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Abstract: Post-industrial design challenges the current way of design and
production of consumer products. Leveraging from 3D printing and the
potential of layperson involvement in the design process, we investigated
how the relation between the professional designer and layperson might
change in a democratized design process, where the layperson is an active
participant, mediated by toolkit software.
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In this research through design study we examined this relation by
prototyping a toolkit for audio equipment based upon three personas and
scenarios that we developed. Consequently three audio products have
been made and fabricated using 3D printing.

In the second part of this study we staged a series of discussions with
design practitioners around the material that we developed. In these
interviews they discussed the role of the layperson and the professional
designer, accountability of both, the ways in which this toolkit creates
accessibility and adaptability and the aesthetics of the product prototypes.
The outcome of this study is, besides the objects and the web- based
toolkit and a detailed description and discussion of the changing role of
the designer and layperson, an insight that revealed the value of a research
through design approach. Namely, in this study the material helped the
design practitioners to become self-reflective.
Keywords: Democratization; Post-industrial design; Toolkits; 3D printing;
Lay participation.
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Introduction
In the digital world, the advent of the computer and the web has enabled
the proliferation of user-generated content covering a wide range of
media. It is now easier than ever to take and edit photos and videos, make
animations and write and publish articles on blogs and websites. The
physical world however remains fairly static. 3D Printing bridges the gap
between the digital and physical world by enabling to have digital designs
fabricated as one-offs. This raises the question what would happen if the
physical world becomes as malleable as the digital world has become?
What are the implications for designers and how will laypeople be engaged
in the design of everyday products?
If designers shift their attention from designing products to designing
toolkits that allow laypeople to design products with, the questions rises
how laypeople can be involved in the design process and what this means
for the role of the professional designer. In this research through design
project we examined the changing relation between the professional
designer and the layperson when they are engaged in a democratized
design process where the layperson is an active participant, mediated by
toolkit software, in designing everyday consumer electronics. The aim is
to gain insights and a better understanding of the role of the designer and
layperson in a future context of a post- industrial society.
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This study uses a research through design approach to envision a possible
future. This future is materialized by a toolkit, which is based on three
future scenarios and three possible outcomes of this toolkit have been
fabricated using 3D printing. The toolkit focuses on audio equipment since
the area of complex consumer electronics has not yet been explored in
this manner. Hereafter, a series of discussions have been conducted with
design practitioners to reflect upon the material that was developed.
Two findings are presented that resulted from this study. The first
finding is a methodological one, which is a justification for using research
through design, since this approach elicited self-reflection of the design
practitioners. The second finding concerns the changing role of the
layperson and professional designer. The study presented in this paper is
relevant to both design practice as well as design research since it deals
with an exploration of the future role of professional designers. It questions
some foundational aspects of design as we know it today and it also
questions if the tools, skills and knowledge that designers possess will be
sufficient for the task of designing open-ended toolkits.
This paper is structured as following, first I will present the context in which
this research should be seen and the developments that form a basis for
this work. The first part Materializing Futures is concerned with designing
and developing material that forms the basis for the discussions in the
second part. I will present the research through design approach, the

process of developing the material and a brief description and visualization
of the material that was developed. The second part of this paper, Staging
Discussions, focuses on describing the discussions around the developed
material, which is a series of interviews with design practitioners, and a
brief account of two findings of this study.

Background

There are several developments that enable this post-industrial paradigm.
3D printing enables the production of one-off items in an efficient
and automated way, which is not possible with traditional industrial
manufacturing technologies such as injection molding. Another
development is computational design, which allows digital design to be
adaptable to user input, external data or other sources. It enables designers
to develop products that are not completely finished and it allows easy
manipulation by, for instance, laypeople.

The term lay design is used in this paper to refer to the paradigm in
which professional designers and laypeople collaboratively design
everyday products. Throughout this paper, I will use the term designer
when referring to the professional designer, the one who is trained and
experienced in developing products. And I will user the term layperson or
laypeople when referring to the consumer, the person who is typically only
concerned with purchasing and using products.

Materializing Futures
Research through Design
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This investigation is done in the context of a post-industrial society
(Bell, 1976; Hunt, 2005) in which, contrary to today’s industrial society,
products can be produced locally, on-demand and digital fabrication
makes it possible to produce one-off rather than large volumes. The
consumer changes its role from a passive buyer of products to a prosumer
(Humphreys & Grayson, 2008; Ritzer, Dean, & Jurgenson, 2012) who is
involved in both the production as well as the consumption of goods.

The focus on toolkits is not new in design; designers, especially in the
digital world, have been developing toolkits for experts as well as laypeople
(Hermans, 2014, p.18-20).

This study consists of materializing future scenarios and it can therefore
be labeled as a research through design project (Frayling, 1993; Koskinen,
Zimmerman, Binder, Redström, & Wensveen, 2011; Stappers, 2007;
Zimmerman, Forlizzi, & Evenson, 2007). Research through design or
constructive research aims to generate knowledge by designing artifacts,
in this case a software interface and audio equipment products. Rather
than examining existing toolkits and objects, this study imagines a future
and therefore develops a new toolkit that explores what-could-be based
on several concepts developed in my previous research studies (Hermans,
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2014). The toolkit and the objects form the basis for discussions with
design practitioners that evaluate and reflect on this material.

Process of Making
The materials were developed in a typical design process fashion. Three
personas and scenarios were developed that described three different
laypeople using the toolkit for designing audio equipment. The criteria for
differentiation between these personas were skill level, experience and
amount of effort and time that one would want to spend on designing
something.
With these three scenarios in place, the toolkit and the outcomes of each
scenario were developed side by side. The audio products were developed
by sketching, paper prototyping and finally the designs were modeled in
3D CAD software and fabricated using 3D printing. The electronics were
also prototyped at the same time and in the end integrated into the 3D
printed models.
The material has been tested in a pilot study, which aimed to evaluate if
the material was developed enough to elicit useful responses as well as to
test the questions and schemas. After conducting three pilot interviews,
the toolkit was refined in a minor way.
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The Material
In the following section I will describe the material that is developed in this
study consisting of personas and scenarios, a toolkit prototype and product
prototypes.

Personas and Scenarios
The personas and scenarios (Figure 1) describe three different laypeople
that all have an interest and motivation to use a toolkit to design an audio
device. The main difference between the three personas is intention, skill
level and experience and therefore they will use the toolkit in different
ways and end up with different designs. In each scenario, the personas go
through a situation in which his/her context is described as well as their
needs and desires regarding the future product.

Toolkit
The toolkit enables the user to design audio equipment in terms of
appearance and functionality by giving access to the form, materials, color
as well as internal electronic components of the design. The toolkit that
was developed for this study is a visual prototype (Figure 2, 4 and 5) and
the three scenarios were scripted. These three scripts allowed for showing
the personas’ process of using the toolkit without fully developing the
toolkit, which would go beyond the scope of this research study.
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Figure 1. Persona ‘John’
and scenario 1.
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Figure 2. Screenshot of the toolkit, scene from scenario 1 when persona
uses a reference object to see the size of his design.
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Figure 4. Welcome page with explanation of the study.

Figure 3. Screenshot of developing the toolkit in HTML5 editor.

Figure 5. screenshot of the toolkit, scene in scenario 2 when persona is designing the
different parts of the system. on the left hand is the library of electronic components,
on the right the Tools menu.

Figure 6. Wireframe sketch
of design 1’s rib structure
and speaker pattern.

Product Prototypes
Each prototype is the result of the personas own intention and interest
(Figure 16, 17 and 18). The prototypes focus each on a different aspect;
design 1 focuses on form, design 2 focuses on including the persona’s
context and design 3 is concerned with an adaptable functionality.
The three product prototypes have been modeled in Rhino 3D and
Grasshopper. Each prototype has been 3D printed in nylon using selective
laser sintering and parts of design 2 have been printed in ceramics using
fused deposition modeling. Several prints have been post-processed using
a fabric coloring powder to give them their respective colors.

Prototype 1 Grain: A Small Portable Speaker
The intention with this product was to focus on the form and to give the
device a shape that is unique by using computational design (Figure 6, 7
and 8). Computational design was used to accommodate the skill level of
this user. The user merely configures the algorithm in a basic way, but is
still able to make something unique.
Voronoi tessellation is used which is a mathematical way of dividing a space
into a number of regions. By using Voronoi tessellation every consumer
could have a uniquely shaped device. The asymmetrical shape allows the
user to position the object in different ways, there is no clear front, back,
up and downside of the product.
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The five main characteristics that were developed in the author’s previous
research of the toolkit are: the toolkit is domain-specific which means that
it focuses on consumer audio equipment; the toolkit targets 3D printing as
a fabrication method; the toolkit has multiple entry points and addresses
multiple skill levels of the user; it has a non-linear navigation and finally
the toolkit enables the user to bring in his/her context. The toolkit has
been developed in Adobe Edge Animate, a visual HTML5 editor aimed
at developing interactive web content. This editor allowed for a realistic
looking toolkit that is interactive, but without completely developing the
functionality.

The same tessellation is also applied in the two-dimensional pattern on
the speaker surface and inside as a rib structure to give the geometry the
necessary strength. The use of Voronoi tessellation in different parts of the
design is inspired by one of the properties of wholeness, i.e. Levels, which
states that a design should have different scales (Alexander, 2004).
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Figure 7. inside of 3D printed prototype of design 1 with the Voronoi speaker
pattern visible and the internal Voronoi rib structure

Figure 8. Prototype of the electronics in 3D printed housing.
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Figure 9. Wireframe sketch of design 2 with speakers (left and right) and amplifier (middle).

Prototype 2 Roots: A Context-Specific Hi-Fi System
The intention with this design was to bring in the context of the user in
two different ways (Figure 9, 10 and 11). First of all, to bring in the physical
environment, in this case the bookshelf in which the device is positioned.
The device grows using an algorithm in the persona’s bookshelf so that it
literally fits. Secondly, the goal was to bring in the persona’s context in
terms of her existing audio equipment that should be able to connect to

this new device, so that the new product becomes an integrated part in
her current collection of audio equipment. This design was inspired on
the inclusion of context in the form-function relation. Kalay states that
“Form, Function and Context combine to determine the behavior of the
proposed solution” (Kalay, 1999, pp.400).
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Figure 10. Prototype of the electronics of design 2 fabric coloring powder.
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Figure 11. Root structure part of the speaker after coloring it with fabric
coloring powder.

Prototype 3 Cells: A Modular Audio System
This modular design is adaptable in use time by combining different
modules to form a functioning whole (Figure 12-15). The user can combine
modules to form a device with a specific functionality, for instance an
amplifier with speakers and a Bluetooth module; or an amplifier with
speakers and a mixing module, which allows one to mix two audio sources.
The user can also create new modules allowing the design to evolve over
time according to newly acquired desires or a changed use environment.
This design was inspired by the notions of design time and use time which
says that “design problems in the real world require open systems that
users can modify and evolve” (Fischer & Scharff, 2000, pp.398).

Figure 13. Paper models developed to test out the geometry and
possible ways to form designs.
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Figure 12. Wireframe sketch of different modules.
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Figure 15. Amplifier module with electronics.

Figure 14. 3D printed housing of speaker module
with magnetic connection.
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Figure 16. Design 1 Grain in kitchen context.

Figure 17. Assembly of design 3 Cells.
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Figure 18. Design 2 Roots in bookshelf.
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Staging Discussions
Staging
The material developed has been used to base a series of discussions
around. The topics of discussion were the role of the layperson, the role
of the professional designer, accountability of layperson and designer,
the ways in which this toolkit creates accessibility and adaptability and
the aesthetics of the products prototypes. The topics of discussion were
derived from previous studies conducted by the author of this paper.
The discussions were held with design practitioners active in the field of
product and interaction design at various companies, from in-house design
departments to design consultancies and freelance designers. In total ten
designers participated in a 2 to 3 hour conversation each.
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The procedure for each discussion was as follows: the participant was
introduced to the subject of this study, the toolkit website was presented
and each participant clicked through the scenarios themselves and a video
was shown in the end together with the product prototypes. After each
scenario a set of questions was asked and the participant was able to go
back to the toolkit scenario if needed. After discussing all three scenarios,
the participants were asked to map the toolkit in a diagram together with
existing toolkits and there was room for the participant to comment on the
material. A crucial aspect of this procedure was that the participant, even
though the scenarios were scripted, had to go through them on their own.

That means, they determined the pace and possible detours or iterations
and they could ask for clarification along the way if things were not clear,
which happened repeatedly.
The character of these discussions was informal and there was plenty of
room for questions from the participants. The designers that agreed to
be interviewed were all enthusiastic about the topic while not every one
of them was an expert in this area, but the idea was that this group is an
average representation of junior to mid-career design practitioners.
Apart from verbally expressing their ideas, the participants were also asked
to draw their ideas in diagrams, which were presented to them. These socalled schemas visualized in a more abstract way the topic of the question
and this allowed for a more structured reflection. The interviews were
recorded and later annotated and qualitatively analyzed.

Findings
In this section two findings are presented that resulted from this study. The
first finding has a methodological character and concerns the justification
for a research through design approach. The second finding concerns the
changing role of the layperson and professional designer who are engaged
in a collaborative design process. In this paper, the focus was to present
and describe the materializing aspect of this study and therefore not all the
findings are presented and discussed since this would not fit the purpose of
this particular paper.

Finding 1: Research through Design Elicits Self-Reflection
The first finding concerns the approach that I have taken for this study. In
the beginning of each interview the design practitioners were confident
and seem to know the area of lay design, they exercised an expert view on
the matter discussed. As the interviews developed they started to rethink
and question their believes and the things they took for granted, i.e. their
own role in the design process, the role of the layperson and the role of
tools they use in the design process such as 3D modeling software.

This study, which materialized a future, proved to be a good way to make
the experts, the design practitioners in this case, become self-reflective
and truly make them rethink what they take for granted and what seems
obvious to them. The reason for the experts to become self-reflective
during the discussions is due to the immersion in the material that
was presented to them. The toolkit, scenarios, personas and product
prototypes painted a concrete and detailed picture of a possible future and
this made it easy for the interviewees to become involved in this world. I
would argue that if I had asked the design practitioners these questions

Finding 2: An Account of the New Roles of
Layperson and Designer
The second finding concerns on one hand the role of the layperson who
is the user of the toolkit and designs a product for him/herself and on the
other hand the role of the professional designer who is the designer of the
toolkit and therefore to some extent also the designer of the products that
are created by the laypeople.

Layperson: Characteristics of Being a Designer
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The interviewees expressed multiple times that they found it difficult to
articulate or comment on the questions and schemas. This indicates that
the boundary between consumer and designer in these scenarios is much
more blurry and difficult to articulate than might be thought of.

without materializing this future, I would not have received the same
responses since they probably had been stuck with their current view of
things. The material encouraged them, in a way, to challenge their current
beliefs.

The layperson is acting as some sort of a designer in each of the three
scenarios. The interviewees articulated several characteristics that became
apparent to them when they followed the personas throughout the process
and which they see as important to being a designer. I will present each
characteristic that the interviewees identified briefly.
The first characteristic unexpected-expected relates to an important
characteristic of designer-client interaction where a client asks for one
thing and the designer delivers something else which answers the client’s
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request in a way that the client could not have foreseen. According to
participants, the toolkit facilitated this and especially in the scenarios
where the participant was less experienced and knowledgeable this played
a more important role. The second characteristic is the amount of iteration
within the design process, which increased throughout the three scenarios
and the participants see this is a key behavior of a designer, to try out, go
back and forth and in this way define and refine an idea. The third aspect
is intention and this shifts throughout the three scenarios from the toolkit,
and thus indirectly the professional designer, towards the lay designer.
The fourth characteristic concerns for whom the layperson is designing.
There is a difference between a creator and designer and in the first two
scenarios the personas designed something for themselves whereas in the
third scenario the persona shared a part of his design with the community.
In the third scenario the lay designer is no longer designing for his own
benefit, but for a community therefore he was rated as more of a designer.
Evaluation is the fifth identified characteristic and a consequence of
prosumption is that the layperson designs for him/herself mostly and thus
also evaluates the design by him/herself. The sixth characteristic concerns
design as an integrative discipline. The layperson designs together with
the professional designer in a way, he/she does not design the product
alone, and this is similar to a professional designer who also works in a team
of professionals. Finally, the participants noticed that as a professional
designer, but also as a lay designer one is inherently constrained. This
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suggests that the idea of a consumer who is having complete freedom is
not possible and realistic. There is always a third party, a constraint or limit,
such as a material supplier, something beyond the control of the user.

Role of Professional Designer
The role of the professional designer changes from designing finished
artifacts to designing open-ended toolkits. The task of the designer shifts
from anticipating what consumers want and how they might use a product
in a certain context, to anticipating what they want to design and how they
could design it. Designers should anticipate what a layperson wants to
design means that designers should anticipate the possibilities for design,
or in other words they will set the boundaries of the design space.
What we have seen from the discussions with design practitioners is that
the role of the designer is not marginalized, but rather the opposite in
the sense that designers will have a more complex and challenging task
when they will design the tools for people to design products with. One
participant said that the influence of designers might only increase, which
sounds counterintuitive, but his reasoning was that it might be possible
for designers to better understand what people want since they can have
a peek into the design process of the layperson and the real needs and
desires of the individual layperson.

Conclusion
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