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ABSTRACT 
“Prototyping as a Process: A Framework For Product Development 
And Case Studies Analyses”, consists a bibliographic research in order 
to understand the activity of prototyping as an evolutionary process, 
also seeing prototype as a set of experiences and preliminary studies, 
during the product design development, and not only as presentation 
models.  
The creation of a framework based on bibliographic information and 
re-interpretations of different prototyping models, aims to represent a 
guideline model for product development in design, representing also 
an orientation point to compare and analyze different examples of 
product development process using prototypes. 
The presentation of case studies, intends not only to demonstrate the 
importance of prototyping as an activity, but also to validate the 
creation of prototypes as a process within the design process, by 
using examples of product design development based and developed 
in Portugal, which are not presented on bibliographic references 
about prototyping. !
Key-words: Prototyping Process; Product Development; Industrial Design; 
Prototype Experience; !
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1. INTRODUCTION 
Prototyping is a fundamental activity in the design process, by creating physical models and 
physical representations of ideas. Although, this activity should not be seen as a stage of the 
design process, or even just the final model made for presentations. In fact, Prototyping must 
be seen as a tool and a technique to be applied during the product development, a process 
within another process.  
Following Tim Brown(2009), from IDEO, the general idea is see prototyping as the final stage, 
and a prototypes as the refined and finished models. However, that definition must go further 
into an approach of prototyping as the activity of making rough and simple studies, opposed 
to creating good looking and final models. This way, it is important that the use of prototypes 
continues to be explored and practiced, in order achieve better results and better products, 
but also to go further in knowledge and different approaches about the activity of prototyping 
(Lim, Stolterman et al., 2008). 
The activity of prototyping must be seen as thinking physically, as prototypes can be seen as 
tool and a mechanism to manage design and innovation risk(Kelley, 2001; Schrage, 2013). The 
practice of making prototypes, and the design itself, is moving its focus to an approach of 
making things for people, and for their lives context(Sanders, 2013). That is where prototypes 
can have an important role, by experiencing real models in real life contexts(Buchenau and 
Suri, 2000). 
The essence of prototyping resides on experience, this way prototypes can be seen as 
experiences, which must include a collaborative and participatory process, where costumers 
and users, must be a part of the process, creating not only interaction between models and 
users, but also with designers and development teams. 
With the use of digital models, and 3D software modelling, prototyping becomes a secondary 
activity. Although, it is important to understand the necessity of interaction with different 
techniques along the process, such as the sketching and virtual models, by making 
technologies less important, and the results of the experience the focus of prototyping. 
Prototyping is about manual work and real experience, similar to a craft motion that 
represents and replays ideas, no matter the form. The important is to understand that 
technologies or spaces are not what define prototyping, they are just mechanism and vehicles 
to produce experience models. This way, rapid prototyping and efficient prototypes is not 
about technologies, are about making fast, rough and quick models, not focused on the 
fidelity of the models, but understanding that what matters is the experience fidelity and the 
interaction between different fidelity levels. 
To help to better understand different concepts and approaches in prototyping, it was 
presented three models that might guide and help during the design process, as also different 
examples from great companies, designers and projects, that in some way used a prototyping 
to achieve better results and better products. 
After this, a framework was made, as a reinterpretation of the presented models, and also to 
explore a guideline to future projects, as also for contextualization of different case studies, 
which were focused on collect information about product development processes of different 
examples of design, based in Portugal, where prototyping is seen as a process, inside the 
design process. 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2. PROTOTYPING AS A PROCESS 
INTRODUCTION TO PROTOTYPING 
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Prototype:  
A successful prototype is not one that works flawlessly; it’s one that teaches us something - 
about our objectives, our process, and ourselves. 
(Brown, 2009) !!

“Anything tangible that lets us explore an idea, evaluate it  
and push it forward” 
Tim Brown, IDEO !

!
Prototyping:  
The willingness to go ahead and try something by building it, giving form to an idea allowing 
us to learn from it, evaluate it against others, and improve upon it. Is a paradoxical feature: 
they slow us down to speed us up. (Brown, 2009) ! !

“Thinking with your hands” 
David Kelley, IDEO !!!!!!!
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Prototypes are fundamental tools in the development process of design projects, 
being valuable in other areas, like architecture and different branches of engineering, 
as well. 
Today prototyping emerges with the important role of facing the conventional models 
used for the development of products. Balancing the importance of the material and 
tangible forms to experiment with users, with the necessity of good drawings and 
quality graphic representations, to achieve a good design. 
David Kelley, founder of IDEO, one of the most appraised and respected design firms, 
is one the apologists who defend the production and creation of different prototypes  
throughout the design process. 
In the book “The art of Innovation”, Tom Kelley(2007), David’s brother and also worker 
in IDEO, refers some of the theories and practices that the American’s firms defend, 
arguing that prototypes are a source of creation and insurance, when all appears to 
be extremely complex and the boundaries completely out of reach, they act like a 
problem solvers, even when there is no perspective to an answer. The appearing of 
unexpected events and information, will be useful to clarify the project, making it 
easier to take decisions, as also may lead to new ideas and opening new possibilities 
(Kelley, 2007). 
Marion Jane Fulton Suri and Buchenau (2000), both members of IDEO in San 
Francisco, refer to prototyping as an experience, assuming prototypes as 
representations made before the final product, with the premise of generating 
information during the process, exploring and communicating different purposes of 
the idea and its context. Putting different issues, such as - "looks like," "behaves like," 
"works like” - In order to explore the idea, get feedback from users, facilitating the 
decisions and choices during the all process. (Buchenau and Suri, 2000) 
In a summary made by Brazilian researchers (Alcoforado, Plácido da Silve et al., 2014), 
about different methods of product development from various authors , like Assimov, 
Bonsiepe, Aicher, Munari, Cross, and Baxter, the analysis is that prototyping as an 
activity is majorly focused on the final stages of process, and not in preliminary stages 
of development. Generally, the construction of prototypes appears on the stage of 
realization and implementation of the idea, and not as a continuous process which 
follows the product development.  
The common idea is that prototyping is just one of the last stages of project 
development, and that a prototype is just the final model for presentations. Although, 
the prototyping as a definition should appear much earlier in the process, because is 
really important to realize early models, both simple and rough ones, not only 
apparently finished models. In fact, this approach is not necessarily applied to 
industrial design. (Brown, 2009) 
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In general, a common idea of a prototype is that is the preliminary model of 
something. However, they should not be seen only as future representations of 
objects, but actually as tools for collectively exploring and resting hypothesis.(Sanders, 
2013) 
For Michael Schrage prototypes are educated guesses about the future, and they 
should be a motivational and inspirational factors during the process, acting like 
playgrounds to innovation. Becoming a media for cooperation, collaboration and 
creative process or interaction between people and the objects. (Schrage, 2013) 
This way, prototyping is seen as an experiment, a tool that influences the way 
designers think and might serve as inspiration or barrier to what is expected or 
imaginable to projects. Becoming an exploration and evaluation of ideas, which will 
translate into answers and indicators, leading to the rejection or acceptance of the 
idea (Buchenau and Suri, 2000). 
In fact, the all process of prototyping plays a key role on how designers carry out their 
work, because it will be the transition from something abstract or from a theoretical 
idea, to something tangible, through real and physical experimentation, allowing the 
observation of human behaviours, and the analysis and interpretation of such 
behaviours and contexts about the designed object or idea. (Coughlan, Suri et al., 
2007). As such, the real and physical experience are the most important features in 
the implementation of a prototype, it will enable the test with users and their 
inclusion in contexts of use leading to new inputs, making prototyping an essential 
tool since the beginning of the process, enhancing the participatory process with 
users and customers in order to reach tangible and experienced solutions, worked in 
different contexts of use. 
The advantage with the participation of users is on creating explicit representations of 
ideas and working them directly with stakeholders and consumers during the process, 
especially with consumers, because that’s the only way to come up with an effective 
design solution (Holtzblatt and Jones, 1993; Coughlan, Suri et al., 2007). That is why 
User Centered Design, UX ( User Experience), or Interaction Design discipline, have as 
the major priority, the research and work with users, understanding the interaction 
between people and artifacts, not only to develop physical products, but also as digital 
interfaces and devices. (Moggridge, 2007)  
Even with different forms and different types, prototypes are intrinsically linked with 
the evolution of ideas and the whole design process, allowing a constant evaluation 
and reflection on the work done, not only by the designer, but also by users. This way, 
the implementation of different prototypes will allow the filtering and visualization in 
different ways, and also the identification of different problems, detail improvements 
and new ideas. In fact, any technical or specific type can represent all points to 
observe throughout the process. (Lim, Stolterman et al., 2008) 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Making common practice and the realization of prototypes will lead to exploration 
options, resulting in possible inputs and information, which can be examined, and 
thus developing answers for existing problems.  Although, sometimes prototypes can 
not be self-explanatory, it is important to filter information and understand exactly 
witch characteristics the prototype will submit or not. (Houde and Hill, 1997) 
This necessity of clarifying prototype specifications and all the development of test 
and new concepts, create a relationship between the prototype and the team or 
designer. So the team or designer responsible for the project will play the role of the 
“explainer”, which will explain and and get conclusions from the user interactions with 
the prototype. In other words, these tests will create a communication, when the 
prototype will be the transmission line between the creator and the future user.
(Houde and Hill, 1997) 
One of the major benefits of prototyping is the creation of this vocabulary or dialog 
with users, making the presentation of product specifications possible, creating a way 
to discuss and evaluate ideas, but also an “occult” persuasive tool. Resulting in a 
conversation between designers and costumers, through the materialized idea, 
making possible a quick understanding and collecting new inputs creating added 
value. (Schrage, 1993) 
A quick and efficient prototype is nothing less than a work method to search for new 
solutions and feedbacks, in communication and working with consumers and 
specialist (Gutierrez, 1989). Following Tom Kelley (2007), prototyping should be seen as 
solving a problem, a dialog and culture to create new products, services or even 
advertising campaigns. What really matters is the important role of prototypes, on  
identifying positive and negative inputs, during the process, remembering that 
sometimes the best solution is the most obvious and simple. 
The practice and creation of diverse prototypes emerge as process inside another 
process. By including an earlier prototyping mindset in the beginning of the design 
project, as also in other areas, will improve and start to make tangible ideas (Kelley, 
2007). 
All of these prototyping methods, as one of the major practices in design, are seen in 
the business community as a key element. Assuming an important role for innovation 
in products, services and for other experiments (Leonard and Rayport, 1997; Schrage, 
1999).  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“Is not about the creation of a formalized toolkit or set of 
techniques, but is about developing an attitude and language to 
solve design problems.” 
Tim Brown, IDEO !

!
A prototype as an experience is not a new concept. At IDEO designers already worked 
to expand their internal prototyping practices to embody the concept of "Experience 
Prototyping" as an integrated part of their design process. 
This chapter is about that, going further than traditional meaning of what is a 
prototype, seeing them as experiences. Something that designers and other project 
workers should idealize and not only do it to evaluate some specifications or metrics 
during the process. 
The concept of "Experience Prototype"  emphasizes the simulation aspect of any kind, 
enabling a broad representation in any medium. This is a unique replication that 
successfully relives and recreates a proximal (end) experience with the user. This 
experience is designed to understand, explore or communicate what it might be like 
the users interaction with the product, space, service or system being designed. 
(Buchenau and Suri, 2000) 
Instead of creating prototypes, as a refined and well-presented model, the idea is to 
create experiences, no matter what is the medium or the material is. The  important 
thing is to represent ideas and test them, not only showing or demonstrating, using 
them, broke them, enabling them to be experienced. (Valentine, 2013) !
!
!

“Experience Prototype is any kind of representation, in any 
medium, that is designed to understand, explore or 
communicate” 
Marion Buchenau and Jane Fulton Suri, IDEO !
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During the design process prototypes can be more than just tests and representation 
models for the creator. Instead, they must be seen as a design-thinking enablers, 
deeply embedded in the design practice and not just as tools to prove some good or 
bad aspects of the design itself. (Buxton, 2010) 
Seeing a prototype as an experience is similar to what Houde and Hill call the “look 
and feel” of the product, that is the experience of interacting and using an artifact, 
looking for the way the user looks at it, feels it and hears it. But this tangible sensibility 
goes beyond sensorial aspects, giving also information about how functions interact 
and attend artifacts in users life familiarity, transforming this informational and 
functional features in fundamental assumptions for understanding social 
circumstances, time pressures, environmental conditions in all stages of users 
experience. (Buchenau and Suri, 2000) 
Neely D. Gardner refers the use of prototypes to “test assumptions before the change 
is implemented. So the prototype should not be a simulation of the change, but an 
implementation of the critical and important parts of the change”(Bruce and Wyman, 
1998). This way, “assumptions” can mean all the specifications, topics or important 
factors to evaluate different “parts” of the final product, or in other words, the 
“change” (Coughlan, Suri et al., 2007) 
	  

	  

!!
When we think a prototype as an experience, it’s not important the technology or the 
mechanisms used to produce it, what is important is simulating the interaction with 
the user and the idea (Buchenau and Suri, 2000). 
The difference between seeing a prototype as a work tool used in the office or behind 
walls, and as integrate experience, can be represented in figure 1 and 2. A prototype 
as a tool, only creates a connection with the developer, similar of what Schneider 
(1996) calls the combined system of developer-prototype, when prototypes is seen as an 
element to achieve knowledge . Although, prototypes as experiences are different, 
designers have to think as integrated test with people, when the work models are 
connectors between designers and costumers (Figure 2). This type of prototyping is 
one the pillars of design thinking, by creating new approaches to activity of making 
models and prototypes(Brown, 2009). 
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Figure 1 -  Combined system of developer- prototype
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The best way to understand or evaluate an idea is by starting to do it, is experimenting 
it with people, on places, create scenarios, just communicate what we pretend, even if 
that is not close to the final solution. Following Donald Schon (1992), designers knows 
much more than they can say or describe, and the best way to take advantage of their 
knowledge is put their knowing-to-action, by putting themselves on a mode of doing 
and try: a mode of prototyping.  
In the fields of human-computer interaction (HCI), software engineering, and design in 
general, the term prototype is used to signify a specific kind of element to simulate 
reflections, to frame, redefine and discover new possibilities in a design space. So the 
necessity of prototypes as means and tools in these areas is obvious and 
unquestionable, but not like the ultimate target for the design. Instead, the mindset of 
a designer forming a prototype is different from the final product, because treating 
something as prototype is experimenting new things, based on using them to achieve 
new inputs and feedback for the final solution. (Lim, Stolterman et al., 2008) 
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Figure 2 -  “Prototyping Process” following Design Thinking



Following IDEO’s mindset, the concept of “Experience Prototyping” should get a special 
focus and become an established tradition in the design practice, because designers 
always made early representations of their ideas adopting processes and technology. 
But this concept can go further, making the design practice more sensitive and 
convincing, by giving better experiences for people. This means making choices about 
different elements and representations for the different experiences, but also means 
that a single prototype is never enough. (Buchenau and Suri, 2000) 
Prototypes should and can appear in any stage of the design process, they are a point 
of transaction to some other think. In fact, we should start thinking more about how 
and where we do prototypes, because they are key factors during the process. They 
can kill an idea or simply push it forward, that’s why is important to spend time 
idealizing them, and defining strategies to prototype. 
Following Moran and Caroll (1996)on Design Rationale, “conceptualize prototypes” can 
help to explore possible design alternatives and their rationales as artifacts and 
experiences can be explored much more than just as “snapshots” of the final design 
decisions. This way, rationalizing and planning the prototype as an experience it will 
be an helpful element, not only, as a revision aspect procedure, but, also as a data 
gathering: giving to design a scientific approach when documenting and learning. 
Although, conceptualizing prototypes must be conjugated with the idea of a 
“participatory design”, where the use of prototypes must focus actively on engaging 
users exploring and creating ideas with them. That is why the reflection about the 
prototypes working with users is important, but it is also important a reinterpretation 
from the designer to understand the users needs and values, because they are not 
design experts, but they are the ultimate achievement of the design experience.(Lim, 
Stolterman et al., 2008) 
Design itself is undergoing some changes and adaptations to future approaches, 
becoming a participatory activity with users, as also prototype making and the activity 
of prototyping is changing too, by becoming equally into a model for co-creation. This 
tends to explore the participation of customers and stakeholders into the design 
process, by giving them tools and methods, so that they can be part of project 
development and involvement. (Sanders, 2013) 
According to Gutierrez(1989),at different stages of the design process it is 
fundamental that we must understand what kind of prototype must be applied or is 
appropriate to develop. This decision depends on the problem or characteristics to 
solve at that moment, its necessary to know at what point of the process it will really 
be necessary and what tools and techniques are available to solve the problem or 
represent the idea. !
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At the beginning of the process it is important to promote a low and rough mindset of 
prototypes, by not taking too serious fidelity questions and constructive details. That 
doesn’t mean that high-fidelity prototypes are not important, because technologic 
solutions and precisely detailed prototypes certainly have their place, but in the begin 
it is important to value low-tech methods and improving with basic and rough 
materials. These solutions will promote an attitude focused on problem solving in the 
design process, not on tools or techniques to do it. (Buchenau and Suri, 2000) 
Following Brown(2009), starting an early prototyping process is fundamental to 
understand that functional values and details of an idea should be implemented with 
customers since the beginning. This can avoid costly mistakes during the process, 
such as a complex model in the beginning, and spending time and money in a weak 
idea. That is why it is important constantly do models and experiments, to get 
feedbacks and inputs to the future. !
 

!
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Figure 3  -  IDEO experiment prototypes for an airplane interior



These mindset of taking a low and rough prototypes with users, not only will reduce 
costs, but it will also filter a good or a bad idea in the beginning, and will make ideas 
get more detailed and refined for the next high technology prototyping tools and 
processes. 
In some industries or companies, the term prototype is reserved for the highly resolved 
and closed-to-launch version before the final product. Although, the better meaning 
for this term is “learning tool” and consequently prototypes may exists at any level of 
resolution, starting from very rough to highly refined models, used to explore and 
communicate ideas at any stage of the design process.(Coughlan, Suri et al., 2007) 
A good prototype doesn’t just communicate, it can persuade. There are many ways to 
developing prototypes like foam, plastic, wood or paper. But there are other ways like 
a movie, a clip, a performance, even the creation of scenarios, that’s is the essence of 
prototyping. Giving the experience of what will be the product or service to the 
costumers. (Kelley, 2001) 
From low-fidelity rough models to high-fidelity refined models, what is really 
important to understand is that prototypes exists in many forms, and any kind of 
representation should get tested and create experiences with costumers in the field. 
This will get ideas refined based on stakeholders and gives information about the 
interaction of prototypes in the real world context of work. (Coughlan, Suri et al., 2007) 

!
!
!
“ Prototype as any representation of a design idea,  
regardless of medium ” 
Stephanie Houde and Charles Hill, Apple !

!!!
Following Houde and Hill (1997) from Apple, a prototype is any representation of an 
idea in any kind of medium, is a pre-existing object used to answer a design question. 
This makes a prototype a form to represent requirements and complementary 
knowledge about the interaction with users. !!
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Getting these information about costumers is not only important to execute 
prototypes, but also to actually explain them to users. This is what makes a really 
experience, a really contact with people on a real contexts of use.(Bogers and Horst, 
2014) 
Kurt Schneider(1996) calls this type of interaction “human-human explanation”, a 
traditional way to get information and knowledge about prototypes. Besides that, he 
also gives some basic important concepts: efficiency; feedback; contextualization; 
flexibility; pleasure – There are more, but these are extremely important to get better 
explanations, better cause-effect information and results. !
 

!
!!!

For the major companies, showing prototypes and testing them outside with 
costumers is a widespread practice, because ideas can be stolen or even break the 
excitement and enthusiasm from release. However, ideas isolation and a closed 
process of prototyping, can lead developers to arrogance and ignorance, and products 
to failure.(Schön, 1992) !
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Table 1 - Kurt Schneider: basis for a prototype re-documentation strategy

Efficiency  Humans explain in a way they consider least effort 
consuming and most convenient.

Feedback Without much effort, humans use fast multi-sensual feedback 
during explanations (gestures, mimics, figurative speech, 
pauses, non-verbal uttering).

Contextualization Humans implicitly consider the context, avoiding meaningless 
questions a generic questionnaire may pose.

Flexibility Humans jump among abstraction levels, sub models and 
formulations whenever explainers feel that this would 
contribute to a better understanding. For example, explainers 
are free to throw in evaluative statements at any point in 
time.

Pleasure Human-human interaction is enjoyable for explainers, so their 
effort (explaining) is compensated by benefits (pride, social 
contact.)



Although that is the reality, has Tim Brown(Brown, 2009) refers, most of prototypes 
takes places behind walls, to protect the confidentiality of ideas. Controlled 
environments just evaluating products functional characteristics like: Does it work?; 
Will it break when dropped?; How well do the parts fit together? – In fact, these are 
topics and aspects that everyone in a company can test, That is why designers and 
creators need better prototypes, to understand the importance of collaborative 
process and do experiences with users(Valentine, 2013). !!!!

“To build better products must learn how to  
build better prototypes.” 
Michaels Schrage, MIT, Serious Play !

!
For Michael Schrage(1999), for building better products is important to build better 
prototypes, understanding the importance of prototyping is less in the models 
themselves, but than in the interactions and feedback they generate . Creating a 
collaborative process of prototype with costumers and clients (Schön, 1992) 
The essence of this “collaborative prototyping” is just giving experiences to costumers 
and developing products with them. This way, the costumer becomes an important 
input during the different stages of the process and a member of the experience of 
prototyping. (Schrage, 1993) 
To build better prototypes it is not only about the idealization and construction of a 
model, is about building better experiences to work with costumers and users, since 
the beginning. Better prototypes should mean better experiences. !
!

“ The value of prototypes resides less in the models themselves 
than in the interactions they invite.” 
Michaels Schrage, MIT, Serious Play !

!
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!
A prototype allows the exploration of many ideas, and the faster we make ideas 
tangible, the sooner we will be able to evaluate and refine them. So, seeing a 
prototype as an experience is to use an early, rough, cheap and fast prototypes to test 
with clients. These experiences and interactions between models and users will not 
also prevent a bad idea go further, but will also create opportunities to discover new 
ideas, even with low-tech and using cheap materials, the important thing is that this 
tangible approximations of the idea to really, can be experimented. This can be 
applied to products, services or even organizations. (Brown, 2009) 
In the “Experience Prototyping” article, Marion Buchenau and Jane Suri (2000) from 
IDEO refers an old Chinese philosopher Lao Tse who said this: “What I hear, I forget. 
What I see, I remember. What I do, I understand.” – and this is what an experience is 
about, do it.  !
!

“ What I hear, I forget. What I see, I remember. What I do, I 
understand.” 
Lao Tse !

!
!!!!!!!!!!!!!!!!
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!!!!!!!!!!!!!!!!!
Glossary !
Conceptualize prototypes:   
Prototypes to stimulate reflections, and used by designers to frame, refine, and discover 
possibilities in a design space. Communicating the rationales of their design decisions through 
prototypes.(Lim, Stolterman et al., 2008) !
Human-human explanation:   
Human-human explanations are the traditional way to convey knowledge and the 
explanations that are given about the prototype. It is information provided from the human-
human conversations. (Schneider, 1996) !
Participatory design:  
The use of prototypes focuses on engaging users in creating and exploring ideas. Since users 
are not experts, the results from this approach usually need to be reinterpreted to 
understand costumer needs and values, rather than adapting ideas into the final design. (Lim, 
Stolterman et al., 2008) !
Collaborative prototyping:  
The customer must have the opportunity to see and try the prototypes as they evolve, 
becoming an important member of the prototyping community. 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3.1 PROTOTYPE AGAINST THE WORLD 
Prototypes VS Sketches & 3D Models 

!
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Nowadays, the use of software for parametric modelling means an easy way to 
produce 3D solid models created in CAD systems. These 3D CAD models were 
commonly used in professional tasks until these past few years, although in the 
present days, computer-modelling software is available to everyone(Hoftijzer, 2009). 
For example, 3D modelling software such as Google SketchUp, Autodesk Maya, 3D 
Studio Max, Solidworks,or Blender, are good examples of such approach to common 
users(Hartmann, 2009). These computer screen-based models, created by using 3D 
modelling software, can easily represent and evaluate some real-time interactions, 
replacing an physical model of product during the design process(Lim, Stolterman et 
al., 2008). 
CAD models aren’t necessary only 3D models, for example 2D CAD models can 
represent different thickness and materials, using various manufacturing techniques 
like CNC router machines or laser cutting. A good example of this approach is the 
123D Make tool by Autodesk, which divides a digital 3D model, into 2d sections, to be 
reproduced in 2D CAD machine cutting. This approach can be useful to reproduce 
furniture pieces, jewellery or toy assemblies. (Hoftijzer, 2009) !!!

“Industrial design students (…) have to work with sketches 
 and 3D CAD models on one hand and foam models and 
prototypes ahead.” 
Guido Hermans, of Umea University, and Erik Stolterman,  
of Indiana University !!!

This way, it is important to understand that virtual models always have a physical 
form as reference, and the experience of transforming the virtual model into a real 
one, will help to overcome this discrepancy between a computerized model and a 
physical one. Following Hermans and Stolterman(2012), industrial designers and 
students get this in their education by working with different techniques like 
sketching, 3D CAD models and physical prototypes.  
Virtual models are excellent tools to visualize products, permitting to see different 
parts and component fitting together, calculate their weight, performing simulations 
and their detailed virtual appearance. However, physical models are capable of 
answering questions that are difficult or impossible to achieve using only digital 
models on a computer. (Hallgrimssom, 2012) 
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The importance of building physical models and interact them with drawings and 3D 
models, is because the feedback about interaction–based aspects in digital models 
and sketches is generally poor and inefficient.(Ferrise, Bordegoni et al., 2013) !!!

“The main reason for using physical prototypes is that tests 
performed on the digital model of the product generally  
return poor and ineffective results concerning  
interaction-based aspects.” 
Ferrise, Bordegoni and Graziosi, of Politecnico di Milano !!!

One of the most important prerequisites in design thinking following 
Stolterman(2007), is the interaction between action and the real abstract thought. 
Good design practices reside on using different tools and techniques, where ideas are 
formed with the use of sketch and prototypes. In other words, an important 
prerequisite of design practice is that reflection and evaluation takes place in action, in 
contact with real context scenarios (Schön, 1983). 
According to Black(1990), in graphic design the use of rough early sketches on paper, 
instead of drawing directly on a computer, will be better to get an satisfied final design 
solution. 
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Figure 4  -  Virtual model of a Digital Camera, in Solidworks 
3d software 

Figure 5  -  Digital shoe model ready to cut, in 123D Make 
tool by Autodesk



For example, Herbert says that tough architectural sketches can discard some 
dimensions, such as scale, focusing only at form and visual aspects(Daniel, 1993), 
although a prototype during his creation, can show implicit aspects during the 
process. In fact, prototypes can help to understand some lines and edges of sketches, 
making easy to understand what is easy or difficult to represent(Erickson, 1995). This 
way, is necessary to understand the importance of not only use sketches as a 
visualization tool, but also, use prototypes to communicate ideas during the design 
process.(Eneberg, 2012) !!

“Designers often use visualization tools as prototypes or 
sketches during the design process.” 
Magnus Eneberg, of Lund University 
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Figure 6  -  Multiple examples of products sketches



Following Buxton(2010), sketches only “suggest”, they don’t “tell”. Their value is not in 
the object represented in the sketch, but in the ability to provide a good and 
appropriate graphic representation. Although, attributes such as cost, quantity and 
disposability, makes makes the drawing sketches more feasible than prototypes in the 
beginning of process ideation and conceptual approach. That’s because prototypes 
can be more expensive, less disposable and take much time to build. 
This way, Buxton(2010) assumes sketches as quick as an expensive tool, and 
prototypes as a didactic test-answer and descriptive tool for real questions, including 
tangible specifications that permits  honest skilled. 
 

 

!!
Thomas Erickson(1995) from Apple computer Inc, presents a different approach 
between sketch and prototypes. Following his approach a prototype should be as 
rough  as a pencil sketch, like a mock-up of or a model from foam or cardboard, only a 
simple representation of the form of the final product. It can be a slideshow of 
pictures in the computer, or video that shows user behaviours or proposes the idea. It 
may be a beta or partially-implemented version of the idea, showing the most 
important properties and specifications in real contexts. !
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Figure 7  -  The Sketch to Prototype Continuum, 
by Bill Buxton

Figure 8  -  Dynamics of the Design Funnel, 
by Bill Buxton



!
“A prototype may be no more than a rough pencil sketch. It may 
be a mock-up of a device made from foam core or cardboard, 
intended only to mimic the form of the final product.” 
Thomas Erickson, of Apple Computer Inc. !!!!

In the beginning of the process, idea generation can take brainstorming or sketching, 
although is important to move from the visual representation towards concrete and 
physical models. That’s where the evolution from sketching on paper to shaping clay 
or build foams models, takes place. This production and interaction between sketch 
and prototypes will provide unexpected realizations that designers or project teams 
could not achieve without building real representations of ideas.(Hartmann, 2009) 
Sometimes, during the product development the investment in ideas is low. By taking 
some time to play, exploring initially will help to learn and gain deep understanding 
about some future topics and concerns. In fact, too much quality and detail in the 
beginning may lead to a negative effect (Buxton, 2010). This way, drawing and making 
rough physical models, and showing them, will encourage accidental discoveries and 
explore wider borders(Kelley, 2001). !!!!

“The production of concrete prototypes provides the crucial 
element of surprise, unexpected realizations that the designer 
could not have arrived at without producing a concrete 
manifestation of her ideas.” 
Björn Hartmann, of Stanford University !!!
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“Doodling, drawing, modelling. Sketch ideas and make things, 
and you’re likely to encourage accidental discoveries. At the 
most fundamental level, what we’re talking about is play, 
exploring borders.” 
David and Tom Kelley, IDEO !!!

Sketches and prototypes are important pieces in the design development, however 
even though they serve different proposes. Although they providing shared points, like 
the ability of compare and evaluate ideas, from different ways - the essence of the 
experience- and, the use and interaction of different mediums. The fidelity of the 
prototypes, sketches or software, is  not important, what matters is the representation 
of ideas and concepts. (Buxton, 2010) 
It is important for product designers to achieve different competency in several skills, 
including sketching, 3D virtual modelling and physical model making. These are 
essential tools and all should not be used exclusively, all of these techniques must be 
appear in the framework of design. In fact, a workflow that balances between different 
skills provides better possibilities and more creative solutions. (Hallgrimssom, 2012) 
This way, visual representations, like sketches or digital models, and prototypes, play 
an important role in design process, by using early sketches and rough mock-ups, to 
represent and share ideas.(Junginger, Liedtka et al., 2007; Rhinow, Koeppen et al., 
2012) !!!

“It is the fidelity of the experience, not the fidelity of the 
prototype, sketch, or technology that is important from the 
perspective of ideation and early design” 
Bill Buxton, in Sketching User Experience !!
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3.2 CRAFT PROTOTYPING 
Craft + Design 
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A design craft practice can be seen as a numerous of interrelated activities of 
everyday, with a continuous and organic process, embedded by meaning and 
experience.(Valentine, 2013) 
Following Louise Valentine(2013), the role of prototypes in design and craft is most 
commonly seen as a method of nurturing innovation within the process of problem 
solving in a product and service development. In fact, prototyping can be a key to use 
imagination to explore, test, break and rebuild, inverting the conventional perspective 
of seeing prototypes as secondary subject for discussion and work, but instead seeing 
a prototype as a primary work tool, witch should concerned how design and craft 
might interconnected and communicate. !!!

“Invert the conventional perspective of seeing prototype  
as a secondary subject of discussion and elevate it to  
primary position” 
Louise Valentine, on Prototype: Design and Craft of 21th century  !!

For Michael Schrage(1999), a craft prototyping definition should understand 
prototypes as hypotheses, marketplaces and playgrounds. This way, prototyping turns 
into a non-precious activity, and seen as an opportunity to explore failures, developing 
ideas and asking questions, instead of being an act of showing and demonstration. 
Handcrafted designer practices skills also permit an revaluation and transformation of 
this manual activities. This type of practices, also defined as  “self-production”,“ new-
handicraft” or “technological handicraft” slightly differs from traditional craft view, 
envisioning a future expressions of techniques and  visual expression that match 
technical skills and design, as also the manual aptitude plus creativity. These new 
approaches in design work pushed and will still push the profession beyond the single 
project, making the prototype functional construction work has an essential part of 
the hole process.(Ferrara, 2011) 
For Hazel White (2013) a craftsperson approach takes advantage of technological 
possibility, by making ideas tangible, holding' them in hand'. The ideas represent 
interactions created by hybrid craft an design process, with material and technical 
process explorations, mock-ups, test versions, lash-ups and genotypes, which allows a 
physical interaction with concepts. It is almost a dialogue, between conception and 
planning ideas, where imagination and the ability of materialize ideas are the core of 
the all process. 
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“Craftsmanship is one of the extraordinary conditions of 
experimentation” 
Marinella Ferrara, of Politecnico di Milano !!!

For Marinella Ferrara(2011), a new type of designer-craftsman are taking shape, a new 
concept of an “intelligent artisan” that applies knowledge in a productive and 
innovative craft practice, which combines technical knowledge’s and craft ability to 
develop products. By exploring ideas and concepts since the beginning, these “new 
designers” are  capable to plan a good strategy, avoiding a separation between means 
and ends. This way, craftsmanship is becoming an extremely efficient way of 
experimentation and development of new products. 
Following Michael Schrage(2013), craft as an activity goes beyond refinement of detail 
towards concept enhancement, creating prototypes that inherent represent 
propositions, assumptions and guesses that will define the object. Craft prototyping 
means crafting a hypothesis, where a prototype is seen as a proposition explicitly 
made to explain, or made and educated guess about observable phenomenon.  
Craft prototyping increasingly means focus on design attentions and intentions, by 
inviting and encouraging serious play. Making a prototype much as a medium of 
interaction as a tool to discover and test, where play should be present as a safe way 
to raise unexpected and unanticipated risks, and prototypes become a safe media to 
experience flaws and failures found during play. In fact, Schrage (1999) says that 
innovation and failure are side by side, and prototypes are playgrounds where 
innovation can discover possible ways to become reality. !!!

“Innovation and risk are opposite sides of the same coin. 
Prototypes are playgrounds where innovation can discover -  
to their pleasure and horror- what relaxation of rules lead to  
which possible realities.” 
Michael Schrage, on Serious play !!!!
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 !!
During the 1980’s prototypes were seen as models with rich visual detail and hand 
skills, where craft was critical in all design process(Sanders, 2013) . Although, following 
Michael Schrage(2013) this old conventional view doesn’t go far enough. Prototypes 
are not just about crafting artifacts, they should craft interactions between people, 
becoming interaction medium as a technical objects. 
It is important to construct a more contemporary relationship between craft, design 
and market, by using new production and communication technologies, such as CAD 
models, rapid manufacturing technologies, and also part of art and craftsman skills 
that allow designers to develop and experiment new products. A  craft perspective, 
that does not engages ideologically in conflict with the traditional industrial design 
industry, and with the industry itself.(Ferrara, 2011) 
Marinella Ferrara(2011) defends that craft should be seen as the integration between 
the production and conceptual phases through the concept of experimental research, 
new forms and experiment languages with technology, and techniques or expressions 
which maintain the particular character of craft to create a dialogue between past and 
future. 
The value of prototypes comes as medias, as places and platforms to collaborative 
creativity (Schrage, 2013). This brings bring new forms and means of supporting and 
inspiring collaborative processes of creativity, by sharing with clients and 
people(Sanders, 2013). 

Craft + Design 42Craft Prototyping

Figure 9  -  A prototyping Laboratory/Workshop



 !
A place for the work group to sit and discuss problems, such as the access to 
manufacturing tools, as well as documenting and analyzing tools, makes it easier for 
designers to work together, build prototypes, discuss their ideas with each other, and 
get inspired. (Majchrzak and Wang, 1996) 
For design professionals, students and teachers developing manual prototypes, the 
presence of physical resources such as materials, equipment and tools in a laboratory, 
is important. Even with a lot of theoretical knowledge absorbed in schools and books, 
a practical knowledge is also an important part of the process, by taking contact with 
software for CAD drafting, and working in laboratory or workshop, building physical 
models and prototypes.(Etchepare, 2009) 
Workshops and laboratories allow the access to modern means of innovation, by 
providing equipment, materials and support to future possibilities experiences to  
produce (Gershenfeld, 2005). In fact, in the most important design schools is given so 
much value to handicraft techniques (Ferrara, 2011). 
For example, in Italy the interaction between the industry and handcraft techniques 
has been an underlying common theme of the “Made in Italy” products. Besides that, 
in Northern Europe, in countries like Finland and Sweden, this type of interaction 
between design, craft and industry, is supported and promoted in the design 
education model.(Ferrara, 2011) 
On the book “The making of Design” Gerrit Terstiege (2009) made an interview of 
Dieter Rams, when Rams shows her house studio (Figure 10), and its clear that even 
great designers values the manual techniques. !
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Figure 10  -  Dieter Rams House Studio



 !!
Although, new alternatives of schools, enterprises and traditional laboratories of 
prototyping are emerging. For example, the worldwide network of Fab Lab platform, 
which provides workshops spaces with machines controlled by computer, and also 
other tools that enable individuals and work groups to make prototypes and models 
of their ideas. (Etchepare, 2009; Hoftijzer, 2009) 
A Fabrication Laboratory (Fab Lab) is a platform for prototyping physical models, and 
is a part of a worldwide network of in-numerous laboratories around the 
world(Eychenne, 2013). With the premise of “ How to make (almost) everything”, Neil 
Gerhsenfeld(2005) presents a model for a global network of local laboratories, 
allowing the experimentation and personal fabrication, by giving the access of digital 
fabrication tools. 
The first Fab Lab emerges in MIT -Massachusetts Institute of Technology - in a multi-
disciplinary laboratory called Center of Bits and Atoms. The concept was created 
based on the Internet collaborative web 2.0, which helps to democratize tools and 
information.(Gershenfeld, 2005; Eychenne, 2013) 
In general, Fab Labs offers the service of different computer controlled machines 
service, like a Laser cutting machine, vinyl cutters, high and low resolution CNCs, and 
other machines and tools for manual work, as also programming tools (Eychenne, 
2013). This provides common access to modern production technologies and the 
necessity in the field of technical instructions in a small scale(Gershenfeld, 2005). !!!
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Figure 11  -  Interior space of Lisbon Fab Lab Figure 12  -  CoWork Desk of the Lisbon Fab Lab



 !!
The main characteristic of Fab Labs in the open-source model, which is an opposite of 
the traditional prototyping laboratories (fig. X) of enterprises and schools, the Fab 
Labs exists for everybody, no matter the profession, project or area, the idea is to get 
ideas done, and share results with the others. Although, some laboratories doesn’t 
share this type of openness of social innovation and technology democratization, 
turning themselves into a simple prototyping laboratories. (Eychenne, 2013) 
However, there is a perspective that Fab Labs can’t go far enough in their use of 
technology, similar critiques can be made towards the development of low cost 3D 
printers(Dexter and Jackson, 2012). Because, even with some issues about their 
capacities to produce or fabricate final products, Fab Labs can be seen as excellent 
points of transition between prototypes and the final production or 
industry(Eychenne, 2013). 
The methods applied on this type of spaces can be identified in different lines of 
research in craft. It can be handcraft “Do It Yourself” (DIY), when peoples can produce 
their own objects, as also technological and electronic crafts approaches, where the 
space can be a bridge between a test model and the real technology to produce the 
final product (Ferrara, 2011). This makes Fab Labs and other prototyping spaces 
recognized as spaces capable to prototyping everything, and possible to produce 
small series of objects (Eychenne, 2013). !!!!
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Figure 13  -  CNC Cutting Machine, at Lisbon Fab Lab Figure 14  - Laser Cutting Machine at Lisbon Fab Lab



“The value in these forms of prototyping is that you can share 
(or sell, as the case may be) the idea much more easily, before 
there is a commitment to tooling or construction” 
Elizabeth B.-N. Sanders, on Prototype: Design and Craft of 21th century !!!

Another manifestation of change in design is the increase of people, that explore 
creative activities, and this can be seen in the growth of the DIY industry and the 
reinvention of crafting at all levels. This can reflect that prototypes are more quickly 
and easily produced in realistic forms, and this type of prototyping makes the sharing 
of results possible, as showing or test with someone, before there is a commitment to 
tooling or the production within industry . (Sanders, 2013) 
Seeing prototyping as a craft activity does not do much to solve problems as an a 
established dialogue between the material and an open-ended process of bricolage, 
where, there is no longer only a form of production, but also an approach of 
consumption products, with the growing of DIY movement, and also home production 
products (Bloch, 2000; Schwartz, 2013). !!!

“Craft only exists in motion. It is a way of doing things, not a 
classification of objects, institutions, or people.” 
Glenn Adamson, in Think Through Craft !!!!

In the “The Material of Invention”, Ezio Manzini(1986) refers issues between something 
that is thought and something that it is possible, which is always underlying the design 
process.  And that is where craft and design might be interconnected, by making 
designers and craftspeople thinking in objects as only matters of fact, considering 
them as anything but simple functioning beyond the brute material being. That is the 
idea of “think through craft”, explored by Glenn Adamson(2007), assuming that craft is 
a motion and a way of doing, not a classification of objects, industry, activity or 
people. 
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Following Theodor Adorno(2013), craft should not be seen as an expression of self-
doubt and rigorous internal analysis, like an artistic work. Craft is more than a specific 
set of skills or a specific mode of production, it is the interaction between human and 
materials, where creativity can develop an important role. This way, a crafts person 
develops the object from the beginning and until the end, finding creative solutions 
and potential improvements to be made for a better future (Schwartz, 2013). 
In synthetic form, as Tapio Wirkkala(1985) refers, craft is a simply a way to explore the 
truth with fingers, when the eyes lies, by not felling the shape of reality.  !!

!
“The eye does not feel the shape as sensitively as the touch, 
where the eye lies, the fingers tell the truth” 
Tapio wirkkala, 1985 !!!!!!!!!!!!!!!!!

Glossary !
Craftsmanship:  
Craft as a motion of doing things, a condition that allows small self-production, as also 
experimentation in design research and development (Ferrara, 2011)  !
DIY “Do It Yourself”:  
The self-production of objects and resolution of necessities, by materialize small ideas and 
produce in small-scale series, which can be seen today as a lifestyle or daily routine, of self-
production for proper consume. (Ferrara, 2011) 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3.3 ROUGH, QUICK; AND RAPID PROTOTYPING 
Explore Ideas in Physical Forms 
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“The power of integrating fast prototyping in our initial learning 
phase got us light years ahead.” 
Robin Bigio, on +Acumen HCD Workshop !!!!!

Prototyping is about making ideas tangible, getting feedback, learning and sharing 
prototypes with the others. In other words is getting tangible answers about 
theoretical questions, specific points of an idea, even with quick and rough 
prototypes, regarding further improvements and the ideas refinement.(Ideo, 2013) 
The advantage, integrates a fast and rapid prototyping in our initial learning phase, is 
the capability to identify and correct possible problems in the future. Reducing the 
costs without investing on finished models in the beginning.(Kelley, 2001; Brown, 
2009) 
These kind of prototyping is not about a specific technology like 3D printing or 2D 
cutting CNC machines, it is about getting ideas explored to a physical world, no matter 
the medium. In fact, small 3D printers can limit the size and quality of prototypes, 
therefore is better to use a professional 3D printer in advanced stages to get a more 
realistic and detailed prototype.(Hermans and Stolterman, 2012) 
Following Plattner (2010) on the “Bootcamp Bootleg” design method, a quick 
prototype can be anything that takes form, like a wall of post-it notes, a storytelling, a 
printed or manufactured model, a paper or even role-playing, like in a theatre.  
Even the creation of general schemes that represent an entire cognitive exercise or 
the workflow of a service or product can be adopted as prototype to schematize and 
communicate ideas. (Duarte, 2009) 
It is also possible to learn and get feedback by prototyping a number of examples 
adds, with graphic design tools or other simulation software, and then post it online, 
like a website, MySpace or crowdfunding platform. (Dow, Glassco et al., 2010) 
It is important to understand the value of use simple and traditional communication 
and prototypes techniques in the beginning of the process. This way, the creation of 
such elements as scenarios, dynamic visualizations and interactive screen-models, can 
be helpful tools during the project process. (Buchenau and Suri, 2000) !!!

Get Ideas Explored in Physical Forms 50Rough, Quick and Rapid Prototyping



!
 

!
!
“A prototype can be anything that takes a physical form – be it a 
wall of post-it-notes, a role playing activity, a space, an object, 
an interface, or even a storyboard.” 
Bootcamp Bootleg, by Institute of Design at Stanford  !!!!

Based on Human Centered Design Toolkit by IDEO(2008), and on the Bootcamp 
bootleg(2010) methodology by Stanford University, prototypes can assume different 
forms like: models, mock-ups, storyboards, role-plays, diagrams, spaces and 
advertisements.  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Figure 15  -    Rough prototype and Final product, of the Diego Powered Dissector System, developed by IDEO



Models:  
A physical model of a product makes a 2-dimensional idea into three-dimensional 
representations. Using rough materials like paper, cardboard, pipe cleaners, fabric 
and whatever allows to quickly getting low-fidelity mock-ups and models, evolving 
resolution and refinement over the time. (Toolkit, 2008; Ideo, 2013) 

!!!!
Storyboards: 
Imagining the complete user experience through a series of images or sketches. 
Telling the story of the idea in the future, describing what the experiences would be 
like, or simply write a paper or article reporting the idea. (Toolkit, 2008; Ideo, 2013) 

!!!
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Figure 16  - Examples of physical models of mobile phone

Figure 17  -  Example of a product storyboard life cycle



Role-play: 
Making an emotional experience with a product or service by acting it out with work 
team members or even with clients. Trying to role-play with the people that makes 
part of the situation and uncover questions that may appear. The idea is making 
simple and basic approximations of the product or service into real context. (Toolkit, 
2008; Ideo, 2013) 

!!!!
Diagrams: 
Mapping out ideas will be helpful to express processes, structures, spaces or services. 
This will lead to understand how ideas are related to each other, and how the ideas 
changes and evolves over time.(Toolkit, 2008) 

!!!
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Figure 18  -  Role-play of product/service, in a Service Jam

Figure 19  -  Example of a diagram about Design Thinking



Advertisements 
Fake advertisements and publications that promote the idea will lead to understand 
the different types of costumers, and the necessary changes in the project to achieve 
the success. (Ideo, 2013) 

!!!
Space/Scenario 
Creating scenarios and spaces by providing an interactive model and associated 
dialogues, will simulates user experience during operations and use (24,9)(8). This will 
keep people at the center of the idea, preventing loss of focus in mechanical or 
aesthetic details (Brown, 2009). Following Mihaly, scenarios can work as transactions 
between people and things (Csikszentmihalyi and Halton, 1981). 

!
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Figure 20  -  Example of an advertisement using a Digital Rendered Product, in a Crowdfunding platform

Figure 21  -  Example of the creation of Spaces and Scenarios for product use and testing



These rapid and rough prototypes are not precious as models, but are essential 
elements in a design process. They should be built quickly and cheaply as possible in 
order to filter and answer different questions like desirability, usefulness, usability, 
viability, feasibility, or any kind of external points to measure. (Toolkit, 2008) 
Following IDEO (Coughlan, Suri et al., 2007) quick prototypes made from inexpensive 
and accessible materials, like paper, foam-core, and/or wood, will be important to 
evaluate and test possibilities of physical forms, user usability and the interaction 
between mechanical components. 
The use of cheap and fast techniques will lead to the reproduction of various models, 
changing the mindset about investment, encouraging the creative process rather than 
in one particular idea. This parallel prototyping approach enables to compare different 
models with people, and get feedback from multiple prototypes, leading to a better 
understand about key variables and specifications(Dow, Glassco et al., 2010). Making it 
possible to discover possible constraints and opportunities in the future (Cross, 2006). 
A study from Stanford University found that parallel prototyping helps to get more 
divergent ideas, and consequently get better results, by making designers and project 
teams reacting more positively to critiques and failures.(Dow, Glassco et al., 2010) !!!

“With prototypes made from inexpensive and accessible 
materials – such as paper or card, foam-core, or wood models – 
We can explore many different possibilities with respect to 
physical form, human interactions, and how mechanical 
elements might work.” 
Coughlan, Suri and Canales, by IDEO !!!!!

A notion of prototype’s fidelity is helpful for orienting designers in the ways of building 
prototypes (Lim, Stolterman et al., 2008). This perception of low-resolution and fidelity 
in prototypes is vital for successfully communication and designers approach with 
clients(Buchenau and Suri, 2000). 
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Regardless of the importance of the fidelity in prototypes, in most cases, prototypes at 
the beginning and during the development of the project can’t be fully functional or 
quite similar with the final product.(Reichl, Froehlich et al., 2007) 
Low-fidelity and quick prototypes focus primarily on design exploration and 
communication of ideas and less on the formal and functional design evolution (Lim, 
Stolterman et al., 2008). This provides the ability to validate and predict future 
problems at an extremely low cost(McCurdy, Connors et al., 2006).  
Effectiveness and more sophisticated prototypes also can improve the inputs during 
the process, the use of low-fidelity techniques mixed with high-fidelity will create a 
better demonstration of the product combining different levels of fidelity.(Lim, 
Stolterman et al., 2008) 
A Mixed-fidelity prototypes or mixed prototypes, can be the difference between a static 
model and a model with the incorporation of sound or touch. This type of prototypes 
will create a more realistic experience, by mixing a simple physical model with the 
current technology and virtual information(Ferrise, Bordegoni et al., 2013). The 
Arduino Open-Source project is also a good example of these technology.  
According to Alethea Blackler (2009), high fidelity prototypes can be used as 
successfully experimental tools, as the low-fidelity prototypes may have an important 
role in the development of design. However, what is important to understand is that 
what matters is the results from the experiences and models made, making that a 
prototype of various fidelities, like the Meeting Clock (2014) (Figure 22), a fundamental 
tool to research and product development. 
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Figure 22  -  Meeting Clock - Mixed-fidelity prototype, with a foam exterior and an Arduino technology



With recent advances in prototyping tools and techniques, is it increasingly easy to 
create mixed-fidelity prototypes that are high-fidelity on some dimensions and low-
fidelity on others. The idea is to achieve a more precisely prototyping resources, to get  
to specific end goals. (McCurdy, Connors et al., 2006) 
This way, the resolution or fidelity of prototypes is not really important, because that 
should follow the progress of the project. The important mindset is that prototypes 
must be rough and as rapid as possible, to learn quickly and get feedback about the 
different possibilities to take in the future. (Plattner, 2010) 
The essence of rapid and effective prototyping is built to think. Using prototypes as 
disposable tools used to validate ideas and also generate new ideas during the 
process. These can be a powerful way to communicate and think, about, how these 
interactions will report in the future the product development intentions. (Toolkit, 
2008) !!!!!!!!!!!!!!!!!!!!!
Glossary !
Parallel prototyping: 
Creation of multiple prototypes in parallel to encourage different alternatives to discover 
more effectively unseen constraints and opportunities. (Cross, 2006; Dow, Glassco et al., 2010) !
Mixed-fidelity prototypes: 
A prototype that combines low-fidelity and high-fidelity on different dimensions of design 
consideration (Lim, Stolterman et al., 2008). A more interactive and realistic prototype, witch 
can explore other dimensions like vision, touch and sound(Ferrise, Bordegoni et al., 2013). 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4. “ENOUGH IS ENOUGH” 
FOCUSED PROTOTYPING - MODELS 
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“The most efficient prototype is the most incomplete one  
that still filters the qualities the designer wants to examine  
and explore.” 
Youn-Kyung Lim and Erik Stolterman, of Indiana University,  
and Josh Tenenberg, of University of Washington !!!

Designers use very different kind of materials and techniques to represent the 
expected final product. These tangible attempts to visualize future aspects and 
impacts, will serve as effective support and information for designers to evaluate and 
predict certain aspects, and also help in the decision making in their projects.(Lim, 
Stolterman et al., 2008) 
There are amazing computerized technologies today to create high level fidelity 
prototypes, such as 3D printers and Laser cutters (Dexter and Jackson, 2012). 
Although, following Tim Brown from IDEO, prototypes should only get the time, effort 
and investment as it necessary to generate the useful feedbacks and inputs needed to 
go forward, because the more finished, complex and expensive the model, the less 
feedback and constructive inputs will be generated. “Just enough prototyping” as Tim 
Brown refers, means focus on what we want learn and achieve with the enough 
resolution or details on prototypes, preventing extra expenses and unnecessary use of 
too refined and too detailed models too early in the process (Brown, 2009). !!

“Picking what we want to learn about achieving just enough 
resolution to make that the focus.” 
Tim Brown, IDEO !!

A model too complex that satisfies a lot of requirements does not guarantee that it is 
going to be efficient, in fact the focus of prototyping is framing and exploring ideas, so 
instead of having refined and finished models, what matters is to get simple and quick 
forms to evaluate and get feedback, that is the fundamental principle of prototyping. 
(Lim, Stolterman et al., 2008) 
All design ideas requires the interplay with a list of specifications or requirements to 
represent. Although is important to not only manage these specifications, but also the 
prototypes that represent and embody them, because the dialog between 

FOCUSED PROTOTYPING - MODELS 60“ENOUGH IS ENOUGH”



specifications and prototypes can be the key to the success or failure of the 
advancement of an innovative idea. (Schrage, 1993) 
Some models or ideologies like “the anatomy of prototype” from Lim, Stolterman and 
Tenenberg (Lim, Stolterman et al., 2008) can help to create some profiles or guides to 
practice of prototypes, by making some quick and dirty prototypes plan, before the 
production of refined models and the final product. 
This way, a focused prototype mindset will help to solve problems and specification one 
by one (Kelley, 2001; Els, 2009). By thinking about prototypes itself, will allow to make 
better decisions about what kind of prototypes will be needed to think, evaluate and 
communicate ideas (Houde and Hill, 1997). !!

“With a clear purpose for each prototype, we can better use 
prototypes to think and communicate about design.” 
Stephanie Houde and Charles Hill, Apple Computers Inc. !!

The purpose of prototyping is not only giving form, but actually creating something to 
evaluate, test and experiment, allowing to understand costumers needs and values, 
simultaneously communicating ideas and generating new ones.(Lim, Stolterman et al., 
2008) 
Following Clark, it is the externalization of the perceptual and cognitive operations 
that allows to reflect and interact with ideas. So the act of prototyping as and act of 
giving a material or physical form to the ideas, even if in quick and rough ways, is an 
essential and constructive part of creation process.(Clark, 2001)	

A realized and represented idea will become a collaborator and a tool to understand 
and examine the idea itself (Schön, 1987). Although it is important knowing how to 
make it, use it and when to stop it (Brown, 2009). This way, three models will be 
presented, to show the importance of using different prototypes and how they can be 
a useful in the design process. !!
Glossary !
Focused prototype:  
A quick model made of any materials available, witch are significantly cheaper than the 
materials used in the final prototype(Els, 2009). Understanding when is enough and what is 
enough to reproduce models, in order to communicate and evaluate the idea(Kelley, 2001).  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4.1“WHAT PROTOTYPES PROTOTYPE” 
By Stephanie Houde and Charles Hill, of Apple Computer Inc. 

!
As argued by Houde and Hill(1997), the model of “What prototypes prototype” consists 
on independent investigations in key areas, instead of making monolithic prototypes 
that represents all aspects from the start. By making separate prototypes and 
exploring specific questions, it is possible to generate different feedbacks and inputs 
to integrate in the final design. 
Houde and Hill define three important dimensions of the design as an interactive 
artifact: role, look and feel, and implementation. These will serve as guides to create 
different prototypes and get distinctive information and inputs to the project. 

!
Role prototypes 
Questions about the function that an artifact serves in a user’s life—the way in which 
it is useful to them. !
Look and Feel Prototypes 
Questions about the concrete sensory experience of using an artifact—what the user 
looks at, feels and hears while using it . !
Implementation Prototypes 
Questions about the techniques technical feasibility and components through which 
an artifact performs its function. !
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Figure 23 - A model of “what prototypes prototype” Figure 24 - Four principal categories of prototypes



!
Integration prototypes 
Integration prototypes are built to represent the complete user experience of an 
artifact and to verify that the design is complete and coherent. It’s a closer 
approximation to the final artifact. !
In the beginning, it is crucial to understand the importance of role dimensions, to 
understand the function of the design, and also the exploration of the look and feel 
dimension, as an emotional and aesthetic area. Without these, some specification 
may be unstated and uncertain, because the results of these prototypes may include 
some technical specifications and components to evaluate in the implementation. 
After understanding these dimensions and construct different prototypes, designers 
need to integrate information to balance and resolve constraints in different 
dimensions. This way, integration prototypes will help to understand the design as a 
whole, and get some complex solutions to simulate the final artifact. 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Figure 25 - Examples of Look and 
Feel prototypes relations to the model

Figure 26 - Examples of Role 
prototypes relations to the model

Figure 27 - Examples of Implementation 
prototypes relations to the model

Figure 28 - Examples of Integration prototypes 
relations to the model

Figure 29 - Example of all categories and prototypes relations 
to the model



4.2 THREE STAGES OF PROTOTYPING 
By Hans-Christoph Haenlein, IDEO 

!
Hans-Chritoph Haenlein (2007), former director of prototyping at IDEO, describes the 
internal company process as a “Three stages of Prototyping”. The first stages is 
“Inspiration”, where rough prototypes are built to explore, evaluate and achieve 
different design solutions and options. In the next stage, when the number of ideas is 
reduced, the “Evolve” stage consists on the evolution to more focused and objective 
prototypes, leading to the evolution of ideas for the next stage (Hartmann, 2009; 
Bogers and Horst, 2014)). !

!
!
!!!!!!!!!!!!!

During the first two stages, rough and rapid prototypes are used to generate and get 
project specifications. Although, in the end of the project, at the “Validate” stage, 
prototypes are built to validate specifications and concrete design questions as an 
integrated model. At this phase prototypes tend to be complex and much as a 
complete model as possible(Hartmann, 2009). 
The IDEO process starts with prototyping to achieve and develop specifications and at 
later stages prototypes are developed based on those specifications(Kelley, 2001). This 
combination of prototyping with specifications helps to deal with problems on 
developing new products, as the number of features and the usability of the products 
(Bogers and Horst, 2014). 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Figure 30  - Three Stages of Prototyping, by Hans-Christoph Haenlein



!
!

This way, the idealization of rough and rapid prototypes is used to provide 
specifications along the process, leading the construction of prototypes to understand 
future features and get product specifications. These specifications will be the 
guideline to drive the next stage of complex and right prototypes(Hartmann, 2009) 
At common organizations the prototype process works based on specifications driven 
prototypes and behind walls, without contact with the external world. Although, David 
Kelley argues that companies that wants to be innovative needs to understand the 
importance moving from specification-driven prototypes to prototype-driven 
specifications(Kelley, 2001). Besides this, the model presented by IDEO also refers the 
necessity to make distinction between prototypes used internally by design teams to 
explore or inspire, and prototypes created to communicate insights and represent 
specifications, to get external feedback with clients and other possible 
stakeholders(Haenlein, 2007; Hartmann, 2009; Bogers and Horst, 2014). !!
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Inspire Evolve Validate

Embrace failure 

Build it yourself 

Leverage your design 
community 

Prototype to specify 

Low resolution model

Expect changes 

Build with an expert 

Leverage our experts 

Prototype is partially 
specified 

Targeted model

Manage changes 

Have an expert build it 

Leverage our vendor network 

Prototype is specified 

Integrated model

Figure 31  -  Relation between the Three Stages of Prototyping model and different types of prototypes

Table 2  -  IDEO’s Three Stages of Prototyping



4.3 THE ANATOMY OF PROTOTYPES 
By Youn-Kyung Lim and Erik Stolterman, Indiana University,                                                              
and Josh Tenenberg, University of Washington 

!
Argued by Lim,Stolterman and Tenenberg(2008), “The Anatomy of Prototypes” is a 
framework based on the fact that prototypes are not the same as the final product, 
that can provide support for critique, analysis and evaluation of prototypes. This way, 
a designer can develop a thinking guide to help others to better understand what are 
the characteristics of prototypes that matters, making better choices about materials, 
resolutions and scopes of their prototypes, related by aspects of the design idea. 
The framework consists on a new language that articulates different prototypes. For 
them, make a prototype is to find manifestations that will filter qualities and attributes 
of the project. This way, there are two available typologies to compare and to 
integrate different models, considering prototypes as filters and prototypes as 
manifestations. !!
Prototypes as Filters 
An incomplete portrayal of a design idea, an incomplete model that makes possible to examine 
an idea’s without building a copy of the final design. 
 

!
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Table 3 - Prototypes as Filters Dimensions

Appearance: the physical properties of the design. It may include forms, 
colours, textures, sizes, weights, and shapes, as well as 
proportional relationships

Data: the information architecture and the data model of a design.

Functionality the functions that can be performed by the design. Focusing on 
this dimension, designers may determine preferred functionalities 
and scenarios associated with using different functions.

Interactivity: the ways in which people interact with each part of a system. It 
may include feed- back, input behaviours, operation behaviours, 
and output behaviours.

Spatial Structure: how each component of a system is combined with others. 
Including considerations of laying out interface or information 
elements in an interactive space



Prototypes are meant to generate, evaluate and discovery ideas, and when incomplete 
a prototype can reveal some aspects of the design idea. That is what a prototype as 
filter is, an incomplete model that makes possible to examine idea’s qualities without 
creating a faithful representation of the final idea. By using these models it is possible 
to get aware about the different dimensions of the design to filter, making the 
decision-making easy and carefully managing the design values. !!
Prototypes as Manifestations 
An informative tool that that concretize and externalize conceptual ideas, the disparity between 
prototype materials and the expected materials of a final design. 
	  

!!!
A prototype is a representation on pre-existing object and their behaving in a certain 
context, this requires a relation between the test model and the final product, helping 
to visualize and evaluate the design idea. 
Prototypes as manifestations can take almost any form, shape and appearance. From 
a simple sketch to a render, what is important is the formation of a representation, 
even if is not physical, but that can communicate some invisible triggers and implicit 
behaviours of the design. This way, when forming a prototype as a manifestation it is 
necessary to have particularly attention to different dimensions, like materials, 
resolution and scope, in order to understand what type of materials to use, the details 
needed and the stage of the prototype. !
The model presented by the “Anatomy of prototypes” does not tell the designer how 
to make exactly prototypes, but can inform about their nature and some possible 
parameters to think about. The formation comparison and integration of different 
prototypes throughout the process, will lead to to better decisions and better design 
outcomes.  

FOCUSED PROTOTYPING - MODELS 67“ENOUGH IS ENOUGH”

Material: Medium (either visible or invisible) used to form a prototype - issues 
of what prototypes should be composed or made out of.

Resolution: Level of detail or sophistication of what is manifested - what level of 
fidelity the prototype should have.

Scope: Range of what is covered to be manifested - how complete the 
prototype should be.

Table 4 - Prototypes as Manifestations Dimensions
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5. YES, THEY PROTOTYPE! 
PRODUCTS; COMPANIES; MATERIALS; EXPERIENCES 

 

 69



In the beginning of the design process it is important to understand the value of low-
fidelity prototypes to create a good experience models to test. High- fidelity models 
are also important, although it is important to promote an exploration and evaluation 
of possibilities by using some low-tech solutions, like paper, foams, cardboard and 
others. (Buchenau and Suri, 2000) 
Following Virzi(1996), low and high fidelity models are suitable for finding usability 
problems. Although, Buchenau and Suri (2000)from IDEO claims that the use of low 
tech models promote a mindset focused on the design question, and not on the tools 
or techniques used to represent the problem . !!!!

“Low-tech solutions seem to promote the attitude that it is the 
design question that is important, not the tools and techniques 
that can be brought to bear.” 
Buchenau and Suri, from IDEO !!!!

Choosing the right kind of prototype to build, communicate its propose and critical 
aspects of use, is not an easy task (Houde and Hill, 1997). Although there is no guide 
with correct answers to this problem, cause prototyping can assume different forms 
and can adopt different strategies (Schrage, 1993). 
The term “prototype” can be ambiguous on such team or context, it can be associated 
with the divergent expectations of different creators from different areas (Houde and 
Hill, 1997). Even in companies, the meaning of what is a prototype is not clear and 
defined, because organizations create their own prototyping culture. In some 
organizations only certain kinds of prototypes are valid, like highly detailed models 
about appearance, or only prototypes that can be produced can get respected 
(Schrage, 1996). 
In general the term of a physical model can be used to describe a study three-
dimension representation of a product, service and system, which are used to 
simulate different aspects such as appearance and function before the final product.
(Hallgrimssom, 2012) !!
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 !!
Companies like IDEO, one of the pioneers to value the preliminary models, used 
prototypes along the process. For example the development of Palm V (Figure 32), 
where were used foam and machined aluminum models were used to achieve the 
final shape.(Kelley, 2001) 
Another good example from Lunar, another Californian company, is the Oral B 
CrossAction toothbrush (Figure 33), one of the most ergonomic toothbrushes in the 
market. In an initial stage prototypes explores almost any size and shape, whereas the 
later models looks more detailed, with exact materials, including color and texture. 
This process shows perfectly the progress from a low to high fidelity and detailed 
prototypes.(Hallgrimssom, 2012) 
As the project evolves, prototypes become more complete, becoming more complex 
and expensive. Although the goal for using low to high fidelity prototypes is not create 
an idea of a framework model. Instead of this, the propose is to materialize ideas to 
learn about their strengths and weaknesses, identifying new directions and 
possibilities for next stage of more detailed and refined prototypes. (Brown, 2009) !
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Figure 32  -  Prototyping process of Palm V, by IDEO

Figure 33  -  Oral B CrossAction toothbrush prototyping process, by Lunar 



“Prototypes are as much a medium for managing risks as they 
are a medium for exploring opportunities. They can be treated as 
an insurance policy or as an option on the future.” 
Michael Schrage !!!

One recent case of product development based on prototyping process is the one 
from Nike.inc. After almost 180 prototypes, the American company developed and 
tested the Magista Obra (Figure 34), a football boot which designed to offer an 
ultimate fit and touch introducing new technologies like the Dynamic Fit collar, fitting 
over the ankle for a sock-like feel, and the Flyknit technology for a locked-down fit and 
adaptive support. This boot becomes the first lightweight and soft material boot, 
capable to mold to the foot. In this case, Nike used a process guided with prototypes, 
in order to achieve a completely new solution.  (Grice, 2014) 
The use of this kind of process is much more than to use prototypes as tools to 
manage risks, they are mediums to explore new opportunities, and this is the 
difference between an preventive tool and an insurance, or a device to achieve 
innovative solutions in the future. (Schrage, 1993) 
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Figure 34  -  Prototypes of Nike Magista football boot



!
One the most iconic couple in the design world, Charles and Ray Eames (Figure 36), 
were also one of the greatest teams building prototypes, using prototyping to explore 
and refine ideas over the years. Their work results of one of them most respectful 
design objects in history and a reinvention of the design of the twentieth century 
(Brown, 2009). 
Although some good examples on furniture design are reinventing the new century, 
perhaps one of the greatest is the FiDU Technology (Figure 37) developed by Oskar 
Zieta. Following Zieta, FiDU is a kind of manifest of our technology, and what it makes  
so special is how quickly and accurately rigid elements can be produced with a two 
dimensional sheet into a three dimensional object. (Terstiege, 2009) 
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Figure 35  - Charles and Ray Eames working process Figure 36  -  Charles and Ray Eames

Figure 37  -  Fidu Technology, by Oskar Zieta



!!
The Stool (Figure 39 X) and Chippensteel (Figure 38), are two of the results from this 
technology, which uses two shaped sheets cut by a cutting laser machine, placed on 
the top of each other and welded together on the edges. After this, the space between 
is expanded using air pressure, although some experiments had been made with 
water, but with no good results.(Terstiege, 2009) 
This process is much more than the creation of furniture  design. In fact, these 
prototypes helps to evaluate some parameters, such as the thickness of the steel 
sheets, internal pressure, deformation time, and the most important of all, validating 
the technology itself. Which is a flexible metal production process, with a wide range 
of application areas. (Terstiege, 2009) 
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Figure 38  -  Chippensteel chair, by Oskar Zieta

Figure 39  -  The Stool bench, by Oskar Zieta



The FiDU is good example to illustrate that prototypes can have different proposes, 
and that’s why, following Floyd(Floyd, 1984), it is important to understand what is the 
role of prototypes in practice and their usefulness. 
High quality and fidelity models are costly to build, in general the reasons to invest in 
refine models is to get a visceral response by making the design seems real to an 
audience, and to verify the intended aspects of the object before the production 
(Houde and Hill, 1997). !!

!
“What is significant is not what media or tools were are used to 
create them, but how they are used by a designer to explore or 
demonstrate some aspect of the future artifact.” 
Houde and Hill, Apple.Inc !!!

A great company, such as Apple, understands the importance of using prototypes 
along the product development process. For example, the foam computer models 
(Figure 42) made in the 80’s are good representations of appearance and look of the 
product for an audience, although even the biggest organizations value the rough and 
quick prototype as an experience. The pizza-box prototype (Figure 41) developed by 
on the computers architects from Apple, are a perfect example of that. (Erickson, 
1995; Houde and Hill, 1997; Kastrenakes, 2014) !
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Figure 40  - First Apple Computer prototypes Figure 41  - Apple’s Pizza-box prototype



 
	

During the years, Apple created an atmosphere that enables creativity during 
prototyping, letting new ideas and approaches flourish. Following Houde and Hill, the 
media or the tool used is not important, what matters is how designers uses models 
to explore and demonstrate new ideas for the future .(Erickson, 1995; Houde and Hill, 
1997) 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Figure 42  - Apple Lisa Study prototype

Figure 44  -  Apple Mobile Phone study Figure 45  -  Apple Wrist and Ear Phone, study, 1983

Figure 43  - Apple Bashful Study prototype



 !!
Other example from a bigger company is the development of Braun’s Pulsonic beard 
shaver. The Pulsonic shaver is distinct by its ergonomically shape and the considerably 
wide shave head. The development process was made using acrylic foam, CNC-cut 
plastic models, painted and texturized versions and then the final product (Figure 46). 
(Terstiege, 2009) 
The most interesting part of this product development is the innovative high-speed 
blades that eliminate the sound. This way, it was necessary to improve of the product 
in a sound lab (Figure 48), when the focus is on recreating the noise that occurs when 
the blades meet the beard (Terstiege, 2009). !
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Figure 46  -  Physical models evolution of  Braun Pulsonic shaver

Figure 47  -  Other physical models from Braun prototyping process



!
“Today we cannot afford for a product development flop” 
Rolan Ullmann, from Braun !!!!

The creation of sound is clear an emotional update of the “form follows function” of 
Braun philosophy, to achieve the perfection product usability. Following Braun senior 
designer Roland Ullmann, prototyping emotional details is important to achieve the 
success, because today companies can’t afford to put a flop product on the market. 
(Terstiege, 2009) 
These emotional experiments with products will be a good way to prevent future 
failures in products. In fact, different approaches of using prototypes needs to be 
explored and implemented for a fundamental knowledge about what prototypes can 
really do, in order to evolves with their use, and to promote the research about 
prototyping. (Lim, Stolterman et al., 2008) 
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Figure 48  -  Braun Pulsonic tests in the Sound Lab



 
!

Even in high-technological industries exists the perception of the importance in 
making different approaches during the prototyping process.  The Institute for plastics 
technology at the FH Northwestern Switzerland (FHNW) in Windisch has developed a 
great example of that. Their new motorboat designed solely for speed, achieving 43 
knots, and the goal was essentially to improve the manufacture of fiber compounds. 
(Terstiege, 2009) 
Tender 08 (Figure 49) is the new boat developed for speed by FHNW. Using cardboards 
studies, mock-ups and CAD models, user concepts, ergonomic studies and speed, 
forecasts were made. In the beginning the models were made on lad scale, and then 
they were transformed into sections, moving to a full-scale model in cardboard (Figure 
50). (Terstiege, 2009) 
This type of prototyping process allows FHNW to explore new user concepts for the 
boat, like new concept seats and a reclining front zone, which had been rejected 
during the process. Although, the use of rough prototyping helped the team to 
achieve new inputs, like the new modular concept, making with the inner shell that 
can be inserted and glued into the hull in the place (Figure 51). (Terstiege, 2009) 
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Figure 49  -  Tender 08, high-speed boat

Figure 50  -  Real size scale paper model of Tender 08 Figure 51  -  Modular concepts of the Tender 08 shell



Different prototypes are made to reflect about different topics. Different questions 
needs answers from different prototypes, such as foam, stereolithography, or even 
paper or cardboard models. Sometimes sophisticated questions do not necessarily 
means the use of sophisticated and complex prototypes. (Schrage, 1993; Schrage, 
1996) 
Another example of a high-technology industry is on automobiles development, 
where Porsche, for example, keeps using full-size clay models during the development 
process. The techniques used on the clay model of the first Porsche 911 from 1963 
(Figure 52), is not different from the models of 2000’s Porsche 911 (Figures 53 and 54).  
For almost 80 years, clay modelers have used hands and tool shaping to developing 
real size car models. These models not only make it possible to make changes on 
surfaces and visualize them, as also can be functional, by being replicated for a 
second model to be used in the wind-tunnel tests. (Wayland, 2015; Wilson, 2015) !
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Figure 52  - Clay model of the first Porsche 911 model, 1963 Figure 53  -  2000’s clay model of Porsche 911model

Figure 54  -  Clay model of Porsche 911, 2008



In the community of project teams, prototyping should be seen as a problem solving 
tool and also as an experiment to achieve new concepts. This starts since the 
beginning of the project and continues until the end. (Hallgrimssom, 2012) 
The Pixelrollar project (Figure 55), developed by a London based collective, Random 
International. Ltd, is a new kind of product that allows digital images and texts can be 
rolled on a wall.  
The artifact is similar of perfectly normal paint roller, except this one has cables. This 
way, a white wall, a laptop and rod-like tool with a roller is the only things needed. The 
process is almost like scratch a lottery card, where pixel-based image is scanned and 
then reproduced by digitally-controlled stamp rolls.(Terstiege, 2009) 
The initial point for the development of the Pixelrollar technology was a light roller 
pen to draw on ligh-sensisitive surfaces with LEDs, which is ready to be launched on 
the market.  Although, the Pixelrollar still needs some improvements, like higher 
resolution, wireless option, smaller dimensions, and to solve problems with the 
decrease of the intensity of colors. (Terstiege, 2009) 
During the process the team rolled some tests and images, like the Ingo Maurer 
portrait (Figure 56) in order to evaluate and explore the technology. All this process is 
much more than making prototypes of product or technology, but actually prototyping 
to validate a new kind of products concept. (Terstiege, 2009) 
The more complex and complicated the project is, the more disciplines will be 
involved, and more proof will be necessary to validate ideas. The using of physical 
models and experimental representations enables the collaboration and reflection 
between different areas of the teamwork members. (Hallgrimssom, 2012) 
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Figure 55  - Pixelrollar technology physical model Figure 56  - Pixelrollar Ingo Maurer portrait experiment



	  !!
Prototypes play an essential role to achieve innovation, and Burton Snowboards is the 
one of the best brands to exemplify that. With the construction of physical models 
(Figure 57) during the 70’s and the 80’s, the brand not only created and optimized the 
board to use in the snow as a new concept of product, they actually created a new 
type of sports, Snowboarding. 
Innovative products can fail if something crucial is left behind. The founder of Burton 
Snowboards, Jake Burton Carpenter, defends that innovation is about looking for what 
isn’t there. Understand what people want and search for what is missing (Kelley, 
2001). 
The use of prototyping is also a good point to achieve innovative manufacturing 
processes and services. For example, the construction of 3D and 2D models with 
some prototypes techniques like CNC cutting machines, can be a great deal to achieve 
a modern flexible production, as an alternative of mass production(Hoftijzer, 2009). 
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Figure 57  - Burton Snowboard prototypes evolution

Figure 58  - Burton Snowboard prototype, 1977



!!
The Opendesk (Opendesk)(Figure 59) service is designed to work directly with 
designer, and to produce locally on Fab Labs. This way, the service allows designers to 
draw their pieces and put them on a open source database, when costumers want a 
table or a bench, they can choose different models, and order to make it on the 
closest Fab Lab. 
This service is alternative of big companies, promoting a more direct and personal 
contact. Cutting out logistical and shipping costs, and reducing the markup on retail, 
Opendesk is a great deal for independent designer and makers, and local Fab Labs. 
On their web site it is possible to choose from different models and see their 
designers, as also as the Fab Labs that work with the service. In the end, the result is a 
product ready to assembly (Figures 60 and 61), produced in alternatives technologies 
and spaces of mass production, which is also used in products prototyping process. 
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Figure 59  - Opendesk service / www.opendesk.cc

Figure 60  - Open desk Stool unassembled parts, 
by Joni Steiner and David Steiner 

Figure 61  - Open desk Edie Stool cut form, 
by Joni Steiner and David Steiner 

http://www.opendesk.cc
http://www.opendesk.cc


!
The Well Proven Chair (Figure 62) by Marjan Van Aubel and James Shaw is another 
good artifact, which can exemplify perfectly the construction process of a physical 
model, in order to innovate and achieve new ways of product manufacture. 
With almost 80% of timber wastage during the manufacturing in is studio in London, 
Aubel and Shaw investigate a new way to incorporate that waste on new designs, by 
using bio-resin and reinforcing with hardwood discards. The result was a foam 
mixture with some colour, that can be applied and shaped by hand on the structure of 
the chair (Figure 64).(Caula, 2012) 
This example not only is an authentic solution as an alternative of mass or common 
production of products and as a way to re-use some wastes and discarded materials, 
but also is a process that values the unique character of hand-made pieces, enriching 
the human error as an essential part of the product concept. 
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Figure 62  - Well Proven Chair, by Marjan Van Aubel and 
James Shaw

Figure 63  - Well Proven Chair detail of the wood waste with 
bio-resin composite and natural wood

Figure 64  - Well Proven Chair manual process of  
production

Figure 65  - Well Proven Chair composite experiments 
with different colors



In general, these examples serve to demonstrate how big companies and great 
product developer’s use a prototyping approach to achieve better results. This way, 
with the creation and evolution of experimental and multiple prototypes, it is easier to 
follow the general and continuous flow of the product development. (Thompson and 
Wishbow, 1992)  
Prototypes should be considered learning vehicles that leads to more precise ideas 
about products, and targets that originated their development. (Gutierrez, 1989) !!!!!

“A learning vehicle that provides more precise ideas about the 
objectives and targets which originated its development.” 
Oscar Gutierrez, from University of Massachusetts at Boston !
!!!!!!
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6. PROTOTYPING IS A MINDSET. 
A CULTURE; A PHILOSOPHY; BEHAVIOURS; 
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Prototyping as the construction of physical models can be an important cognitive 
strategy to successfully solve design problems and it’s solutions (Hartmann, 2009). 
Although, besides of the realization of prototypes themselves, activities and attitudes 
involved during the process of create, test and refine prototypes, are also 
important(Coughlan, Suri et al., 2007). 
The process of prototyping itself can lead to small innovations, the type of details that 
can be the difference between the success and failure of a product (Kelley, 2001). This 
way it is important to adopt different approaches about functional and emotional 
aspects about the product, and also understand that as the project evolves, the 
number of prototypes will get lower as the resolution and definition gets higher. 
Never forgetting the main prototyping proposal of helping to refine and improve 
ideas(Brown, 2009). 
Following Michael Schrage (1993)the process of prototyping can strongly influence the 
whole design enterprise. Prototypes and specifications, mediums used, prototyping 
cycle, all of these different aspects contributes to form a prototyping culture. 
To understand how companies create valuable new products it is important to 
understand exactly their working and prototyping culture. In fact, the differences in 
enterprises prototyping cultures will reflect the differences of quality and quantity of 
different products. (Schrage, 1993; Schrage, 1999) 
For Schrage(1993), prototyping as a culture is a mixture of organizational structure 
and the practices of participants during the development. Each company or work 
entity has their culture, which can be a more formal process role, or a more informal 
prototyping activity. In the end, a culture of prototyping is about the context where 
ideas are developed, where prototypes can have a more or less important role. 
Prototyping as a culture is a mixture of organizational structure and the practices of 
participants during the development. Each company or work entity has their culture, 
which can be a more formal process role, or a more informal prototyping activity. In 
the end, a culture of prototyping is about the context where ideas are developed, 
where prototypes can have a more or less important role. (Schrage, 1993) !!!!

“Prototyping culture (…) is the context in which work actually 
get done.” 
Michael Schrage, in Culture of prototyping !
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In general, companies see prototypes as a final model of the product, instead of 
element with functional specification in development. This reflects a specification-
driven culture, which is extremely focused on market research and specifications, 
before moving to a prototyping stage. Although, a prototype culture should be the 
opposite of this, it should use prototypes as vehicle to achieve market feedback and 
specifications before the final product. (Schrage, 1993; Kelley, 2001) 
By focusing on a prototyping as a practice in a product development, instead of an 
ordinary stage in a managerial level, it leads to an almost solving-problem continuous 
process (Bogers and Horst, 2014). Where for example, the production of prototypes 
doesn’t need to happen only when design teams think is necessary, the organizations 
themselves can create a process around an explicit schedules for prototyping. This 
can result on the double or triple number of prototyping cycles per project, raising the 
quantity of changes and models, which inevitably lead to a more and better quality 
changes (Schrage, 1993). 
The time and energy spent collecting, planning and analysing a lot of information, 
trying to understand the market and the stakeholders, should be spent in a creative, 
collaborative and constructive work processes, by learning and get forward collectively 
(Coughlan, Suri et al., 2007). This approach of integrates clients and users in the 
design process using prototypes, have already been proven to be successful by a lot of 
design teams(Rhinow, Koeppen et al., 2012). 
The conversation between a rapid building of prototypes and testing them with 
costumer corresponds to a culture of prototype-driven organizations, with values 
creativity and innovative solutions. This type of approach has been built around IDEO’s 
prototyping philosophy (Schrage, 1993; Brown, 2009). Dennis Boyle for example, one 
of their masters in prototyping, says to “ Never go to a meeting without a 
prototype”(Kelley, 2001). This statement represents perfectly what Kauber (1985)wrote 
defending a prototyping practice not as method but as a philosophy, a state of mind 
of developing ideas. !!!!!!

“Prototyping: Not a method but a philosophy.” 
P.G. Kauber, Journal of Systems Management !!!
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For IDEO, seeing prototyping as a philosophy, is the use of prototypes to help in 
design practice and refine organizational processes, services and infrastructure to the 
development of products, creating tangible representations of ideas. At the beginning 
they should start rough as possible to accelerate learning, reducing costs and failures, 
as also avoid emotional attachments (Coughlan, Suri et al., 2007). Besides that, a 
playful and an iterative approach to problems is also an important element in IDEO’s 
culture of prototyping (Kelley, 2001). 
To better understand the culture of the prototyping philosophy it is important to 
consider the three primary objectives of prototyping, written by Couchlan, Suri and 
Cannales( 2007) from IDEO, which can perfectly represent the idea of a prototyping as 
a philosophy and an essential part in the product development. !!!!

“Prototyping itself becomes an ongoing expectation and  
mode of behaviour.” 
Coughlan, Suri and Canales, IDEO !!!

The first objective of prototyping consists on “Building to think”, developing prototypes 
as thinking with hands, by putting ideas into a tangible forms, allowing designers to 
push thinking forward. In fact, with the creation of a rough model, teams can achieve 
incredible progresses, rather than spending time on trying to decide what to build, the 
idea is represent the best possibilities as the starting point for the discussion.
(Coughlan, Suri et al., 2007) 
The next objective is “Learning faster by Failing Early”, defend that failure can be a 
powerful way to learn, and that prototypes provide a space to fail and also an 
opportunity to discover and learn more quickly. Even if one of the best ways to reduce 
risks is to achieve a right solution on the first time, failure can be used as a powerful 
learning tool, because it is not common for the first solution to be the best one. This 
way, failure can also help to reduce risks by lowering the cost of learning and 
production of models. (Coughlan, Suri et al., 2007) 
An early failure has to be seen as positive thinking, which will make the team learn 
quickly about their costumers needs, moving to better ideas with a minimum of 
investment.(Coughlan, Suri et al., 2007) !
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Another important objective is “Giving permission to Explore New behaviours”, 
allowing the encouragement to break established patterns with prototypes. With the 
construction of tangible and visible representations, it’s possible to create a 
transitional form that supports a change from a current behaviour to a new one. In 
fact, that is one the most important characteristics of prototypes, the permission to 
adopt and try different behaviours(Coughlan, Suri et al., 2007). The practice of 
prototyping should always be inspirational, not as artwork, but as a tool to inspire new 
ideas, which start earlier in the project, achieving numerous ugly and quick models to 
allow the project developers learn just the essential about something and move 
forward faster(Brown, 2009). 
Most of the times there isn’t time to do things by the book, or in the perfect way 
imagined, that’s when prototypes can make the difference, by crystallizing the group’s 
feedback, transmitting different points of view, and keeping things moving (Kelley, 
2001). This way, prototyping not only changes conservations, but also changes 
behaviours, turning the practice itself into an ongoing expectation and way of 
behaviour(Coughlan, Suri et al., 2007). ! !!

!
“Prototypes as “transitional objects”, that is, objects that support 
a change from a current behaviour to a new behaviour.” 

Coughlan, Suri and Canales, IDEO !!!!
Behaviours that value the developing of rapid, low quality and dirty prototypes, and 
that many prototypes are supposed to be abandoned, anyway.  The label “ prototype” 
must mean every kind of representation and not only the documented one 
(Schneider, 1996). The process should be seen as an indicator of progress and even 
when failures happen, prototyping allows making small and easy changes, and also to 
learn and recover from small errors(Coughlan, Suri et al., 2007). 
Top management may find difficult to see beyond the roughness of prototype, and 
sometimes the team needs appropriately polished models. Although, the idea of that 
innovative teams generate innovative prototypes has been changed to a vision that 
new processes of prototyping are the focus to generate innovative work teams 
(Schrage, 1993). This means that designers and work teams cannot solely depends on 
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prototype as an manifestation, because prototypes are related with the all 
organization, and along the innovation process on developing new products(Rhinow, 
Koeppen et al., 2012).  
The most effective environments to prototype seems to be a space when are valued 
the collaborative and accessible process, and support a roughness as medium. 
Accessibility is an important factor to support a true collaborative design, and the 
roughness will increase the creation of design alternatives. This approach, also known 
as working prototypes, leads to emphasize the form, interactivity and the appearance 
of the developed product. (Erickson, 1995) 
For Thomas Erickson (1995)from Apple, accessibility is an important factor in 
prototyping, when all the team and costumers can contribute to the design. This is 
particularly essential in the early stages, making it easy to be modified and changed, 
and is also an ideal approach to achieve a participatory design with users as an 
integral role in the product development. Although, roughness should also been seen 
as a useful property, creating ambiguity which leads the possibility to been seen from 
different perspectives by different members of the team, resulting in discussion about 
the models and the idea itself. !!!!!

“A number of different prototypes will usually be created during 
the design process, often for different purposes. It is important 
to emphasize that even prototypes which are crude, and support 
no interactivity at all, are essential.” 
Thomas Erickson, Apple Computer, Inc. !!!!

The belief that a structured innovation process drives prototypes development is 
changing to a mentality that emerging sequences of prototypes drive innovation the 
process(Schrage, 1993). A number of different prototypes will serve for different 
purposes, some of them will support interactivity to get feedback from the team and 
client, and others will serve as polished or good looking models used to communicate 
the design(Erickson, 1995). 
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Prototyping represents a commitment to a new future, which the emphasis is 
essentially on change individual and organizational work behaviours, and cultural 
changes as objectives and benefits of prototyping. (Coughlan, Suri et al., 2007) 
The shift from the abstract to a physical representation, is one the most fundamental 
processes to explore new possibilities. The idea of thinking with our hands, almost like 
kid, and unlock the imagination, that is the essence of the prototyping process (Brown, 
2009). Everything is possible to be prototyped, like a product, a service or a campaign 
promotion. Prototyping is a mindset (Kelley, 2001). !!!!!!

“Prototyping is state of mind” 
David Kelley, IDEO !

!
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METHODS AND TOOLS APPLIED 
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CASE STUDIES RESEARCH 
In order to validate the written approach of prototyping as a process, and all of the 
theoretical and bibliographic contents a research of products and projects which have 
been developed with the constant use of prototypes constantly, was made. 
This way, this research consists on portraying examples of product development 
outside of the books and outside of common literally bases, specifically focused on 
Portuguese based examples, developed by different Portuguese designers, or 
designers based in Portugal. 
The research of case studies intends to congregate information about different 
typologies of products, different types of prototypes, and also different tools of 
development design, like sketches or 3D models. Photographic archives of the 
process, and also brief descriptions of the project from its creators, were also used 
The idea is to represent some of the product development processes of the case 
studies chronologically, making a contextualization between the example and a   
created framework/guideline, as with some of bibliographic content explored before. !!!!
CONVERSATION / INFORMAL INTERVIEWS 
A good conversation is one the best ways to know someone. It is also a good starting 
point to understand personal opinions and get personal experiences. This way, 
instead of making common interviews,informal interviews or simple conversations 
were made, in order to get contents about product development, as also get personal  
information during the research of the case studies. 
The point of establishing simple conversations with the designers and the creators,  
was made to better understand better the decisions and the approaches adopted 
during the product development of the studied examples. Besides, the necessity of 
getting information about products is also intended to get into some personal and 
professional ideologies about the use of prototypes during the design process, and 
about the product design development too. 
This way, by using a fluid and relaxed way of interaction, with simple a casual 
conversations, personally and by mobile phone or email, and some notes on a 
notepaper, the information and the contents about the studied examples, can be 
mixed and related with personal opinions, as well as the professional experiences of  
the interviewed designers. Creating an interaction between product informations and 
the creator’s view about the process of product development. !!!
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FRAMEWORK 
The essence of the creation of a framework consists on achieving a timeline 
orientation or sequential stages for product development in design, assisted by 
prototypes. By creating a possible guideline tool for the design process, It is intended 
to create a set of orientation points to be used in the future development of ideas, 
and also a guideline to compare and contextualize the various case studies selected, 
from a chronological point o f view, and from the typology of prototypes made. 
The framework or guideline created, is based on an reinterpretation of the previous 
methods and ideologies presented, establishing connections between the “Three 
Stages of Prototyping” from IDEO (2007), the vision of “What prototypes prototype” by 
Houde and Hill (1997) from Apple, as well as th idea of prototypes as manifestation 
and filters, presented in the “Anatomy of prototypes”(2008). However, some inputs of 
Karl Ulrich(2012) will be taken, in order to explore product specifications, not only as 
essential characteristics and features than have to response to costumer needs, but 
also as a point of transition between different stages and approaches of being during 
the process of prototyping. 
Essentiality, the creation of a framework aims not only to encompass different stages 
of the process sequentially , but also to represent different areas and concerns that 
integrate the activity of developing product ideas, with the prototyping as a continued 
process. !!!!
COMPARATIVE ANALYSIS 
A comparative evaluation is referent to a contextualization of studied examples, by 
identifying different types of models, and also understanding clearly the timeline of 
evolution during the process. 
The primary purpose is not about a quantitative or qualitative evaluation of models, 
nor the process itself, but instead of that, making brief descriptions about the 
different prototypes, and their contribute for the exploration and the refinement of 
the idea, until the final product. 
This way, after the creation of a framework, the cases studied can be contextualized 
with the guideline of the product development, making chronological threads of 
example into the created framework. Identifying different stages of the development, 
as well as different approaches in the constructions of the various and multiple 
prototypes created by the designers. 
This comparative evaluation not only will help to validate the framework as work tool, 
but it will also help to better understand the presented examples. 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8. DISCUSSION 
PROTOTYPING REVISITED AND A FRAMEWORK 
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8.1 PROTOTYPING REVISITED 
THE ACTIVITY OF PROTOTYPING 

!
 

!!!
Seeing prototyping as an activity evolves different types of intervening, and also 
different types of concepts. Designers or work teams should develop their ideas with 
costumers, and have notion of necessary approaches during all the process. 
This way, to better understand better the activity of making prototypes defended by 
the discipline of Design Thinking, a diagram was made, followed by different concepts, 
to illustrate the gradual evolving of users, and multiple types of interaction between 
the models, with designers and costumers. 
Fundamentally the primary objective of this diagram is not to represent the process 
sequentially. Instead, the idea is to represent different approaches and concepts 
during the activity. 

THE ACTIVITY OF PROTOTYPING 100PROTOTYPING REVISITED

Figure 66  - Prototyping Activity Revisited following Design Thinking



!
 !!!

In the beginning, the designer or the teamwork starts to make a model or models, by 
incorporating concepts and specific characteristics, which are intended to filtered or 
communicated. This way, the creator stars to idealize prototypes with specific aspects 
or critical points, in order to obtain answers to their problematic topics, and also to 
communicate important features of the future product. 
This approach of idealize models, can be seen as the “Conceptualize prototypes” idea 
of Lim and Youn-Kyung (2008). Where the designer uses prototypes as media to 
represent his ideas and reflections, in order to filter and manifest different topics, to 
facilitate the decision making easier. !!
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Figure 67  - Representation of “Conceptualize Prototypes” concept

Figure 68  - Representation of “Participatory Design” concept



The next step consists on the concept of “Participatory Design”, and it is one of the 
most important parts of the process  it is as simple as this: Take users into account 
during the process. Users and costumers are the targets to achieve, and they can 
developed an essential role during the development of the idea. By being part of the 
process, the designer should work with costumers, presenting different solutions and 
models, so that they can achieve and interact with the concepts that designers and 
work teams incorporate in their models. 
 

!!!!
Although, sometimes by using a prototype as a media, some informations or some 
features of the prototype can be not so explicit, being necessary a direct of interaction 
and explanation from the designer to the costumer. In fact, when representing new 
approaches of using or even new types of products, additional information and 
concepts have to be transmitted between the designer and the future user. 
This approach of human-human conversation, during the experiment and test of 
models is similar to the idea of “Human-Human Explanation” by Kurt Schneider (1996). 
By explain concepts and information of the idea, with a prototype as media, and also 
with a simple conversation, to transmit additional or non-representative information 
about the idea. 
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Figure 69  - Representation of “Human-Human Explanation” concept



The essential part is that users can understand and correctly experiment prototypes, 
so that they can give feedback about them. That is the most important part in the 
prototyping process, the availability of the designer to listen and collect inputs from 
users and costumers. 
What really makes the difference in the prototyping process, is the capability to work 
with users and stakeholders, by refining and refining ideas with real models in real 
context. This leads to an approach of development, similar of Marcel Borgers (2014), 
by distorting the traditional vision of prototyping, into a “Collaborative Process” of  
product development.  
This way, a prototyping process is not only the capability of making good prototypes 
or real representations, but also the availability to incorporate users and costumers, 
work and experiment with them to evaluate and refine ideas, during the design 
development.  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Figure 70  - Representation of “Collaborative Process” concept
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PROTOTYPING EXAMPLES  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9.1 QOSMO 
DELTA Q - COFFEE MACHINE 

!
Name: Qosmo 
Year: 2009 
Client: Delta Cafés 
Designed by: Diverge Design 
Interviewed: Designer Daniel Caramelo !!
QOSMO is coffee machine designed for Delta Cafés, by Diverge Design, a Portuguese 
design studio based in Lisbon, where the designer Daniel Caramelo participated, and 
released some information about the product development. 
Inspired in urban concepts of portability and mobility, is one the first portable coffee 
machines, which can be closed down, by packing the electrical cable on the base, 
providing the possibility to be transported, and to drink coffee in different places. 
With a hand grip support on top for transportation, the shape reminds a small travel 
bag, using two different components dividing a compact body. In the back, the 
translucent water deposit, that makes contrasts with the principal cloudy body and 
the black frontal panel, where the coffee comes out. The coffee capsules are 
introduced with superior handspike system, and with a frontal adjustable support, it is 
possible to take a coffee into a small coffee cup, or into a normal glass. 
 

!!
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Figure 71  - Qosmo Coffee Machine, by Delta Q



Process !
The development of the QOSMO coffee machine made by Diverge Design, was 
described by Daniel Caramelo, and it was a process where prototypes played an 
essential role, since the beginning, until the final solution. 
The first models, pretend to explore internal solutions and components interaction. A 
paper and cardboard model (Figure 72) was produced to initially understand the 
product architecture, by experiencing  the disposal and interaction of the interior 
mechanical components,  and how different parts may interact between them, as well 
mechanisms needed to take used capsules into a depository. 
The construction of these initial rough models, allow the possibility of studying 
interior volumes and proportions, generating specifications and requirements 
according to the different internal parts. This necessity to understand internal 
mechanisms, and also to know the necessary space to install components, will 
influence external dimensions and propositions, and can also be essential to define 
where elements of interaction will be placed, such as the capsule entrance, the coffee 
pipe, or the water reservoir. !!!!
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Figure 72  - Qosmo rough prototype made with paper and 
cardboard to explore internal product architecture 

Figure 73  - Qosmo paper  and cardboard prototype to 
explore internal architecture and components



 
Following Caramelo, in the following stage, the interaction with physical models and 
sketches, was essential to make studies about the shape and the form of the product. 
Some paper models (Figures 74 and 75) not only helps to explore and try different 
forms for the body and for the water depository, but also the conjugation between 
the different parts. On the other hand, representative sketches schematize the 
interaction between parts of the body and water tank, and the incorporation of the 
hand hold support, which gives the portability wanted for the product, making a visual 
and functional reference of a travel bag, into the external form. 
Although, previous models, which explore internal dimension and components, have 
a direct influence in these next stage of prototyping, by defining the size and the space 
needed, and also by creating specific requirements and features, that the external 
body may have to respond. At this stage of the process, some of the specifications 
and product attributes have already been defined, the focus is to represent and 
materialized them. !!!!
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Figure 75 - Qosmo sketches to explore interaction 
between different components

Figure 74  - Qosmo paper model to explore 
external form and shape



!!
 !
At the final stages of the process, prototypes get more refined. In this case, theres is 
the use of final plastic material, making functional tests possible, with the water 
depository, the coffee pipe, verifying the portability concept, and also revisiting final 
dimensions and constructive solutions. However, these final models have an 
important role in the refinement of final aesthetic attachments, like textures and 
brand application. 
The QOSMO Delta cafés is a perfect example of a complex and complete design 
object, which was developed with clearly important prototyping activity, by 
sequentially developing models to represent different aspects, and also to combine 
prototypes with different work tools.  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Figure 76  - Qosmo final prototypes
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9.2 LH2O 
AN EXPERIMENT BY PEDRITA WITH LUSO WATER 

!
Name: LH2O 
Year: 2009 
Client: Água do Luso 
Designed by: Pedrita 
Interviewed: Designer Pedro Ferreira !!
LH2O is a water bottle that results from an experience between Pedrita studio and 
Água do Luso.  
The Portuguese studio developed a product in order to explore new ways to storage, 
transport and exhibit of water, showing simultaneously water qualities and properties 
in a different form.  
The LH20 bottle consists on reinterpretation of the water shape itself, resulting on a 
space fulfilling of package, which aims to find a new form for the liquid, and also to 
optimize storage, transport, presentation and consumption itself. This way, the shape 
of the product makes it possible to group a number of bottles together, in different 
configurations, by occupying empty spaces between them, maximizing storage, while 
presenting new ways to incase water bottles, and pack water in a different shape.  
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Figure 77  - LH2O water bottle by Água do Luso



Process !
In the beginning of the process, the design studio based in Lisbon, starts by doing a 
geometric exercise,  with shape exploration using paper and cardboard models (Figure 
79). This way, by using preliminary studies about the form of the bottle, the idea to 
achieve inputs about the storage and the interaction between bottles, so that they can  
be grouped to transport or exhibit. 
At this stage, the most relevant point is to experience different type of shapes for the 
body, making some functional aspects and parts, out from the initially experiences. 
For example, int this phase,  the cap is not an important part to incorporate in the 
tests, since it is something already stipulated, that will be refined later. 
After achieving a shape, closely to the final one, with the creation of a paper model 
(Figure 80), that optimizes storage as also presents a different a possibility to pack 
water, the team developed a solid foam model (Figure 79) to represents the body with 
a cap, testing aesthetic aspects and also the result of the conjugation between the 
shape of the body and the bottle cap. 
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Figure 79  - LH20 first experiment prototypes and 
inspiration models

Figure 80  - LH2O paper cardboard model to explore 
different forms and configurations

Figure 78  - LH2O prototyping process evolution



	  !!
In the next stages, when requirements and specifications were defined, a model to 
test these requirements and validate them was produced. This way, by creating 
prototypes with similar materials, with plastic film and cut water bottle caps, it was 
possible to test plastic as the material to apply in the body shape, and also the use of 
standard bottle caps. 
 

!
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Figure 81  - LH2O prototypes using plastic film and standard bottle cap

Figure 82 - LH2O prototype with plastic film, to explore different forms and configurations



 !!!!!
 !!!!
Even without taking water inside, the prototypes were essential to validate the 
construction solution, as an important tool to get dimensions and volume for the final 
shape. Making it possible to test requirements about storage and various standing 
positions to expose the Luso’s water from Luso. Besides this, once this bottle presents 
a different shape of packaging water, the use of the plastic film also helps to represent 
the plastic body form itself, turning possible to observe transparencies and shapes 
from the material, as well the created effect  with multiple bottles grouped. 
In the end, the result is a final product produced with a standard pre-molded PET 
tube, using a normal plastic cap, making a completely functional bottle of water, by 
optimizing storage and exposition of water, making it possible to make different 
combinations with groups of bottles , and also giving form to water itself. 
 

!
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Figure 84 - LH2O final models, with different configurations

Figure 83 - LH2O production mold to a plastic blowing process 



!
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 !!!
!
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9.3 KIDDO 
Kid Guard system 

!
Name: Kiddo 
Year: 2006 
Client: Kid Guard System 
Designed by: Simpli Design 
Interviewed: Designer Jeremy Hugh Aston !!
KIDDO is a product integrated on Kid Guard system, which that alerts parents or 
guardian when the child is too far away. The product consists of two electrical devices, 
where one of the devices works as a transmitter attached to the child, and the other,  
acts as the receiver, which would be carried by the parents. This way, the two parts 
works together to informs the adult that the child is straying far away or hidden from 
the view. 
The kid Guard system was designed to use in open spaces, like shopping malls, 
gardens, guided tours, playgrounds or even at the beach, where the parents can 
provide safe and controlled freedom for their children to play, participate and assist 
activities. Although, it is important to understand that Kiddo divide does not provide 
protection to the child, but establishes a connection between the two components, 
that will alert parents that the children had exceeded certain boundaries of vigilance   
Jeremy Aston from Simpli Design studio, based in Oporto, is the responsible for the 
Kid Guard project. Although, Simpli Design collaborators Ricardo Silva, Gracinda Leite 
and Neusa Silva, as also participated. However, other identities were involved in the 
development of the is system, like PME Portugal, EliDev and GEO-Rmo. 
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Figure 85 - Kiddo, the Kid Guard system



Process !
Following Jeremy, the creative stage of the design process was based majorly on 
sketches, allowing to take inspiration from various sources and quickly communicate 
and represent ideas manually into a paper. From the hundreds sketches made, some 
ideas were identified and developed into more defined concepts. 
This way, the concept of Kiddo resides on different inspirations, such a representation 
of a buoy, as a smooth organic shape of floating devices, a Turtle, as a creature to 
achieve personality onto the object. Beside this, the inclusion of faces and facial 
expressions, helps to get communicational elements to achieve a better interaction 
with the kids, and also a better concept of safety with the parents. 
After the development of more detailed sketches, some of the concepts were 
transformed into 3d models, which was a technique that Jeremy used since the 
beginning until the end of the creative design process. Following Jeremy personal and 
professional experience, digital solutions and 3D modelling are important techniques 
to easily execute representations of ideas, and also cheaper solutions. In initial stages, 
the preference requires essentially sketches, 3d models and some mock-ups. 
As an experienced designer, Jeremy understands the importance of experimenting 
with different techniques, including prototypes and physical models, to achieve better 
results in product development process, as also a way to achieve more professional 
and personal baggage in the design process. However, in his opinion, more baggage 
or experienced professionals, can mean in some cases less experiments.  
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Figure 86 - Initial sketches of different concepts for Kiddo



This way, since the stage of experimentation and generation of different concept, in 
the stage of concept testing, until the final result, where Jeremy was using several 3D 
design softwares, including Alias Wavefront, AutoCAD, 3D Studio Max, as well as 
vector representation softwares. This combination of softwares allowed to quickly 
experiment shapes and forms, quick renders that make technical and photorealistic 
representation possible to communicate the idea, and also compatible models with 
mechanical and engineering platforms. Making it possible to communicate the 
concepts to the developers and inventors to obtain feedback and orientations. 
On a next stage of process, a working prototype was made in order to test aspects 
and features of the Kiddo design including components, fixing, electrical hardware 
and software, and also a physical model of the idea, which allowed testing with users 
and in the real world.  
All the surface and volume development was made by Jeremy and Alberto Araujo 
from EliDev, who produced a 3D IGS file which was imported into professional 
engineering software were the internal mechanical treatment was fully specified to 
accommodate the electronic components, also preparing the model to be used by 
rapid prototyping technologies and equipments. 
These first functional prototype was made in INEGI in Porto, who received a STL 
format, to produce a model using Stereo Lithography technology. After this, the 
installation of the electronic component was made at EliDev, and the final details of 
the model were treated by Jeremy in his office, where the surface smooth was made, 
components were painted and graphical elements were added. !
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Figure 87 - Kiddo 3d representation Figure 88 - Kiddo functional prototypes



 !
After the testing phase and reports to achieve the final product it was concluded that 
some alterations on the concept were needed. This way, the user interface was 
simplified, by removing the “smile” button, the initial setup between the two elements 
would be electronic, without contact, only with proximity.  
Another concern for the final product was the cords for both receiver and transmitter 
can exceed 20 cm, which is the parameter of the European safety laws. Besides this, it 
the kiddo logo was used, the  graphical element of face designs were only present to 
develop mouths with expression, using the two pin-holes as the eyes of the units 
design. However, some  more technical specifications was changed, like the 
incorporation a LED to give visual feedback of Kiddo battery status, which was reduce, 
and also to turn the receiver (child component) splash proof but not submergible 
under water.  
The kid Guard system is good example of a product development design, using 
prototypes, even without an experiment stage using prototypes and physical models 
to generate ideas.  
For Jeremy Aston, experimental prototypes driving specifications, is actually an 
important model to produce and achieve innovative products and ideas. Although 
with the baggage and professional experience acquired during the years, for him 
prototyping can be seen as choosing the tight meanings and mechanism to do the job, 
build model with purpose.  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Figure 89 - Details and views of Kiddo’s prototype

Figure 90 - Kiddo final product; Interaction with users
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9.4 DESAIR 
Design Of Environment Friendly Structures For Aircraft 

!
Name: DesAir 
Year: 2015 
Client: DesAir Consortium 
Designed by: Almadesign 
Interviewed: Designer José Rui Marcelino; Designer Gonçalo Justino !!
DesAir(2015) is a project developed to achieve a new high performance composite 
solutions for aircraft interiors, integrating natural materials and specific 
manufacturing processes. This aircraft solution can have a wide range of applications, 
such as galleys, monuments, floors and side panels. 
The project development included various companies and institutes, like Amorim Cork 
Composites, INEGI, University of Beira Interior, and Alma Design. All of the 
information received was shared from the DesAir Consortium.  
The concept of DesAir resides on the innovative integration of side panels and 
monuments in a extremely functional and premium product. By having various 
compartments, is possible to integrate different devices, such as a microwave, coffee 
maker, a freezer, a tablet, and also storage spaces for consumables products. 
Concerns about environmental impact of the aircraft’s thermoset-based composites, 
leads into a research to find new alternative recyclable materials and more efficient 
manufacturing technologies. By using cork composites panels CORECORK®, it was 
possible to achieve an all-in-one sustainable solution, providing good thermal, 
acoustical and vibrational capabilities, without compromising mechanical properties. !
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Figure 91 - DesAir - Design Of Environment Friendly Structures For Aircraft



 !
Initially, in order to find an optimized solution for the core’s cellular geometric 
configuration, for good mechanical, thermal, vibrational performances, as well as 
geometric proportions, several experimental tests were made with physical models 
and numerical simulations. 
In these experimental stage, the concerns does not resides on achieving an optimized 
solution of a aircraft storage furniture, but also the development of a cork composite 
panel of a 100% recycled core material, leads into different points of experimentation, 
of ergonomic studies and composite material evaluation. 
The ergonomic studies consisted in the development of cheap and rough cardboard 
models, to test the construction and the proportions of side panels and monuments, 
as well ass tests to user interaction and integration of different functional 
compartments. Which allows the incorporation of different electronic devices, such as 
a microwave, a tablet, and other consumable products. 
In the development of the CORECORK® composites, which consists on core cork 
based panels with thermoplastic films, the team used physical models with different 
interior perforated core solutions , and also digital and numerical simulations, to test 
mechanical proprieties, such as bending trials.  
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Figure 92 - Ergonomic studies with cardboard models 

Figure 93 - Tests of cork composites examples with different interior perforated core solutions.



 !
The combination of these materials and tests, results on a sustainable structure of 
natural core based composite, with good thermal and acoustic insulation, vibrational 
suppression, providing considerable weight saving, efficient manufacturing 
technologies and a low consumption of energy,  also allowing the disassembly of the 
product when it reaches its end-of-life. 
At a final stage, when specifications and technical concerns are more defined, digital 
models and representations of the DesAir structure were produced, in order to 
simulate the final appearance of the product.   
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Figure 94 - DesAir digital representation of the final product

Figure 95 - Construction of the DesAir real-scale prototype



 !
After that, a real scale model was built, using final materials and finishes, in order to 
validate the final concept from a functional and aesthetic point, and also with all of the 
detailed and specific proprieties. However, the validation of the product as a 
sustainable structure and storage furniture, the construction of a refined and detailed 
prototype will be also an extremely important communication tool, for inventors and 
interested companies. 
The result is a high quality product with elegant lines, refined materials and finishes, 
such as textile, leather and stone, making the DesAir a recyclable structural and 
functional solution. !!
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Figure 95 - DesAir real-scale prototype with final materials



DESAIR 134CASE STUDIES



!

DESAIR 135CASE STUDIES



 

 136



10. CONCLUSIONS 
PROTOTYPING AS A NECESSITY OF MAKING REAL 

!!
Prototyping consists on a process of creating models to explore and refine ideas. It is 
creation of physical  and tangible experiments in the real world, in real contexts of the 
use, by real customers and clients. 
It is clear prototyping is not a merely stage of the product development process, or 
neither a specific type of technologies and techniques. Technologies should be seen 
as vehicles to reproduce ideas, not a purpose of prototyping. In fact, the activity of 
produce prototypes can be compared to a craft approach, assuming  prototyping as 
essential as the motion and the mindset that uses physical representations and 
models to during the product design development. 
With the easy access, and a massive use of digital modeling softwares, nowadays, the 
creation of physical models can become a forgotten activity. Although, it is important 
to understand that prototypes are real representations of sketches and 3d models, 
making them an essential part of the process, with an important role of making ideas 
tangible, to evaluate and test them with future users and costumers. 
The essential role of a prototyping process is not about re-design products and simple 
product upgrades. In fact, the focus of the prototyping activity as a process, should be 
the creation of models to explore and experience ideas forward, to achieve new 
concepts of innovative products. 
Prototypes must be seen as materialized ideas and concepts, to answer the necessity 
of get ideas tangible and real represented, to experiment new products and services 
in the real world, not in the hypothetical space. That is what makes prototyping an in-
temporal activity and an essential part of the development process. The necessity of 
constantly making reality is called prototyping. 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11. FUTURE WORKS 
BIBLIOGRAPHIC REFERENCES; DISCIPLINE; PUBLICATIONS 
!
!
In the beginning of the research for this thesis, the idea was to create a technological 
equipment for prototyping. Although, after a researching about the essence of what is 
prototyping as an activity, and how prototypes can play an important role in the 
process, the conclusion was that prototyping is not about a specific technologies or 
equipments, but rather a process to work and experiment during the product 
development.  
Even if prototyping is majorly a motion and state of mind that follows the product 
design development, in the future is important to explore new concepts and new 
researches about the importance of prototyping.  !!!!!
Bibliographic References and Frameworks 
Future investigations and researches about prototype making, will lead into new 
publications and a bibliographic references, which will play an essential role in 
understanding and communicating prototyping as a process, and new ways of 
creating physical and tangible models, to experience and test ideas in real contexts. 
Making clear the important role of prototyping, as the activity of making real 
representations, not only in the academies, to students and professors, to exercise 
and  practice a prototyping process during the academic years of formation, but also 
with professionals and companies of product development. 
The exploration and investigation in new methods and framework representations 
about the prototyping activity as a process, will lead into a deep knowledge about the 
area, creating better representation of the process, and how it will influence product 
development, as a better descriptions of the essence of  prototyping and a motion a 
state of mind. This not only will make clear the meaning and the importance of 
creating tangible models, but will also generate new future approaches and guidelines 
that will be used during the design development, in future products. !!
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!
Academic Exercises and Disciplines 
The implementation of experience activities and exercises on design academies and 
universities, can be a great starting point to incorporate prototyping and physical 
experiments in students formation. This way, apart from the industrial and product 
design disciplines, experience and prototyping disciplines can also be part of the 
formation of future designers. 
Instead of focusing majorly on concept development and description, the approach 
can be taken into a real representation exercises and physical modelling, not only to 
explore cheap and accessible materials to apply in prototyping process, but also 
different ways to get users inputs and understand costumers needs in a 
unconventional way. This will make future designers think beyond concept and 
ideological concerns, developing work methods and mindsets focused on 
representing ideas physically and how important is making prototypes and real 
models to test, during the product design development. 
By creating a discipline that allow students to do experiments, giving them notions , 
techniques and equipments to represent ideas, it will create a prototyping motion 
concerned about experiment with different type of materials, process and innovative 
concepts. This way, instead of concerns about markets and management 
preoccupation and boundaries, the idea is to use prototyping as a discipline to work in 
parallel with design development disciplines, and can be a complementary input, that 
will make students concern about how to prototype concepts, as also developing a 
work methods based on the creation of physical and tangible representations of 
ideas.  !
Examples research and Publications 
Research and publication of successful and innovative examples of prototyping 
process, can be an inspirational and informative source for designers and students. 
This way, as similar as the work presented on this thesis, a research about product 
development processes and innovative prototyping approaches can result into a 
database about products and experiences made by different designers and teams. 
It is possible to find examples of books and article publications about prototyping 
processes worldwide. However, there is a lack of information in this field in Portugal, 
which can make interesting a future intensive research of examples in product design 
development that use prototyping activity as a continuous process, that leads into a 
constant physically representation of ideas, as also as a process that leads into 
innovative products, which can be published and documented in a book. 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