popular fashion blog 
that garnered her invitations to Paris Haute 
Couture shows and Mercedes-Benz Berlin 
fashion weeks. On returning to the United 
States in her senior year of high school, 
Maddy won a CFDA/Teen Vogue Scholarship for college and interned in California and 
New York. Currently, Maddy lives in New York City, where she spends her time building 
her newest venture, CRATED (thecrated.com). Taking a leave of absence from Parsons, 
the New School for Design, to start her own clothing company (Madison Maxey Blazers), 
Maddy conducted a successful Kickstarter campaign, received acknowledgment from 
industry leaders, and developed a love for entrepreneurship and all things technological 
and Internet-based. With a goal to combine all things technological and fashionable, she 
was accepted as a Thiel Fellow for the class of 2013 and was subsequently named a "Female 
Founder to Watch" by Women 2.0. 

My interest in design was born out of technical skills when I was fairly young: I was taking 
sewing classes when I was about eight years old. I loved sewing, and I loved the idea that I could 
hack into a system. I would see something in a clothing store that I really wanted but wasn't my 
size and my mother didn't want to buy for me. Through sewing, I knew I could go home and 
make that very same object but make it perfectly, make it to fit me. I saw it as getting around 
the system. As I learned more about sewing and got more involved in it, I learned that there was 
this whole wonderful world around it: The Fashion Industry. So I began diving into the industry 
itself and learning about that world, and about all the different designers. With that, I realized 
that there is this wonderful aspect of design that comes with making anything: When you 
think carefully about the design behind a product, you realize that it is a tool; it's not a product 
anymore, it's a tool with which you can signal something that you're looking for to make your 
life more functional, to make your life more interesting. I really loved this concept. So I read up 
on the history of fashion design and really studied construction techniques and visual design 
techniques. I ended up going to school at Parsons to study design, but I left pretty quickly, 
got involved with technology and, with a co-founder, started a company called CRATED that 
works on the intersection of fashion and technology. We're looking at manufacturing technology, 
looking at textile engineering and low-impact wearables that don't rely on expensive technology. 
We're interested in fashion tech that isn't really out there yet. 

I had wanted to start a clothing line when I left Parsons. I'm the kind of person who believes 
anything is possible until I've proven otherwise, so I thought, "Oh, OK, I can completely do 
this!" I found a manufacturer, we produced a season, and while I could do most of the logistics 
myself, I couldn't produce the website. That was really frustrating. It was something that had 
seemed so elementary. This kind of sat in the back of my mind, and in the meantime I had heard 
about the Thiel Fellowship, the program that is now enabling me to do what I'm doing. You 
have to be tech savvy for that, so I realized I would have to improve my technical skills. Getting 
involved in the tech-space and learning more about all that, I realized how much it could-but 
wasn't-contributing to the fashion industry. So it became obvious to me that I should combine 



these two industries that I really love and see what comes out of it. The most interesting concepts 
come out of interdisciplinary work, things we've never seen before. 

What energizes me is to know that I can create anything I would like to see be a part of 
this world. I guess that's sort of where my excitement comes from: exploring the unexplored. I 
had a conversation with my roommate recently about which was more powerful: thinking or 
creating? We humans think and then create. Th e thinking without creating can be very depress 
ing, but creations often lack a purpose. Her emphasis is in the mental and mine is on the 

creative. If I choose to apply all of my efforts, I can maybe make whatever I would like. What's 
more exciting than trying to create something that seems impossible? 

I've been asked recently how I can be so confident, but I wouldn't consider myself an 
unusually confident person. Anyone is capable of making anything, but they don't because "it's 
hard" or "it's no fun." There's always a reason to not do something. "Oh I was tired" or "I didn't 
feel like it." I'm generally never tired enough or lacking the motivation to not to do the things I 
set out to do. So it's not really confidence, it's just knowing that it's possible, that I choose to do 
it, and that I'm not going to be deterred from doing it. 

On the other hand, I have a massive inability to deal with the mundane. It's challenging 
to deal with it-I can't listen to somebody talk about going to the grocery store and what they 
need to buy and all that ... I can't sink into everydayness, into normality. That's a problem, 
because you kind of have to do that. I realize that that's an optimistic fantasy ... that I can't 
really stay away from the everyday reality in front of me. 

Now, I've never been a teacher (I was a pre-school teacher, but I guess that doesn't count, 
because all you do is play) but if I were in front of a group of students starting in design, I'd tell 
them to keep in mind that the impossible is possible. Something that you want to design or 
create, something that you want to talk about, something that you want to be, it might all be 
possible. It just requires a bit of hard work and dedication. I'd tell them to realize the limits to 
the barriers that they think are in front of them. Some of them might not actually exist. 

Then I'd tell them: You have to know your industry, know your skills. Know the history 
of your field. If anyone is in your vicinity that you can meet with and learn from-make sure 
you learn from them! Get experience you can learn from. Have a wide range of technical skills. 
I had an internship at a PR house that showed me how important it was to have technical skills. 
I was there with about 20 PR interns. They all wore black and nobody knew their names-it 
was just: "Intern! Get me coffee!" all day. But I was a graphic design intern, so I was valuable 
because I had technical skills. So I got a desk and could meet with people and have conversa 
tions and ask for advice. 

Also: Learn about your industry, learn CAD, learn Photoshop, learn Illustrator, read as 
much as possible, learn about anything tangentially related about making what you'd like to 
make-all this makes you become valuable! When you do that, doors will open. 

Me, I haven't been able to think too far into the future, since even only two years ago I 
wouldn't have been able to imagine where I am now. But I would like to be the person who 
created a new system of modular clothing in a system that is sustainable. I would like to have 
an innovation lab with my friends where we work on the wildest technologies in the fashion 
technology space, and we could license technology to allow us to pay the smartest people we 
know to do research and build things. I want to create a world of wearables that is a self 
sustaining ecosystem. A lot of wild things have happened in the last two years. I can't imagine 
what the next 40 years will be like! 
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STAGE 7: PRODUCTION 

APPAREL: PRODUCTION 
The concerns of production will largely revolve around time. For the jackets, making sure all 
the materials, elements, and notions are ordered, shipped, and in place in time will be crucial. 
Booking time for the construction must be done far ahead and making sure that what gets 
delivered is in fact what was expected will be crucial. Quality control must be maintained and 
samples of finished product must be inspected. Finally the project must be only considered 
a success once the garments are in the stores and on the customers and the customers are 
happy. Keeping an eye on this process and adapting the designs for the next round, based on 
the feedback from the manufacturer, sales-staff, and owners of the garments should influence 
future decisions. 

CHAIR: PRODUCTION 
The concerns of production of a piece of furniture have a considerable range, depending on the 
production methods, materials, and tradition under which it is being made. In this example, 
the nature of the chair itself is a factor. Being made from found elements, its artisanal nature 
makes the production unpredictable to a certain degree. Preparing for production will therefore 
require planning for a series of eventualities, but keeping the selection of components (parts 
and connectors) such as to make construction possible in any case. The production team will 
have to be skilled in craft with multiple materials and have enough experience to be able to 
"think on their feet." Seeing the chair in place, in use, in a store, being sat on, will be proof of 
the design. Also keeping careful watch over wear-and-tear and any complaints or problems will 
allow for adaptation in future designs, especially with something so sculptural in its essence. 

GUI: PRODUCTION 
Given the high level of interactivity, the proof of a user interface is in its use, far more than 
in its style. Of the three designs presented in these sidebars, an app or web page is probably 
the easiest to monitor and the most flexible in response, but also the most prone to receive 
criticism. The client will have suggestions, the users will have opinions and the technology 
will change quickly. To all of these, you as a designer should be ready to respond quickly, 
efficiently, and to your client's satisfaction. In production, the application must be tested and 
tested again under different circumstances and with users who have no prior knowledge of 
it. Here, careful planning in earlier stages pays off, with the desired flow and action taking 
place, but the unexpected and random actions of users should be field-tested by users with no 
prior knowledge or involvement. Fixes can and should be made immediately and then new 
tests run. But even after the rollout of the new product, the demand for updates and fixes will 
arrive and should be carried out swiftly and precisely. 



1: PROTOTYPING 
Design and create a prototype or sample of your designs from the previous chapter. Consider 
the following factors: 

• Emphasis: What important features must you emphasize? What is essential to get across to 
the audience? What may safely be left out? 

• Functionality: How much functionality will be built into the prototype? What do you need 
to see work? Can you do this in a separate model? 

• Scale: Consider the scale of your model. Can you create a full-scale prototype? If not, how 
will you represent the design as truly as possible within these restrictions? What can be 
presented accurately and what not? 

• Materials: What materials will you use? Can you use all the materials that will be used in 
the final product, or do you need to substitute? 

• Testing: What tests does your prototype need to undergo, if any, to ascertain the design's 
viability? Are there issues related to recycling or reuse of materials that can be examined? 
How will you make this happen? 

2: PLANNING 
• Considering the prototype you have created, do you think any changes or adjustments are 

necessary? Where in the hierarchy of needs do these changes fall? 
• Break the design into production elements. Create diagrams and annotated sketches of 

details for each element. Include all information required for their construction. 
• Set up a timeline for the procurement of materials and the construction of your design. 

Where are there possible bottlenecks, and how may they be resolved? 
• What could go wrong in the creation of your designs? How will you avoid these problems? 
• What are the issues related to sustainability in your designs? Where can you improve on 

them to lessen their environmental impact? How does this influence other sections of the 
design's life cycle? 

• Create an illustrated "memo" to the production team: It will be helpful to imagine that 
you are working with a team in a design studio. 

The team may involve the following: 

• Assistants 
• Buyers . Detailers 
• Engineers 
• Production crew 
• Budgeting managers 
• Public relations personnel 

What information does each section of the team need to help move your project forward? The 
following could be addressed: 

1. The overall purpose and aesthetic of your design. Consider 
• functionality, 
• style, and 
• current trends to follow or contradict. 
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2. What is needed in terms of 
• materials, 
• structural elements, 
• detailing, 
• decoration, 
• color, 
• budget points (high, low, or danger zones), and 
• sustainability. 

3. Who should be told of changes and adjustments, and what do they need to know? 

3: WHAT NOW? 

• 

Given that you have completed your designs, what would your next round of designs be? 
What will inspire you to begin the next project? 
How would you use your experience from this project to gain a better experience from 
your next one? What would you tell someone else about to go a similar route? 
Reconsider your designs, and design for complete sustainability. What have you learned 
that can be applied? What changes? How would your initial approach be different on your 
next project? 



1 "Building a Bad Reputation." New York Times, August 8, 2004, Art/Architecture section. 
2 Will Lidwell, Jill Butler, and Kritina Holden, Universal Principles of Design (Gloucester, 

MA: Rockport Publishers, Inc., 2003), 158. 
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