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Abstract
This dissertation in industrial design focuses on the gap between the 
context of design and the context of use. It aims to open up design to the 
layperson and investigate an active role for the layperson in the design 
of everyday products. Over the last century, the industrial paradigm has 
institutionalised and professionalised many practices, including product 
design. A binary spectrum of production and consumption has been 
established with distinct roles for the professional designer, who engages 
in production, and the consumer, who engages in consumption. However, 
this clear distinction has been blurred recently and the consumer, or 
layperson, is no longer involved only in consumption, but also in produc-
tion. In this research I have explored and examined the participation of 
the layperson, or the non-professional, in design, which I refer to as lay 
design. It constitutes a shift for the professional designer from knowing 
what a future user would like to have towards knowing what a layperson 
would like to design, which is for most designers an unfamiliar way of 
thinking. I specifically investigated how the layperson can be involved in 
design through the use of so-called digital-physical toolkits, software appli-
cations where one designs in a digital environment and which outputs a 
physical product.

Lay design is enabled by two developments: On the one hand, the creation 
of variable designs is enabled by computational design, and on the other 
hand, the fabrication of variable products is enabled by 3D printing. The 
two main questions that I focused on are: How will the roles of the profes-
sional designer and the layperson change when the latter engages in the 
design of personal products and how can designers develop digital-phys-
ical toolkits for the layperson to collaboratively create value and meaning?

The theory that I drew on consists of existing approaches which involve 
the layperson in design, such as mass customisation, meta-design, and 
co-design, and I used the theory of technological mediation to analyse 
and discuss the mediating role of toolkits in lay design. I investigated 
the research questions through a series of studies, both analytical and 
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experimental. For the experiments I took a constructive design research 
approach, which means that I engaged in the making of toolkit and 
product prototypes in order to obtain insights and an understanding of 
the subject.

The main contribution of this research is a framework of lay design that 
consists of a set of principles and guidelines that enables the professional 
designer to develop digital-physical toolkits that empower the layperson 
to engage in the design of everyday products. Through the participation 
of the layperson in the design process, lay design constitutes value created 
by both the professional and lay designer, thereby eliminating the separa-
tion of production and consumption. The framework’s principles outline 
the basic ideas of lay design while the guidelines support the professional 
designer in the development of toolkits and their products in practice. 
Lay design is concerned with the layperson designing personal products 
and is therefore primarily self-serving. It deals with creating meaningful 
products by enabling the layperson to personify designs, meaning that the 
designed product cannot exist without its originator. This research estab-
lished an understanding of design spaces and toolkits and of the roles the 
professional designer, layperson, and toolkits play. The implications of 
lay design concern the role of the professional designer, the way value is 
created, a shared accountability, and also the way designers are educated 
regarding the tool-sets, skill-sets, mindset, and knowledge.
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Introduction and 

Overview

1.1 Opening Up to a Production-
Consumption Continuum
3D Printing and software tools have emerged that give the layperson 
access to product design, an industry that has been fairly inaccessible for 
decades. Design is a “natural and ancient human ability”, as argued by 
Nelson and Stolterman, that is done by everyone (2012, p.1); However, 
over the last century, the industrial paradigm has institutionalised and 
professionalised many practices, from the medical practice, to education, 
to transportation, to product design, as I discuss further in chapter 3. The 
binary spectrum of production and consumption has been established 
with distinct roles for the professional designer, who engages in produc-
tion, and the consumer, who engages in consumption. However, this clear 
distinction has been blurred recently and the consumer, or layperson, is 
no longer involved only in consumption, but also in production. This is 
referred to as prosumption and was introduced by Toffler (1980, p.266) as 
the third wave in a series, where the first wave was a shift to agricultural 
society, the second wave was a shift to industrial society, and the third 
wave was the shift to post-industrial society.
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Digitalisation Enables Opening Up
The music industry unwillingly opened up to layperson participation and 
I use the example of the music industry to show how profound the impli-
cations have been on its stakeholders and society at large. The comparison 
between music and design is made on the basis that both practices, 
creating music and designing objects, are very old and have been per-
formed by people for many centuries. Long before there was a music 
industry with professional career musicians, people made music to tell 
stories and entertain each other. Similarly, long before there were design 
schools that trained students as industrial designers, people designed 
products to fit their needs. There is something to learn from the develop-
ment of the music industry as it relates to the opening up of design.

The music industry opened up due to digitalisation, which has affected the 
format in which music is sold, and has consequently allowed for the large 
scale copying and piracy of music. On the production side, many aspects 
of the music industry have changed dramatically due to digitalisation and 
the advent of software (Leyshon, 2009). We now live in a paradigm of pro-
sumption where ordinary people have the tools to remix music and make 
mash-ups1. The production of music, including composition, recording, 
distribution, and marketing of music, has become digital, represented 
by a transition from analogue instruments and tape recording to virtual 
instruments, sequencing, and recording software that runs on a laptop. 
Further, music is now largely distributed through the Internet.

Opening up music has had severe implications, positive and negative, 
for all stakeholders involved. I list five consequences that are of interest 
in relation to this dissertation. First, a transition took place from owning 
music, to music being available through streaming services. Second, 
accessibility, financial and technical, and the creativity to make, distribute, 
promote, and sell music have increased. Third, the distinction between 
amateur and professional musician has been blurred. As an artist, one 
does not have to be signed to a label to sell music, for example. Fourth, 
measuring success is not straightforward anymore; Is success measured by 
record sales, airplay, number of streams, number of (illegal) downloads, 
or the number of live performances? The fifth consequence relates to 
the activity of producing and performing music; The boundary between 
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producing music in the studio and performing on stage has been blurred. 
Artists improvise with electronic music on stage with new tools that allow 
them to remix, sample, and transform songs live, which was previously 
confined to the studio environment.

Towards Prosumption
Digitalisation affects both the consumption and production of products. 
Consumption has changed compared to a decade or two ago. For instance, 
books are now printed on-demand if ordered from an online book store 
like Amazon2, and one can order custom-made accessories and interior 
products at online stores like Shapeways3, and online platforms like Etsy4, 
both of which have established direct contact between designer and 
consumer. In these examples, the consumer is involved in the production 
in some way or another.

Product development has become more open in the recent years in terms 
of fabrication equipment, tools, education, distribution, and financing. The 
advent of consumer-oriented toolkits, such as mass customisation toolkits, 
has allowed the layperson to customise products, such as sneakers, furni-
ture, and food5, while computer-aided design (CAD) software that has 
been developed specifically for the layperson breaks down the barriers of 
the professional CAD packages. From an educational perspective, online 
platforms, like Instructables6, contribute to a wider spread of knowledge 
about design and do-it-yourself (DIY) activities. Furthermore, new busi-
nesses are emerging, like Quirky7, that enable people to submit ideas for 
products that they want to see developed and brought to the market when 
there is enough public interest. The tools for design have become more 
accessible to the layperson, as has the knowledge about product design 
that is required to engage in design. Due to the advent of digital fabrica-
tion, especially 3D printing, manufacturing has become more accessible. 
Examples are business-to-consumer services, like Shapeways, Ponoko8, 
and iMaterialise9, all of which allow anyone to send a product file to a 3D 
printer that produces the specific product on-demand. Another instance 
of the increasing accessibility of production means can be found in Fab 
Labs10 and maker spaces that, besides making fabrication equipment 
available, also educate people how to use these technologies. Furthermore, 
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3D printers have become a consumer product in the form of desktop 3D 
printers11. Distribution and sales have changed to be online platforms and 
web shop services, and the marketing of products has been appropriated 
by specialised blogs and websites. The initiation of new product devel-
opment has also changed through the advent of crowd funding, where 
the financial means to start developing a new product are collected from 
an interested crowd that invests or donates in return for the product or 
another kind of reward.

The consequences of opening up design are already visible in different 
stages of design and in new design approaches, tools, and businesses 
that have emerged. I revisit the music analogy and the consequences of 
digitalisation in chapter 11. This dissertation is focused on the design 
of toolkits and variable products because I am interested in how design 
can be democratised and opened up to the layperson, thereby enabling 
active participation in the design of everyday products. In general, I see 
the idea of opening up design as positive since it is inspiring to enable and 
empower the layperson to participate in the design process and therefore; 
Therefore, I aim to support the phenomenon of opening up design with 
this research.

1.2 Layperson and Lay Design
The layperson is the opposite of the professional, lay meaning “not trained 
in a certain profession” or “lacking extensive knowledge of a particular 
subject”12. The origin of ‘lay’ is “outsider, non-expert especially in regards 
to law or medicine”13 and the term is used here to describe one who is an 
outsider in regard to product design. In this dissertation, I use the term lay 
to indicate the non-professional or consumer who engages in design, lay 
design, and thereby can be called a lay designer.

The layperson is new to design but is also an expert in terms of knowing 
his/her context, needs, and preferences. The professional designer does 
design in a professional capacity but can in some respect also be seen as 
lay, namely in having limited knowledge about the context and needs of 
consumers. This is depicted in schema I (figure 1-1), where layperson and 
professional designer both have their areas of expertise and naivety.



Professional 
designer

expert in design

Design

Expertise

Naivety

Context

Professional designer
not an expert in  

knowing the context 
and needs

Layperson
expert in context 

and needs

Layperson
new to design

Figure 1-1: Schema I Layperson and professional designer and their respective areas of 
expertise (top) and naivety (bottom) in design (left) and in context (right)
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Although the professional designer does design as a profession, he or she 
is not necessarily better at it than the layperson. By the term ‘layperson’ I 
do not refer to the ignorant per se, as the layperson can be very skilled, but 
to the person who does design for him/herself. Examples of lay activities 
that illustrate the lay-professional distinction are cooking, making clothes, 
performing music, or painting. These activities are done by the profes-
sional as well as by the layperson and the competence level of the latter 
in some cases transcends that of the former. The professional designer 
is concerned with other-serving (Nelson & Stolterman, 2012, p.41) while 
the lay designer is primarily concerned with self-serving. However the lay-
person is positioned on a continuum and can engage in other-serving as 
well.

Lay activities refer to what Toffler has labelled sector A, which is all the 
work done outside that of the economy (Toffler, 1980, p.266-267). In 
the previous section, I have introduced the notion of prosumption and 
offered an analogy between the music industry and design. The notion 
of layperson and other actors is further developed in “Human and 
Technological Actors” (chapter 2) and in “Opening Up Design” (chapter 
3) I discuss approaches that involve the layperson in design in different 
ways.

Finally, I refer in the title of this dissertation to “everyday products” and I 
use ‘everyday’ in the same sense as Don Norman in his seminal book The 
Design of Everyday Things (Norman, 2013).

In this chapter I introduced the subject of this research, opening up 
design, with an analogy to the opening up of music, and I explained the 
use of the term ‘lay’. In the remainder of this chapter I provide an overview 
of the dissertation by presenting the relevance and motivations, objective 
and scope, research questions, and a summary of the studies undertaken 
and the contributions that this research makes. Finally, a reader’s guide 
explains the overall structure of this monograph.

1.3 Relevance and Motivations
Industrial design has never been practised by the designer alone. Many 
other professionals have participated in the process, including, among 
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others, the engineers, who design the production processes and the tools 
to produce the products, and the marketing and sales professionals. What 
the participants in the design process have in common is that they are 
all professionals within their own fields and collectively work together as 
specialists on their own parts of the design process.

What is changing is the role of the people who are not product devel-
opment professionals. Historically, consumer involvement has been 
limited to purchasing power; Consumers choose what to buy from what 
is offered to them. The classical example of this approach is Henry Ford, 
who allegedly said that the customer could have the T-Ford in any colour 
they wanted, as long as it was black. New production technologies made 
it possible to include more variations in the product options and this 
eventually lead to mass customisation (Davis, 1987; Franke & Piller, 2002; 
Tseng & Jiao, 2001), a strategy that allows consumers to adapt a product to 
their preferences with near-mass production efficiency in manufacturing.

By involving the layperson in the design process, the role of the profes-
sional designer will change. However, within the context of the industrial 
paradigm, the role of designers has already changed from merely giving 
shape to an industrially produced product, to managing entire product 
portfolios, to thinking about the brand, to designing the user experiences, 
to designing interactions and services for users, and managing the entire 
design process as part of a company’s strategy (Valtonen, 2007, p.306). 
Some of these changes were due to technological advancements, such as 
the advent of the computer and the Internet. Digital fabrication technolo-
gies, particularly 3D printing, challenges the current paradigm of mass 
manufacturing and could open up design, thereby further changing the 
role of the designer. The motivations for opening up design, rather than 
the enabling capacity of 3D printing, are threefold, namely the intrinsic 
motivation of the layperson, the potential of collaborative value creation 
and sustainable consumption, and the political driver of democratisation.

Intrinsic Motivation
As Simon states, everybody designs: “everyone designs who devises 
courses of action aimed at changing existing situations into preferred ones” 
(Simon, 1996, p.111). Rittel argues in a similar way, stating that “design is 
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not the monopoly of those who call themselves designers” (Rittel, 1988, 
p.1). The layperson, often portrayed as the passive opposite to the designer, 
does not possess the knowledge, skills, sensitivity, and experience a of 
professional designer when it comes to product design; However, the 
motivation for an individual layperson to be involved in product design 
is based on the intrinsic human motivation to shape the environment and 
create something that is meaningful to a particular person or group of 
people in a certain time and context. Western society is dominated by a 
consumer mindset that can be defined by the term couch-potato, which 
refers to the passive consumer hanging out on the couch in front of the 
television (Fisher, 1998). However, there are several motivations for doing 
a creative task. Dahl and Moreau investigated “any activity in which an 
outcome is created” (Dahl & Moreau, 2007) and identified seven basic 
motivations: competence, autonomy, learning, engagement and relaxa-
tion, self-identity, public sense of accomplishment, and community (Dahl 
& Moreau, 2007, p.359). Other research has identified similar motiva-
tions, such as that of Gerber and Martin, who looked specifically at mass 
customisation toolkits (Gerber & Martin, 2012).

Value Creation and Sustainable Consumption
Another motivation for opening up design concerns value creation 
whereby value creation not only signifies the economic sense, but also 
emotional value creation and meaningfulness. In mass customisation lit-
erature, studies have been done on the so-called willingness-to-pay, which 
stands for the amount a consumer is willing to pay for a product. It turns 
out that self-designed products have a significantly higher willingness-
to-pay value than standard, off-the-shelf products (Franke & Piller, 2004, 
p.412). More interestingly, the emotional value of products increases when 
the layperson is involved in the design of products, likely due to a stronger 
bonding and emotional attachment to a product. A stronger bond with a 
product and involvement in the design process contributes to awareness 
and potentially to a more sustainable consumption pattern.

Political Motivation
Opening up design can also be seen as a democratic endeavour that aims 
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to create a product development process in which everyone has a say and 
people are empowered, in some way or another, to voice their ideas and 
concerns. Opening up aims to lower the barrier between the amateur 
and professional designer by enabling the layperson to act. This relates to 
the notion of a knowledge-based economy where the design of products 
becomes more important than the manufacturing of them, which con-
trasts with today’s industrial society where manufacturing power is 
prevalent (Tsigkas & Papantoniou, 2009, p.61).

To conclude, the role of the designer has been changing and continues 
to change due to technology and other drivers. This dissertation is con-
cerned with investigating and understanding how the role might change 
in the context of lay design when the layperson is enabled and empowered 
to be engaged in the design of everyday products.

1.4 Objective and Scope
The term opening up is used in this dissertation as “to make visible and 
to make available”14. To define ‘opening up’ more politically, this research 
is concerned with the democratisation of design where democratisation 
means “to make (something) available to all people; to make it possible for 
all people to understand (something)”15. Design has become an established 
practice consisting of industrial designers that are trained at an university 
or design school in ideating and developing products for the masses. This 
practice is part of a larger industry consisting of (more powerful) stake-
holders such as manufacturing companies, technology developers, clients, 
and marketing departments to mention a few.

Schema II (figure 1-2) presents a visual overview of the purpose and 
actors of this research. This research is about opening up production-
consumption rather than maintaining the strict separation of the two 
concepts, which means that the layperson is increasingly engaged in the 
production side of the design industry by adapting and appropriating a 
design in use time (Wakkary & Maestri, 2008). Rather than focusing on 
the dichotomy of production and consumption, this research focuses on 
understanding what it means if the layperson gains access to the design 
of everyday products through the use of toolkits. This dissertation investi-
gates how opening up design changes the relation between layperson and 
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professional designer in a post-industrial society where the layperson, 
who has traditionally only been concerned with making purchasing 
decisions, has become an active participant in the design process. This 
research proposes a way of working to product designers that enables 
them to involve the layperson in the design process of everyday products.

By bringing in the layperson design is no longer solely the work of the 
professional designer. The professional designer no longer completely 
determines the design, but rather enables the layperson to (co-)determine 
it; In other words, the layperson engages in design work. Additionally, this 
dissertation deals with the design and fabrication of the unique products 
that are designed by the layperson. This research examines how variable 
products can be created as well as how these products can be fabricated. 
This research also focuses on toolkits, software applications that enable 
users to design products that can be produced by digital fabrication tech-
nologies, as discussed in more detail in “Human and Technological Actors” 
(chapter 2). I investigated toolkits through a series of analytical studies, 
experiments involving the layperson and the professional designer, and 
by using theory from the field of philosophy of technology to analyse and 
discuss their role as a technology in lay design.

The starting point for undertaking this research was my interest in both 
the idea of enabling or empowering people to design their own products 
and the opportunities offered by 3D printing. Mass customisation was 
the point of departure since this approach involves active consumers and 
transfers some of the decision making to the layperson while still relying 
on efficient industrial production technologies. Further, my intention 
was to explore how lay design can go beyond the mere customisation of 
products. It also transcends DIY activities because it aims to investigate 
developments that challenge some of the foundational aspects of industrial 
design. This dissertation also discusses the larger impact and implications 
of opening up design for the layperson, the designer, and society at large.

This dissertation aims to contribute primarily to the field of industrial 
design. Contributing to other fields, such as 3D printing technology, 
computational geometry, or consumer behaviour is beyond the primary 
scope of this dissertation. The intended audience for this work is design 
researchers and design practitioners for whom this dissertation has 
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Figure 1-2: Schema II Overview of the purpose - opening up design towards prosump-
tion - and the basic constitution of actors, i.e. professional designer, toolkit, and 
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valuable insights and new knowledge, whether regarding the practical 
level, like toolkit design guidelines, or the more theoretical level, as with 
the discussion of the changing role of the professional designer its poten-
tial implications for society at large.

1.5 Research Questions
This dissertation is based in the realm of post-industrial society, which I 
discuss and frame more precisely in chapter 3. The research carried out 
in this dissertation rests on two premises. The first premise assumes that 
people are intrinsically motivated to have some sort of influence on the 
physical products that surround them in their everyday environment. 
They are willing to participate, which means investing time, money, and/
or effort in some aspect of design and decision making about the physical 
products that surround them. The second premise concerns 3D printing 
technology and assumes that 3D printing will become a mainstream 
manufacturing technology in terms of economic viability, quality, and 
material availability in the near future. 3D printing will be a feasible alter-
native for, or an interesting complementary technology to, current mass 
manufacturing.

Two main research questions were formulated and to make these ques-
tions operational, six sub-questions were also formulated that address the 
topic more specifically.

Question 1: How will the roles of the professional designer and 
layperson change when the latter engages in the design of personal 
products?

The roles of both the professional designer and the layperson will be 
analysed and evaluated according to four aspects, namely tool-set, skill-
set, mindset, and knowledge, and I will compare the current role of both 
with their proposed future roles in lay design.

Question 2: How can designers develop digital-physical toolkits for 
the layperson to collaboratively create value and meaning?

2A: How can the layperson be engaged in the design process to 
design highly individual products?
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This question is concerned with engaging the layperson in the design 
process, specifically how to motivate and encourage them to spend time 
and effort to make something they value.

2B: What aspects of designing as an activity can the layperson 
interact with?

This question is concerned with the actual activity of designing. What 
is it that the layperson can and will actually do? Is it limited to simply 
changing the colour of an object or are more advanced tasks possible as 
well? What is it that the layperson can do from a cognitive point of view, 
as well as from a technological, and practical point of view.

2C: What aspects of toolkits are important when designers design 
toolkits?

This question aims to identify the characteristics and qualities of toolkits 
for the layperson as well as support designers in designing them.

2D: How can lay design go beyond merely (mass) customisation?

Is it possible to break out of the constrained design space and have lay 
designers go beyond the intentions of a professional designer? If so, what 
does this mean for the relation between professional designer and lay-
person and what would the type of toolkit that enables this look like?

2E: Do the products of lay design (as in the outcomes of toolkits) 
have its own aesthetics?

This question has a reflective scope and deals with the consequences of lay 
design, inquiring whether lay design will enable or push towards a new 
approach to industrial design, specifically form giving, which has been a 
core activity in design performed by designers.

1.6 A Series of Studies
In order to answer the research questions and to meet the objective I have 
identified for this research, I have conducted a series of studies. These 
studies are presented and discussed in detail in part III, “Investigations”, 
which consists of chapters 7, 8, and 9. The studies are a combination of 
analytical and empirical work and each study has its own purpose, scope, 
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and outcome. Even though they are all labelled “study” and contain 
sequential numbering, the breadth of the studies varies and the order is 
not chronological; However, the order aims to best convey the argument. 
I will briefly explain each study by describing its aim and outcome.

The first set of studies are concerned with analysing existing toolkits and 
design spaces, developing models that describe, disseminate, and explain 
them and conceptualising the notion of openness (studies 1-5, chapter 7). 
The second set of studies is concerned with explorative experiments that 
investigated the layperson when engaged in design activity using toolkits. 
In particular, I focused on parametric and algorithmic design approaches 
(studies 6 and 7, chapter 8). The final study brings together the previous 
studies and investigated a particular future lay design scenario where the 
layperson participates in designing audio equipment (study 9, chapter 
9). By developing a prototype of a toolkit and interviewing design prac-
titioners several aspects of design, such as accountability, aesthetics, and 
form giving were examined. These nine studies lead to a philosophical 
analysis and discussion using the theory of technological mediation 
(chapter 4). The analysis is presented in the contributions chapter (chapter 
10). In the next section, I discuss the contribution of this research based 
on the nine studies.

1.7 Summary of Contributions
For most professional designers, the shift from knowing what a future 
user would like to have towards knowing what a layperson would like to 
design is unfamiliar. The main contribution of this research addresses this 
gap by proposing a framework (chapter 10) that aims to support designers 
in developing digital-physical toolkits for the layperson, who is thereby 
enabled to be engaged in the design of everyday products. The framework 
consists of principles that provide an outline of lay design and two sets of 
guidelines to support designers on an operational level in their practice.

The five principles of lay design, which are presented in full detail in chapter 
10, are Design for Engagement (P1), Dynamic Relation between Layperson 
and Professional Designer (P2), Openness in Product: Undetermined in 
Scope (P3), Openness in Process: Unknown in Competence (P4), and 
Interweaving of Production and Consumption (P5).
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These principles are made operational in the form of two sets of guide-
lines, which are aimed at design practitioners to use in their daily practice. 
One set is labelled ‘toolkit design guidelines’ and another set is labelled 
‘product design guidelines’. The toolkit guidelines are ten principles that 
guide and support designers who aim to design digital-physical toolkits 
for the layperson. The product design guidelines that I developed guide 
designers in developing variable products, or in other words the content 
of a toolkit.

Besides the presented framework, I provided, as part of the contributions, 
reflections that concern the theme of this research, opening up design, 
the methodology, and the theory of technological mediation (chapter 11). 
The reflections concerning opening up design relate to the analogy made 
with music in the beginning of this chapter, where I identified five char-
acteristics of opening up. Furthermore, I identified several prerequisites 
of opening up, such as the imaginative mindset and levels of dedication 
to design. The methodological insights concern the constructive design 
research approach that I took in my research and the main advantage, 
experts becoming self-reflective, that I identified. Finally, the theoretical 
insight concerns the theory of technological mediation (chapter 4) and 
how lay design can be used to anticipate mediations.

1.8 Reader’s Guide
To guide the reader through this monograph the basic structure is 
visualised in figure 1-3. This dissertation is structured into four parts: 
“Theoretical Foundations” (part I), “Enabling Foundations” (part II), 
“Investigations” (part III), and the contribution and implications of the 
work in part IV “Reformation”. Part II, “Enabling Foundations”, consists of 
two chapters that discuss developments and technologies that enabled lay 
design. Part III, “Investigations”, consists of three chapters. The four parts 
are preceded by chapter 2, which focuses on the methodological basis for 
this work.

Throughout this dissertation two types of visualisations are used, namely 
schemas and images. The schemas are diagrammatic presentations of 
theory or concepts, and are intended to contribute to the written text 
rather than just visualise it. They are designed in close association with 
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the text and are original contributions. A list of all schemas can be found 
at the end of the monograph. All the other visualisations such as pho-
tographs, screen shots, sketches, and renderings, are used for illustrative 
purposes.

The digital appendices consist of additional material such as an interactive 
toolkit prototype, video footage and project documentation.

Notes:
1: Everything is a Remix, Kirby Ferguson, 2011, documentary on intellectual property, www.
everythingisaremix.info, last visited: 24 February 2015
2: Amazon and Springer print-on-demand collaboration, http://www.springer.com/about+springer/
media/pressreleases?SGWID=0-11002-6-805598-0, last visited: 17 June 2015
3: Shapeways, www.shapeways.com, last visited: 17 June 2015
4: Etsy, www.etsy.com, last visited: 17 June 2015
5: The configurator database gives an overview of online mass customisation offerings. Configurator 
Database, cyLedge Media, www.configurator-database.com
6: Instructables, www.instructables.com, last visited: 17 June 2015
7: Quirky, www.quirky.com, last visited: 17 June 2015
8: Ponoko, www.ponoko.com, last visited: 17 June 2015
9: iMaterialise, www.imaterialise.com, last visited: 17 June 2015
10: Fab Labs, Fab Foundation, www.fabfoundation.org, last visited: 17 June 2015
11: Make: Ultimate Guide to 3D Printing 2014, overview and comparison of desktop 3D printers, 
http://makezine.com/volume/guide-to-3d-printing-2014/, last visited: 25 February 2015
12: Merriam-Webster dictionary, search term: lay-, www.merriam-webster.com, last visited: 13 May 
2015
13: Etymology of layman, Online Etymology Dictionary, www.etymonline.com, last visited 13 May 
2015
14: Merriam-Webster dictionary, word: opening up, www.merriam-webster.com, last visited: 20 July 
2015
15: Merriam-Webster dictionary, word: democratise, www.merriam-webster.com, last visited: 20 
July 2015
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2.1 Introduction
This chapter presents and discusses the constructive design research 
approach that I have taken in this dissertation, which is a specific branch 
of design research. I discuss the type of knowledge that I aimed to 
generate with this research and the evaluation criteria that I intended to 
use, and I have a look at the role of the design researcher, my role, in 
this PhD project. Hereafter, I present the overall methodological structure 
of this dissertation, which is an umbrella that contains the studies and 
shows how they relate to each other. The following section focuses on the 
type of methods that I used and is divided into qualitative and designerly 
methods. The methods are presented in a general manner here in order to 
provide an overview, while the exact application of a method is discussed 
for each individual study in chapters 7, 8, and 9. Finally, this research 
focused on the relation between different entities, namely the layperson, 
designer, and toolkits, and I discuss these entities and the definitions I use 
throughout this dissertation.

2

Research Approach 

and Methods
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2.2 Constructive Design Research

Three Streams of Design Research
Constructive design research, or research through design, is the approach 
that I adopted for this dissertation. One way that design research is devel-
oped is by dividing it into three streams, namely research into design, 
research through design, and research for design (Frayling, 1993). These 
three categories are labelled slightly different by Friedman, who calls them 
research into, by, and for design (Friedman, 2008). Research into design 
is concerned with generating knowledge on an abstract level and deals 
with finding general principles and concepts not specific to one situation 
or case. Research through design is concerned with materials research, 
development work, or action research. Research for design is the kind of 
research typically done by practitioners and it is focused on a particular 
situation or problem, enabling solutions in design projects. Other ways 
to categorise research are by dividing it into basic, applied, and clinical 
research (Friedman, 2003) or, as Fallman does, dividing design research 
by talking about design practice, design exploration, and design studies 
(Fallman, 2008). Yet another way to divide design research was put 
forward by Sanders and Stappers, who divide it roughly into two, user-
centred research and participatory research, where the latter focuses on 
working with people and sees users or consumers as co-creators (Sanders 
& Stappers, 2014a, p.19). This participatory mindset corresponds to the 
research presented in this dissertation.

In general, research can be described as the “careful study that is done 
to find and report new knowledge about something”1. The aim of design 
research is first and foremost to produce knowledge, of some sort and 
in some form (Löwgren, 2013, p.30). Design research, as well as design, 
embraces the complexity of the real world. Where science deals with the 
true and existing, trying to discover how things are (Krippendorff, 2007, 
p.67-69), design deals with the real and ideal (Nelson & Stolterman, 2012, 
p.34). The act of designing, compared to analysis and critiquing, is con-
cerned with bringing things into being (Schön, 1987, p.42) and moving 
from a current state to a preferred state in an intentional way. Rittel claims 
that design is concerned with wicked problems (Cross, 2001, p.50), which 
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are ill-defined, messy situations (Rittel, 1988) that cannot be tackled with 
an engineering method as is done with tame problems. The notion of 
wicked problems is based on the idea that problem and solution evolve 
at the same time. This leads to the idea that design has its own logic, not 
similar to science, and is still a structured and systematic process.

Imagining and Building Things

Constructive design research is concerned with research that “imagines 
and builds new things and describes and explains these constructions” 
(Koskinen, Zimmerman, Binder, Redström, & Wensveen, 2011, p.6). 
Research is often focused on understanding the past and present, for 
instance research in the social sciences, where the aim is to understand 
human behaviour in a specific situation, or research in physics that tries to 
gain understanding of a natural phenomenon. Design, however, is about 
imagining a preferred state; It deals with what-ought-to-be rather than 
what is. Constructive design research is concerned with understanding 
how the constructed world ought-to-be by imagining and constructing 
things, in my case the work is focused on lay design and I construct toolkits 
for everyday consumer products. The generative way of thinking of con-
structing the future world is a core aspect of this type of design research 
(Stappers, 2007) and is rooted in the way designers work. Therefore, being 
trained as an industrial designer, this type of design research becomes 
natural.

Research Objects

Research objects and artefacts made in design practice can be distin-
guished by two aspects, namely intention and novelty (Zimmerman, 
Forlizzi, & Evenson, 2007, p.499). First of all, research artefacts, or proto-
types, are made with the intention to produce knowledge rather than to 
be sold in a commercial setting. Secondly, the research artefact should be 
novel in at least one aspect compared to a commercial product, which can 
be a variation of an existing product. The value of research objects is that 
they “… serve as carriers realising these shared experiences facilitating 
communication, as [do] other typical design tools such as sketches and 
scenarios” (Stappers, 2007, p.7). Stappers emphasises, though, that the 
embodied knowledge, which can be present in artefacts and prototypes, 
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should be made explicit in order to be able to communicate it to others. 
The prototypes that I constructed inform the research and are means rather 
than goals. My research deals with what-ought-to-be, focusing on a future 
world, and I constructed prototypes to investigate this future. Examples of 
this approach are the toolkits and products that I constructed in studies 6 
to 9 (chapters 8 and 9). The goal of the toolkits and the physical products 
was to gain insights into the design task and the enabling technology, and 
to generate new knowledge about lay design.

Zimmerman et al. formulated four points of critique of research through 
design: researchers hold a “romantic view of design” that sees the design 
process as irrational, opaque, and not logical; Theory is not the intended 
outcome of a research through design project; Projects are often poorly 
documented; And finally, there is a “lack of examples and critical analysis 
of these examples” (Zimmerman, Stolterman, & Forlizzi, 2010, p.316). 
My take on this is that constructive design research is sometimes dis-
carded as merely making things for the sake of it, while the value of it is 
in the synthesis, which goes beyond the analysis of existing things and 
explores, materialises, and questions what could be and what ought-to-be. 
Therefore, the intention of research through design is important to articu-
late and communicate. I evaluate and reflecte upon the research presented 
in this dissertation in chapter 11.

Knowledge Production
Different types of knowledge can be produced by research and presented 
in different forms. I used the concept of intermediate-level knowledge as 
proposed by Löwgren to discuss my intended knowledge contribution 
(Löwgren, 2013, p.30). The notion of intermediate-level knowledge bridges 
the gap between general theory in academic research and particular arte-
facts in design practice. Both ends of the spectrum are exemplified as the 
following: general theory is applicable to any situation and must hold in 
all these situations, as does, for example the law of gravity; particular arte-
facts, however, are specific to one situation in a particular context and 
when the artefact is placed in another situation it might lose its appro-
priateness. Within the spectrum of intermediate-level knowledge, several 
forms exist, for example methods and tools, guidelines, heuristics, and 



Research Approach and Methods | 23

patterns (Löwgren, 2013, p.33).

Other ways to think about knowledge production is that design research is 
more closely related to the humanities than the natural sciences, since the 
research is about “improv[ing] thinking and understanding, not [making] 
discoveries”, and “…the frameworks researchers build to explicate their 
designs” (Koskinen et al., 2011, p.168) are often seen as the most impor-
tant knowledge they contribute. Yet another way to position the generated 
knowledge is to place it in the four quadrant model of Stokes (Stappers, 
2007), which frames research by eye for generalisation and eye for applica-
tion. Design research can be seen as work that both takes in generalisation 
as well as application and the amount of each aspect depends on the par-
ticular work.

Principles and Guidelines

To return to the model of intermediate-level knowledge, I positioned my 
intended outcomes, which were a framework of lay design that enables 
an active role for the layperson in the design process, as described in 
“Methodological Structure” (this chapter). My knowledge contribution is 
located on the spectrum between general theory and particular artefacts 
(Löwgren, 2013, p.33) in the form of principles and guidelines since it 
explains and discusses how to design highly individualised products with 
layperson participation enabled by 3D printing (schema III, figure 2-1).

This dissertation contributes to design knowledge by proposing and exem-
plifying a new perspective on product design in a post-industrial society, 
which is consolidated into principles and guidelines. The principles of lay 
design contribute on a theoretical level and the guidelines contribute on 
an operational level. This perspective on lay design is the main contribu-
tion, as the literature states that “…a new perspective or distinction can 
be an important contribution” (Koskinen et al., 2011, p.169). In the four 
quadrant model of generalisation and application, this work is positioned 
on both the axis of generalisation as well as the axis of application since 
the principles and guidelines that I developed are considerations for 
designing toolkits while at the same time are applicable in design practice.
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Analytic, Formative, and Generative Theory

The framework of lay design that I have developed in this dissertation 
consists of three kinds of theory. The framework is analytic, formative 
since it provides a vocabulary which makes it possible to talk about toolkit 
design and the role of the layperson, and generative since it provides 
design dimensions that could inform a design (Rogers, 2005, p.126-127). 
According to Rogers, theory in design can have five different roles: descrip-
tive, explanatory, predictive, prescriptive, and generative (Rogers, 2005, 
p.127). The value of prescriptive theories should be carefully considered, 
since it is not possible to tell designers what and how to do it. Contributing 
to practice is better achieved in the form of providing methods, tools, and 
frameworks. As Rogers states, there is “a move away from providing pre-
dictive and prescriptive approaches towards developing more analytic and 
generative ones” (Rogers, 2005, p.127).

Supporting designers in their work with tools and methods is one of the 
three tasks that design research should fulfil, according to Rittel (1974). 
Two aspects should be taken into consideration, namely knowledge 
transfer and the relationship between researcher and designer. The first 
aspect concerns how the researcher transfers the knowledge to more 
practically-orientated designers, who are very much constrained by time 
and under pressure due to industry projects. Furthermore, the relation-
ship of researcher and designer should be seen as a partnership rather 
than as educator/receiver of theory. With regard to knowledge transfer, I 
operationalised the framework of lay design in a set of toolkit design and 
product design guidelines. This particular form of transferring knowledge 
was chosen in this dissertation because it is suitable for design practi-
tioners. It is concise and accessible, which are important traits for design 
practitioners, who do not have the time to go in depth into the research.

Theory can range from primitive to advanced levels of systematisation, 
starting with ad hoc classification systems, and moving to systems of cate-
gories, theoretical systems, and empirical-theoretical systems (Friedman, 
2003). On the first level, categories are used to describe empirical data 
whereas on the second level the relationships between these categories are 
identified. Frameworks are placed on the third level of systematisation, 
which concerns propositions for explaining and predicting. The highest 
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level focuses on laws in formal theories.

Evaluating Design Research
This dissertation is concerned with articulating a new perspective on the 
subject and gaining an understanding of this area rather than with proving 
something that can be quantified. Quantitative research is evaluated 
through the acceptance or rejection of the hypothesis and the scientific 
rigour of the research allows other researchers to replicate the work and 
come to the same conclusion. As I have stated, this research does not have 
such a hypothesis to start from and therefore a different type of evaluation 
is required.

Koskinen et al. proposed different ways of evaluating field research 
(Koskinen et al., 2011, p.80-81); However, I found that Zimmerman’s 
proposal of evaluating the quality of constructive design research in a 
qualitative way according to four criteria, namely process, invention, rel-
evance, and extensibility (Zimmerman et al., 2007, p.499-500), is more 
appropriate. The first criterion is concerned with the process of a design 
research project, which should be justified and well documented in order 
to show other researchers what methods were used. Documenting the 
process is not done for the purpose of reproducing a study with the expec-
tation of obtaining the same results, as is done in the natural sciences, but 
rather to give insight into the working process and allow other researchers 
to judge the decisions made in the process. Second, the research project 
should make a novel contribution to existing knowledge, usually by 
integrating various subjects in a particular situation and taking a new 
perspective on the matter. Relevance concerns the impact the research 
could make within the research community. A design researcher should 
carefully describe what the current state is and what the preferred state is 
to which the research contributes and furthermore explain why this state 
is preferred. The relevance is the motivation for the work undertaken and 
it frames the research in a broader societal context so as to make sense to 
an audience that is inexperienced in the particular subject. Nelson and 
Stolterman attribute this to the fact that design is an other-serving field 
of inquiry compared to the self-serving fields of science and art (Nelson 
& Stolterman, 2012, p.41). The last criterion, extensibility of the research, 
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concerns the ability of the research community to build upon the work, 
which is mainly enabled by documenting the work in an appropriate way 
so that the design research community can use it later. I evaluated the 
work presented in this dissertation according to these four criteria in 
chapter 11.

Role of the Design Researcher
A PhD project is a personal research journey and throughout it the 
PhD student has several different roles to fulfil. Besides having been a 
researcher, I have been a designer since I adopted a constructive design 
research approach for which I made the prototypes myself. As I already 
mentioned, Friedman (2003) argues that there are three types of design 
research, namely basic, applied, and clinical, and in connection to this 
statement, Friedman sees the designer operating through different roles, 
namely as analyst, synthesist, leader, and critic (Friedman, 2003, p. 511). 
I would argue that these four roles can be found in a design researcher as 
well when working with a research through design approach.

As a design researcher, I am an analyst since I worked with an opportunity 
in a certain context that was thoroughly analysed along with the data from 
the empirical studies. I am also a synthesist since I came up with proposals 
in the form of toolkits and designs. Furthermore, a PhD student is his own 
project leader and responsible for planning and following-up on research 
projects. Finally, I am a critic, which is a role that develops throughout the 
course of a PhD project as the research student becomes less dependent 
on supervisors (Phillips & Pugh, 2005, p.74) and is able to formulate a 
critique on his/her work as well as the work of others.

Schön argues that the professional encounters ill-defined problems and 
uncertain situations and uses artistry to deal with them. Schön introduces 
the concepts reflection-on-action and reflection-in-action (Schön, 1987, 
p.44-79). Reflection-on-action means that one reflects after the task at 
hand has been completed while reflection-in-action is reflection while the 
task is on-going. In my process, I used both concepts, I used reflection-
on-action after each study to evaluate what went well and what could be 
improved. I used reflection-in-action for the different design tasks as well 
as during the interview sessions, where the questions were to some extent 
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adapted to the answers of the participants.

To conclude, my role in this research was not of an objective researcher 
standing outside and looking in, but I was actively engaged in shaping 
the research by bringing my own values, background, interests, and skills 
to the different activities, such as the prototyping performed during this 
research.

2.3 Methodological Structure
The methodological structure is the supporting frame that I used 
throughout the work and is reflected in the way this monograph is 
structured. This structure is based on the program approach proposed 
by Redström (2011). The methodological structure consists of the three 
elements objective, arch, and intended outcome (schema IV, figure 2-2). 
The structure can be characterised by its open-endedness since I am lever-
aging opportunities. Design practice is typically concerned with problem 
solving of ill-defined, or so-called wicked problems (Rittel, 1988). Design 
research can also be concerned with problem solving or it can have a 
more explorative character, as does the work on rich interaction (Frens, 
2006) and opportunities of the haptic design space for interaction design 
(Moussette, 2012). Opportunities focus on the future, leaving room for 
the things that one desires, the so-called desiderata (Nelson & Stolterman, 
2012, p.106). Problem solving is a reactive way of taking action grounded 
in the present and often with an immediate or near-future scope, whereas 
my motivation of adopting an open-ended approach stemmed from a 
desire to challenge systems, in this case industrial design, mass produc-
tion, and mass consumption. The open-ended character allowed me to 
investigate phenomena in a holistic way. The open-ended structure also 
affected the way I treated theory in this research. Before I explain and 
discuss the methodological structure, I will discuss the two sets of theory 
that are present in this dissertation.

Two Sets of Theory
For this dissertation I used two sets of theory. The first set is presented 
in chapter 3 while the second set is presented in chapter 4. The first set 
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focuses on different approaches to involving the layperson in the design 
process, such as mass customisation, meta-design, and open design. This 
theory is on a practical level and the concepts that I selected are used to set 
up the studies presented in chapters 7, 8, and 9. The second set of theory 
is concerned with technological mediation and is used to analyse toolkits 
and the mediating role they play in lay design (chapter 10). The second 
set was brought in later in the PhD research process and is therefore pre-
sented in a separate chapter. It can be seen as an additional, philosophical, 
layer of analysis on top of the more practical-oriented analysis presented 
in chapter 7 since it provides a new perspective on toolkits and aims at a 
deeper understanding of toolkits in lay design.

Objective
The research presented in this dissertation is concerned with leveraging 
opportunities (Krippendorff, 2007, p.70), namely the socio-political 
opportunity of involving the layperson in design–a way of democratising 
design–and the technological opportunities of digital fabrication, i.e. 3D 
printing, and computational form generation. In contrast to scientific 
research where the starting point of a research project is a hypothesis, I 
started with an area of interest and a set of questions that could be explored. 
The objective is to investigate the roles of the professional designer and 
the layperson in a context of lay design thereby challenging key aspects of 
industrial design. The objective was loosely formulated so as to position 
the research while at the same time leaving room to be developed over 
time. Both the objective and research questions are based on the status 
quo, the literature that was identified as the key texts in the field of design, 
mass customisation, co-design, consumer behaviour, 3D printing, and 
computational design.

Arch
The arch consists of a series of analytical and empirical studies that were 
constructed as the research developed. The first category of studies is 
labelled as examining and these studies are analytical examinations as well 
as conceptualisations (chapter 7). The second category, exploring, consists 
of studies that focus on ways of doing design and ways of involving the 
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layperson in design (chapter 8). The studies are empirical; Participants 
were invited to design tasks in which data was gathered. The third category, 
investigating, is again different in nature, and the study presented in this 
section has a more future-oriented character, aimed at investigating a 
future scenario of lay design and thereby questioning aspects of design, 
such as accountability, aesthetics, and form giving (chapter 9).

The arch connects the objective with the intended outcome of this dis-
sertation. Since the structure is open-ended, it was important that the 
studies were developed along the way and informed each other. In other 
words, the direction of the arch was initially informed by literature and 
the formulated research questions. As the research developed, these ques-
tions were refined and together with the insights of the studies constituted 
the research direction. I wrote the research proposal for this PhD project, 
which laid out the initial direction. In the schema, the directions form a 
smooth curve and only one arrow is drawn at a time; In reality, however, 
this was a much more messy process that involved multiple directions that 
were sometimes pursued and lead to ways that were not desired or for 
other reasons not continued.

Intended Outcome
The intended outcome has been formulated as a framework for lay design 
that supports designers in developing toolkits for the layperson enabling the 
layperson to design everyday products in collaboration with a professional 
designer. How this framework would look and in what format it should be 
presented in order to make sense were not determined in advance. As the 
research progressed, the choice was made to have principles and guide-
lines as the format. The intended outcome merely served as an intention 
of the research rather than a restriction or obligation and it was formu-
lated loosely and refined along the way.

The interaction between these three elements constitutes the methodolog-
ical structure with its open-ended, explorative character. In the following 
section I discuss the type of methods that I used within this methodo-
logical structure.
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2.4 Methods
The methodological structure provides an overall frame for the work I 
have done and within this structure I used different methods which can be 
divided into two categories, qualitative and designerly methods. The first 
category contains methods borrowed and adapted from social sciences, 
which are commonly used in design research, and the second category are 
methods from the field of design. The main difference between qualita-
tive and designerly methods is that they give different types of insights. 
Qualitative methods are suitable for finding out why people do certain 
things or think in certain ways, catering to obtaining an understanding 
of the subject, while designerly methods are suitable for proposing and 
speculating about the non-existent and investigating how people think 
about these constructed futures and the things that ought-to-be.

Studies and Methods
The methods used in the nine studies are (table 2-1): qualitative analysis 
for studies 1 to 5, which use analysis and conceptualisations; Studies 6 to 
9 encompass empirical experiments and use a range of different methods. 
Study 6 uses observation, interviews, and prototyping while study 7 uses 
a questionnaire to gather data and tracking of user behaviour to get an 
insight into what respondents do. Study 8 is similar to study 7 but without 
the use of the tracking method. Study 9 uses personal interviews and a 
range of designerly methods, such as scenario building, personas, and 
prototyping in different ways. I mainly focus my attention on discussing 
the designerly methods since they require explanation of how I used 
them, for what purpose, and so on. The particular application of a method 
in all its details is discussed in each study in chapters 7, 8, and 9. As I 
pointed out in “A Series of Studies” (chapter 1), each study has its own 
purpose, character, and scope. Therefore, the studies also vary in the time 
and resources allocated to them.

Qualitative Methods
Qualitative methods were used in this research to obtain rich and detailed 
insights from the participants. I am not concerned with statistical data 
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regarding my subject area and I am also not concerned with proving 
something in a quantifiable way. Qualitative research methods, such as 
face-to-face interviews, observations, and questionnaires with open ques-
tions gave me the type of data that is appropriate to this research. I tried 
to find out what people think, what motivated them, and what made 
them tick. The qualitative research methods that I used throughout my 
work were adopted from the social sciences and these types of methods 
are often used in design research. These methods are well documented in 
different literature, for instance in Qualitative Research Practice by Ritchie 
and Lewis (2003).

Designerly Methods
The designerly methods are research methods that incorporate aspects of 
design practice and design doing, such as making and storytelling. Rather 
than being concerned with a controlled experiment or criticism, designerly 
methods are concerned with synthesis (Cross, 1982, p.221). Incorporating 
aspects of design practice is done by constructing something tangible or 
digital that can be put into the world so that the world can engage with it, 
or by constructing scenarios, personas, or a process. The activity of design 
is a part of constructive design research and “the designing act of creating 
prototypes is in itself a potential generator of knowledge” (Stappers, 2007, 
p.87). The two designerly methods that I used are prototyping and design 
fiction. I had three reasons for using designerly methods: first, it provides 
rich insights; Second, I have the knowledge and skills to design; And third, 
I have an interest in designing and making things.

Prototyping

Prototyping is a core activity in design practice. By constructing proto-
types, designers are able to explore, examine, and verify ideas and concepts 
about a not-yet-reality. In different stages of the design process prototyping 
is used and therefore has many variants that differ in purpose, fidelity, 
and technique. For example, there are sketch models, functional models, 
and beta prototypes2. For the sake of clarity, I use the term prototype in 
this dissertation as a general reference to the things I have constructed, 
independent of the purpose, technique, and fidelity, which differ for each 



Study Qualitative methods Designerly methods
1-5 Qualitative analysis -
6 Observations in person and video, 

face-to-face interviews with open 
questions

Prototyping: lo-fi  functioning proto-
type of a parametric toolkit; products 
made with desktop 3D printer

7 Questionnaire, tracking of design 
task by recording mouse 
movements

Prototyping: functioning prototype of 
a parametric toolkit; products made 
with high-end Selective Laser Sinter-
ing (SLS) 3D printing

8 Questionnaire: combination of 
open questions and multi-choice

Prototyping: functioning prototype of 
a parametric and algorithmic toolkit; 
products made with high-end 3D 
printer (SLS)

9 Interviews: open questions, 
schemas for visualising

Prototyping: high fi delity visual, 
scripted prototype (chauff eured 
model); products made with SLS 3D 
printer, post-production, electronics
Design fi ction

Table 2-1: Overview of qualitative and designerly methods per study



Figure 2-3: Screenshots of different toolkit prototypes; the computational toolkit deve-
loped in study 8 (top) and the scripted toolkit developed in study 9 (bottom)
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study. The three criteria–purpose, technique, and fidelity–are described 
by Lim, Stolterman, and Tenenberg as scope, material, and resolution 
(2008) and they label these three aspects as the manifestation dimen-
sions of a prototype. Prototypes are not only manifestations of design 
ideas, but they also function as filters of a design space (Lim et.al, 2008). 
Inherent in the activity of prototyping is the notion of iteration. When a 
designer constructs a prototype it is almost never the case that it is right 
the first time. A designer iterates and reflects on the prototype and makes 
changes accordingly. Prototyping in design practice and design research 
is different with regard to the degree of development, the intention, that 
is moving from solution to question, and the way success and failure is 
handled (Mullaney & Stolterman, 2014).

Purpose

The purpose of prototyping in studies 6, 7, and 8 was to allow the user 
to design an everyday product in a parametric way. The purpose of the 
prototyping done in study 9 was different; Here, the prototypes were made 
to materialise a future scenario of lay design, both in terms of the toolkits 
that one might use as well as the outcomes of that toolkit.

Technique

In study 6 a functionally working prototype of a toolkit was made that 
allowed the user to customise a 3D design of a juice press. The toolkit was 
made in 3D Studio Max3 and was self-driven, which means that the user 
had the task to design with it. The user was able to operate the toolkit with 
a set of sliders that could be moved with a mouse. While on the computer 
screen the 3D model of the product would update in real-time. In study 7 
the prototype was again fully functioning but little attention was paid to 
the interface. The toolkit was self-driven and it resembled in some ways 
the first prototype. Study 8 consisted of two toolkit prototypes made in 
Rhinoceros 3D4 and Grasshopper5, which allowed for a far more complex 
functionality as well as a more attention to the design of the user interface. 
In study 9 a so-called chauffeured model was developed where the user 
did not actually use the toolkit to design something, but the process has 
been scripted and the user was simply told where to click. This prototype 
was a visual model and did not function beyond the script. The prototype 
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in study 9 was a stand-alone model while the previous toolkit prototypes 
only worked within the advanced software packages.

Fidelity

The prototypes developed in studies 6 and 7 were lo-fi prototypes; They 
were functioning, but the visualisation and the quality of interaction was 
minimal. The visualisation of the 3D model was basic in the sense that the 
shape was visible, but there was no material expression, surface texture, 
or realistic colours and shading. Furthermore, there was little attention 
paid to the user interface since this toolkit prototype was a quick way of 
exploring how people would use such a toolkit and due to the limitations 
of the software that was used to make these toolkits. The fidelity of the 
prototypes of study 8 was considerably higher than that of the previous 
prototypes due to the use of a more advanced and appropriate software 
package (figure 2-3). The user interface was simple, but more intuitive and 
informative to the user. In study 9 the fidelity, in terms of user interface, 
was high and it looked like a real software package, but in terms of func-
tionality the fidelity was low (figure 2-3). This toolkit was developed in 
Adobe Edge Animate6, a HTML-5 editor suitable for making interactive 
content.

To summarise, prototyping was used as a method of materialising ideas 
and concepts that could be experienced in some way or another. Through 
this experience the users of the prototypes elicited different insights 
compared to qualitative methods such as interviews and questionnaires.

Design Fiction

Design fiction is a method that I used in study 9 (chapter 9), where I 
developed a fictional story consisting of scenarios, personas, a toolkit, and 
objects that were set in a particular future situation. Design fiction is “a 
mix of science fact, design, and science fiction. It is a kind of authoring 
practice that recombines the traditions of writing and storytelling with 
the material crafting of objects” (Bleecker, 2009, p.7-8). It is often used 
to imagine and question a future with technology, as Dunne and Raby 
have done (Dunne & Raby, 2013). Science-fiction writer Bruce Sterling 
says about design fiction: “…when science fiction thinking opens itself to 
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design thinking, larger problems appear. These have to do with specula-
tive culture generally, the way that our society imagines itself through its 
forward-looking disciplines” (Sterling, 2009, p.21). These two quotes illus-
trate what design fiction stands for: futures that are not only told but also 
materialised. This materialisation makes it particularly relevant to design 
research, especially research that concerns physical products. Design 
fiction looks at today’s world and imagines a near-future world, aiming to 
“provoke and raise questions” (Bleecker, 2009, p.8), but also to be critical 
towards the current way of doing things or the current forms and rituals. 
Design fictions “… are propositions for new, future things done as physical 
instantiations rather than future project plans done through PowerPoint.” 
(Bleecker, 2009, p.83). In other words, design fiction materialises futures 
in order to be critical about the present and the future.

Design research, science fiction, and design fiction all have in common 
that they focus on the future, but they create different futures for different 
purposes. Design fiction has the possibility of doing this with a critical 
perspective to not only imagine futures that can be found in polished 
advertisements, but to question the role of technology and its ethics 
and implications. It imagines futures that possess friction to counter the 
technological enthusiasts who bring in new technologies for the sake of 
developing new technologies.

2.5 Human and Technological Actors
The entities that play a role in lay design are the layperson, the professional 
designer, and the toolkit. I adopt the language concept of actor as put 
forward by Latour and interpreted by Verbeek to refer to human as well 
as non-human entities. As Verbeek states: “Actors can be as much human 
as non-human, and networks are not structures but relations in which 
translations take place of entities that assume relations with each other” 
(Verbeek, 2005, p.151). It is productive to use the notion of actor since 
this research focuses on the relation between professional designer and 
layperson where the latter is engaged in the design of everyday products 
by using a toolkit as mediating technology. Besides the aforementioned 
human actors of layperson and professional designer, there are also the 
technological actors, such as the toolkit, the fabrication machines, and 
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many more. However, I choose to focus on layperson and toolkits and 
discuss some working definitions of the terms.

Human Actors
The two human actors that play an important role in this dissertation are 
the professional designer and the layperson. Typically, the layperson is 
a consumer, one who purchases and consumes a proposed solution by 
a designer. However, I argue in this dissertation for an active role of the 
layperson in the design of everyday products. When a layperson uses a 
toolkit to design something, he/she might be referred to as lay designer 
and I use the terms layperson and lay designer throughout this mono-
graph to indicate the person who uses a toolkit to design something.

The other human actor is the professional designer who designs a toolkit 
and design space. Even though I refer to designer in singular form, it typi-
cally comprises a design team with multiple and different professionals 
working together. My reference to designer in the singular is simply for 
the sake of clarity.

The binary distinction between the designer of a toolkit and the user of a 
toolkit is made for the sake of clarity as well, I am not suggesting that there 
is such a well-defined and clear distinction, but rather that I see the role 
of the layperson on a continuum. The notions of designer and layperson 
are abstractions and the main focus in this research lays on the toolkit as 
a mediating technology.

Technological Actor
A toolkit materialises a design space that enables a creative activity. I discuss 
these three terms–toolkits, design spaces, and creative activities–in more 
detail later and elaborate on the relation that they have to each other.

Tools and Toolkits

In this dissertation toolkits are defined as software applications that 
enable users to make, customise, adapt, or design a physical product. I am 
particularly interested in digital-physical toolkits, which are toolkits that 
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have a digital input and a physical output. Toolkits enable the layperson to 
be involved in the design process in a particular way and this technology 
therefore might enable new practices and new relations. I am interested in 
investigating how this–layperson participation–might be done and what 
the implications of it are to design and society at large.

In this dissertation I define a toolkit as an assembly of tools that has a 
particular purpose, for instance, a toolkit aimed at designing chairs (Saul, 
Lau, Mitani, & Igarashi, 2011) or a toolkit for writing text documents such 
as Microsoft Word or Apple Pages. A toolkit is by definition constrained; It 
can be used for certain purposes, but it is limited in its scope (Von Hippel, 
2001). To exemplify the difference between toolkit and tool I make an 
analogy with carpentry. A carpenter carries a toolkit or toolbox, which 
contains certain tools, such as hammer, saw, and chisel. Based on the 
job at hand the carpenter can use these tools for certain tasks, but many 
other tasks cannot be performed using these tools. A toolkit consists of 
a set of tools, where a tool is defined as “something (as an instrument or 
apparatus) used in performing an operation”7. Toolkits and tools can be 
physical, such as the one the carpenter uses, but they can also be digital. 
An example of a digital toolkit is photo editing software, for instance 
Photoshop, which consists of many tools. Photoshop is a very extensive 
toolkit, it consists of many tools which can be combined and used for 
many purposes. For now, I use this common sense definition of toolkit 
and I will revisit this definition in chapter 10 where I discuss it from a 
philosophical point of view.

The interest of this research is digital-physical toolkits, which are toolkits 
that operate in both the digital as well as physical domain. An example is 
a mass customisation toolkit, such as NikeID8, which enables the user to 
customise sports shoes and the outcome is an actual pair of shoes. Besides 
the fact that toolkits can be physical or digital, they can also range from 
concrete to abstract; An example of a more abstract toolkit is IDEO’s 
method cards9. In this research I refer to concrete software applications 
that provide the user with a set of tools to design everyday products.

The definition of toolkits that I put forward is broad; It includes anything 
that allows one to make something. Everyday products or utensils are not 
considered to be toolkits, such as lamps, sofas, laptops, cars, houses, and 



A design: the ultimate particular

Design universe:
ever expanding, shifting and resizing

Determined design space:
looking inside

Undetermined design space: 
looking outside

Figure 2-4: Schema V Design space hierarchy, from design universe, to design spaces 
and the ultimate particular
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so on–the physical products. This research focuses on so-called 3D content 
creation toolkits that enable the customisation, making, or designing of 
everyday products. In chapter 7 I present several studies that analyse and 
discuss toolkits in depth.

Design Spaces

A toolkit can be seen as a materialisation of a design space, or an interface 
to a design space, since a toolkit enables the user to design something; It 
allows the user to interact with design possibilities. A design space, some-
times referred to as solution space, is defined as the space of potential 
outcomes within which the user is able to create a design (Salvador, De 
Holan, & Piller, 2009).

Design spaces have different natures and sizes and a rough distinction can 
be made between determined and undetermined design spaces. A deter-
mined design space has a finite, predefined set of solutions, for example 
the NikeID toolkit, while an undetermined design space does not have 
predefined solutions, for example the open electronics platform Arduino. 
A design space is positioned somewhere in between the universal and the 
particular (schema V, figure 2-4). A design universe is the infinite or poten-
tially expanding space of design, which expands due to new technologies, 
scientific insights, societal developments, and so on. A particular design 
is a single point in a design space and it is a fully determined proposition.

The notion of design spaces is present in today’s design world. A designer 
has a design space to work in since one is always constrained in some way 
or another, perhaps due to the client for whom they work, the available 
manufacturing technologies, or market limitations, etc. The layperson’s 
typical design space is constrained to a space of choices, which might look 
infinite to the layperson, but in reality is determined by the designer.

Creative Activities

Using a toolkit to make something is seen as a creative activity. Dahl and 
Moreau label these kinds of activities as “constrained creative experi-
ences” or “constrained creative opportunities” (Dahl & Moreau, 2007, 
p.357). Constrained is used in a positive sense because being constrained, 
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these activities are suitable for non-professionals. Therefore, I adapt con-
straint in a constructive, positive way, rather than seeing it as a negative 
characteristic.

2.6 Conclusion
In this dissertation I present a particular type of design research, con-
structive design research, which puts the making of things at the centre 
of this work. The methodological structure I used throughout my work is 
open-ended and based upon the objective set out in the initial research 
proposal and the research questions formulated at the beginning of the 
PhD project. Rather than using a problem solving approach, I have chosen 
to leverage opportunities, such as 3D printing technology, to create a 
near-future scenario of lay design and investigate this possible future. I 
developed a sequence of examining, exploring, and investigating while 
the research progressed. I used two different methods, namely qualitative 
methods borrowed from the social sciences and designerly methods such 
as prototyping and design fiction.

Notes:
1: Merriam-Webster dictionary, word: research, www.merriam-webster.com, last visited: 20 July 
2015
2: iD cards, Evans and Pei, 2014, Design Practice Research Group, Loughborough University and 
Industrial Designers Society of America, http://www.lboro.ac.uk/media/wwwlboroacuk/content/lds/
downloads/research/
researchgroups/designpractice/IDSA%20iD20Cards.pdf
last visited: 9 March 2015
3: 3D Studio Max, 3D Modelling and Rendering software, Autodesk, www.autodesk.com/
products/3ds-max/overview, last visited: 12 March 2015
4: Rhinoceros 3D, Robert McNeel & Associates, www.rhino3d.com, last visited: 12 March 2015
5: Grasshopper, algorithmic modelling for Rhino, Robert McNeel & Associates, www.grasshop-
per3d.com, last visited: 12 March 2015
6: Adobe Edge Animate, Adobe, http://html.adobe.com/edge/animate/showcase.html, last visited: 12 
March 2015
7: Merriam-Webster dictionary, search term: tool, www.merriam-webster.com, last visited: 16 
January 2015
8: NikeID, Nike, www.nike.com/us/en_us/c/nikeid, last visited: 16 January 2015
9: IDEO method cards, http://www.ideo.com/work/method-cards, last visited: 20 July 2015





Part I is concerned with the theoretical foundations of this dissertation 
and consists of chapter 3, which focuses on the human actor, and chapter 
4, which focuses on the technology in lay design.

Chapter 3 is concerned with the layperson participating in the design 
process. I discuss post-industrial society, conviviality, prosumption, and 
post-industrial design to position this research and briefly look at the dif-
ferent roles of designer, consumer, and manufacturer within the industrial 
and post-industrial paradigm. I go through different approaches of open-
ing up design, such as mass customisation, that involve the layperson in 
the design process and highlight the concepts and ideas that I have used to 
set up the studies in this research. Finally, I discuss the potential negative 
effects of opening up design.

Chapter 4 is concerned with the role of technology in lay design and 
I discuss theory drawn from the field of philosophy of technology. 
Technological mediation is the central theory that is discussed and used 
in chapter 10 to perform a philosophical analysis of the work that I have 
conducted. This theory is used for an analysis and reflection and it allows 
me to step away from the details and put the studies in perspective.

I

Theoretical 

Foundations





3.1 Introduction
The design process is home to designers as well as many other profes-
sionals, from engineers to business developers to marketeers. The 
layperson traditionally does not take part in the design process in an 
active way, rather they are involved in the product development process 
by designers eliciting their preferences, needs, and desires. In this chapter 
I look at how the layperson has been involved in design by discussing 
several relevant approaches that cater to some sort of layperson involve-
ment or participation in the design process. I discuss approaches that 
originated from industrial design, media design, human-computer inter-
action, as well as bottom-up approaches that have not been initiated by 
professionals per se. This section brings forward the concepts and starting 
points that I used in setting up the studies (chapter 7, 8, and 9). Before I 
discuss these approaches, I position my research in the context of post-
industrial society and contrast this to industrial design’s roots, industrial 
society.

3

Post-Industrial 

Perspective on Society 

and Design
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3.2 Post-Industrial Society
The research presented in this dissertation is situated in a post-industrial 
paradigm and in this section I position my research into a broader his-
torical and societal context in order to communicate the relevance of this 
work as well as to articulate the basic assumptions and values that form 
my perspective.

Post-industrial society, as put forward by Bell, is not concerned with 
growth and efficiency and individual satisfaction, but deals with society 
as a whole and addresses two questions: “the conscious establishment of 
social justice by the inclusion of all persons into society” and “the relative 
size of the public and private sector” (Bell, 1976, p.14). The first issue is 
of particular interest to this research since it aims to democratise design 
by reconstituting the relation between the one in power, the designer, and 
the one who lacks power, the layperson: “The essential division in modern 
society today is not between those who own the means of production and 
an undifferentiated “proletariat” but the bureaucratic and authority rela-
tions between those who have powers of decision and those who have not, 
in all kinds of organizations, political, economic, and social. It becomes 
the task of the political system to manage these relations in response to the 
various pressures for distributive shares and social justice.” (Bell, 1976).

Furthermore, I discuss post-industrial society in this section by giving 
a broad overview of four different paradigms, briefly pointing out the 
differences between the designer, manufacturer, and consumer relations 
in these paradigms, and more specifically discussing industrial society. 
Hereafter, I return to post-industrial society by presenting the notions of 
conviviality and prosumption.

Paradigms and Relations between Designer, Consumer, 
and Manufacturer
Post-industrial society can be positioned within three paradigms that I 
identified based on the criterion industrialisation, which are pre-indus-
trial, industrial, and non-industrial (schema VI, figure 3-1). I use the 
term paradigm to refer to “a philosophical or theoretical framework”1, 
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in other words the prevalent model of thinking and doing. These four 
paradigms can exist at the same time and the potential paradigms are not 
strictly limited to these four types. Throughout the paradigms the roles 
of designer, manufacturer, and consumer have changed and evolved. 
The designer has evolved from a craftsman to an industrial designer. The 
manufacturer as we know it today evolved from a craftsman or maker to 
a mass manufacturer. The layperson evolved from a client to a consumer 
to a user in the design process. I give a brief description of how these 
three parties are related to each other in each paradigm. Note that this is 
a rough sketch that merely functions as an illustration rather than a fully 
developed understanding.

The non-industrial paradigm refers to production and consumption of 
goods that are outside the industrialised system. Examples are the kind of 
work done by makers and DIY enthusiasts–people that design, manufac-
ture, and then consume their own creations–which thus has a non-profit 
character. This kind of activity every now and then has an upswing in 
popularity and an industry has been created around it, the market of 
consumer DIY tools and equipment, but the activity is in essence non-
industrial. I discuss this further in the section “Do-It-Yourself and Maker 
Culture”, in “Opening Up Design” (this chapter).

The pre-industrial paradigm is the era that began before the first Industrial 
Revolution and continues today, in a decreased manner, however. This 
paradigm is characterised by craftsmen who design and fabricate objects 
for clients, often on-demand and to the specifications and needs of the 
client. This is distinctively different from the first category of non-indus-
trial since craftsmen are professionals that specialise in a technique and 
exercise their crafts for profit. Designer and manufacturer are typically 
one and the same person and there is a direct and personal contact with 
the client.

The beginning of the industrial paradigm is marked by the Industrial 
Revolution, or the period from 1760 to 1840, when new, mechanised 
manufacturing processes were invented. For the first time, a far-reaching 
division of labour took place which separated the designer and manufac-
turer from each other; Direct contact with the consumer disappeared and 
products were made in bulk to be sold later, in contrast to the on-demand 
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fabrication of the craftsman. With the arrival of industrialisation, design 
became necessarily a separate activity from production because a single 
craftsman ceased to be responsible for every stage of manufacture from 
conception to sale (Forty, 1986, p.29).

The post-industrial paradigm refers to Bell’s notion of a post-industrial 
society where service becomes more important than manufacturing. In 
a post-industrial society products are again made on-demand and com-
munication with the consumer and client is reinstated. In the following 
section I elaborate on post-industrial society and its characteristics.

The four paradigms that I identified are based on the level of industrialisa-
tion. Another way of dividing would be to use four economic paradigms 
of industrial, experience, knowledge, and transformation economy 
(Gardien, Djajadiningrat, Hummels, & Brombacher, 2014, p.119). The 
fourth paradigm of transformation economy aligns (mostly) with the 
ideas of the post-industrial paradigm in terms of social and ethical 
responsibility and the diminishing dominance of the industrial actor.

Four Key Aspects of the Industrial Society

In order to elicit the characteristics of a post-industrial society, I relate it 
to the current, mainstream paradigm. Industrial society was instigated in 
the 18th and 19th centuries and can be marked by two major moments 
in time, the First Industrial Revolution in the early 1800’s which caused a 
large scale mechanisation followed by the Second Industrial Revolution in 
the second half of the 19th century which caused the automation of pro-
duction of goods. The Third Industrial Revolution, which is on-going, has 
been concerned with the digitalisation of information and communica-
tion and is also referred to as the digital revolution. Information has been 
digitalised by the advent of the computer and the Internet while commu-
nication has been digitalised by the advent of e-mail, voice-over-IP, and 
online chat services. With the advent of flexible manufacturing technolo-
gies such as 3D printing, the time has come for this digital revolution to 
move towards fabrication (Gershenfeld, 2005, p.241). I choose to identify 
industrial society by the following four aspects: mass market, persuasion, 
industrial manufacturing, and consumerism.
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Figure 3-1: Schema VI Relations between designer, manufacturer, and consumer in 
non-, pre-, industrial, and post-industrial paradigms
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Mass Market

Industrial society produces goods and services to serve mass markets and 
in order to deal with these markets, market segmentation is a tool that is 
used, which means that the market is divided into smaller groups that are 
easier to target. Products are pushed to the market by brands and manu-
facturers and by mass marketing through mass media, i.e. the television. 
The continuous segmentation of the mass market eventually leads to the 
smallest possible market, namely the market of one individual (Pine II, 
Peppers, & Rogers, 2000). Mass customisation, as discussed further in 
“Opening Up Design” (chapter 3.5), deals with the market of one on a 
mass scale.

Persuasion

The industrial system produces an abundance of goods that saturate the 
market, therefore persuasion is used by marketeers to talk people into 
purchasing products, whether or not they actually need them. The idea 
is that by making an emotional connection with a product, a desire gets 
fuelled that goes beyond the functional aspects of a product2. Branding of 
products has become a priority for manufacturers and it determines to a 
large extent the market success of a product.

Industrial Manufacturing

Industrial society creates efficiency and growth by employing mass manu-
facturing technologies, a division of labour, and standardisation (De Rijk, 
2010). Furthermore, production of physical goods has moved from the 
West to low-wage countries, mainly in the East. The manufacturing in 
industrial society is centralised and mould-based technologies, such 
as injection moulding, are used to produce a high volume of identical 
products. These products are produced in advance, as in before they are 
ordered, and stored in warehouse facilities before they are shipped to 
stores. In chapter 6 I discuss the relation between design and industrial 
manufacturing.

Consumerism

In industrial society there is a very clear separation between, on the one 
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hand, those who design, develop, produce, and sell products, the pro-
ducers, and, on the other hand, those who purchase, consume, and use 
products, the consumers. The first group knows what people want and 
persuade them into buying things while the latter group only has to 
consume. Consumption is a way of showing one’s social status and this 
phenomenon has been labelled “conspicuous consumption” by sociolo-
gist Thorstein Veblen (Trigg, 2001). The ideology of consumption is an 
integral part of capitalist Western society and has become the mindset of 
many people.

The current paradigm of industrial society is being challenged by a 
number of concerns such as environmental and social sustainability. 
In the next section I continue to discuss post-industrial society and the 
notion of conviviality.

Conviviality
I have characterised industrial society according to four aspects and I will 
continue to deepen the concept of post-industrial society by discussing 
the notion of conviviality (Illich, 1973) to identify the key problems of 
industrial institutions. This is relevant to discuss since lay design chal-
lenges the established professionalism of industrial society and the roles 
of designer and layperson.

Illich’s Concept of Conviviality

A convivial society is “a modern society of responsibly limited tools” (Illich, 
1973, p.6) which means that a convivial society is “both very modern and 
not dominated by industry” and furthermore “it [is] necessary to recog-
nise natural scales and limits” (Illich, 1973, p.6). A convivial society can 
be seen as an opposite to an industrial society; Where the latter focuses 
on growth, efficiency, and consumption, the former is concerned with 
“autonomous and creative intercourse among persons, and the intercourse 
of persons with their environment” (Illich, 1973, p.18). To formulate this 
in my own words, the focus of a convivial society is on personal autonomy 
and on the idea that people can decide for themselves what to do and use 
and how to do and use it rather than being led by an industry. A key char-
acteristic of a convivial society is multiplicity: “What is fundamental to a 
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convivial society is not the total absence of manipulative institutions and 
addictive goods and services, but the balance between those tools which 
create the specific demands they are specialised to satisfy and those com-
plementary, enabling tools which foster self-realisation” (Illich, 1973, p. 
32). This means that, contrary to an industrial society where there is only 
one dominant mode of production, a convivial society allows for multiple, 
alternative modes of production.

Illich puts forward the idea of tools for conviviality, which he defines as 
“Tools [that] can be easily used, by anybody, as often or as seldom as 
desired, for the accomplishment of a purpose chosen by the user” (Illich, 
1973, p.30) and he defines tools in a very broad sense, basically anything 
that is man-made, whether it be artefacts, policies, road networks, or 
school curricula (Illich, 1973, p.28). This definition of tools is different 
from the way I define tools and toolkits in this dissertation (“Toolkits and 
Design Spaces”, chapter 2), and from here on I use my own definition.

The Problem of Industrial Institutions

The problem of industrial institutions is professionalisation which turns 
means into ends. According to Illich, institutionalisation takes place in 
two stages and he illustrates this by using the practice of medicine as 
an example. The idea is that practices become institutionalised with the 
consequences that they can only be practiced by professionals and they 
become bureaucratic, therefore no longer serving the needs of the people. 
In the case of medicine, people are not free to “declare themselves sick” 
and “society now accepts their [the people’s] claims to sickness only after 
certification by medical bureaucrats” (Illich, 1973, p.13). The first stage of 
institutionalisation is a positive contribution of a profession or an industry 
to a social phenomenon; For example, medicine improved people’s 
health by developing cures for treatable sicknesses. In the second stage, 
a monopoly is created by the industry. The industry still claims progress, 
but is more concerned with maintaining the monopoly it has established. 
In medicine, maintaining the monopoly is achieved by expanding the 
range of professions: “…more conditions were defined as needing treat-
ment by creating new specializations or paraprofessions to keep the tools 
under the control of the guild” (Illich, 1973, p.9). The crisis of all industrial 
institutions, according to Illich, whether it be education, the mail, social 
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work, transportation, civil engineering, or, in the case of medicine, is that 
“It results from the development of a professional complex supported 
and exhorted by society to provide increasingly ‘better’ health, and from 
the willingness of clients to serve as guinea pigs in this vain experiment” 
(Illich, 1973, p.13).

Five Dimensions of the Balance of Life

A convivial society is concerned with the balance of life, which can be 
under attack by the efficiency of industrial institutions. Illich identifies five 
dimensions that could harm this balance: biological degradation, radical 
monopoly, over-programming, polarisation of power, and obsolescence 
(Illich, 1973, p.90). I briefly discuss each of these dimensions and relate 
them to design specifically.

Biological degradation is about the imbalance between man and environ-
ment and is caused by three aspects, namely overpopulation, excessive 
affluence, and faulty technology (Illich, 1973, p.59). In regard to design, 
there is a gap between the context of design and the context of use, 
and lay design tries to bridge this gap in a way that might decrease this 
degradation.

A radical monopoly is the dominance by one product or by one mode of 
production that restricts the consumer’s choice and excludes non-indus-
trial activities (Illich, 1973, p.62). It “imposes compulsory consumption 
and thereby restricts personal autonomy” (Illich, 1973, p.63), which 
means that people are force-fed something and are not allowed or enabled 
to do something else. To relate this to design, consumer electronics are 
designed and manufactured in a way that restricts consumers and even 
professionals from opening them up and repairing them.

Over-programming is concerned with the balance of learning, which is 
distorted in the industrial society: “People know what they have been 
taught, but learn little from their own doing. People come to feel that 
they need ‘education’.” (Illich, 1973, p.70). In today’s society learning has 
been transformed into education which “paralyzes man’s poetic ability, his 
power to endow the world with his personal meaning” (Illich, 1973, p.72). 
This implies that lay design, people doing design, is not so easy since one 
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has to shift from a passive mode of consumption of goods and education 
to an active mode of learning and doing.

Polarisation of power concerns the widening gap between the powerful, 
the ones in control of industrial institutions, and the powerless, the ones 
that do what is dictated by these institutions. One of the causes of this 
widening gap is the centralised control over production (Illich, 1973, p. 
82). Digital fabrication seems to enable distributed fabrication, which is 
discussed in “Post-Industrial Fabrication” (chapter 6).

Obsolescence and product elaboration are both aspects of over-efficiency. 
To constitute a convivial society would mean to adopt “…labour-intensive 
tools, but not the regression to inefficient tools” (Illich, 1973, p.86). Illich 
discusses this in relation to product design: “Products cannot be improved 
unless huge machines are retooled and in the technical sense engineers 
have given this word” (Illich, 1973, p.87) and the only way this is economi-
cally feasible is to approach mass markets with the new product. Digital 
fabrication technologies, such as 3D printing, can overcome the problem 
of obsolescence since they require neither retooling nor addressing 
mass markets. Obsolescence and the acquisition of the latest model is 
coupled with one’s social status in society: “Individuals are socially graded 
according to the number of years their bill of goods is out of date” (Illich, 
1973, p.87). This means that in today’s society people are persuaded to 
purchase new products in order to keep up or increase their social status 
and this is driven by a manufacturing system that can only produce in 
large volumes.

Prosumption and Value Creation
The last aspect of post-industrial society that I will discuss concerns the 
roles of the designer and layperson, I discuss these roles by using the 
notion of prosumption as put forward by Toffler (Toffler, 1980, p.266) and 
investigated by others, such as Kotler (1986). Prosumption, as I pointed 
out with the analogy between the music and design industry in chapter 1, 
is the combination of production and consumption by the layperson, who 
is referred to as prosumer. It is argued that prosumption existed before pro-
duction and consumption all together: “Humans are by their very nature 
prosumers e.g., those in hunting and gathering societies are best thought 
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of as prosumers” (Ritzer, Dean, & Jurgenson, 2012, p.380). Advocates of 
prosumption point out two errors in relation to the way is thought about 
in terms of production and consumption; First, they criticise the distinc-
tion between production and consumption itself; Second, they criticise 
the fact that it is seen as a binary choice between these two (Ritzer et 
al., 2012, p.381). Prosumption takes place on a continuum of production-
consumption and numerous examples are available of consumption 
where the layperson is also engaged in some form of production, whether 
in constructing an experience in a theme park or cleaning up one’s waste 
in a fast-food restaurant.

The motivation for consumers to engage in prosumption is self-fulfilment 
(Cole, 2011, p.457) and they are less or not at all concerned with making 
a living out of it. Cole defines a prosumer as someone who transcends 
the hobbyist or DIY enthusiast, but is not at the level of the professional. 
He illustrates prosumption in the field of music recording by the advent 
of project studios, recording studios at people’s homes that consist of 
prosumer and professional equipment and are designed for personal as 
well as commercial use (Cole, 2011, p.456). Prosumption, in the case of 
music recording, has changed the structure of the field even though the 
music industry is still very powerful (Cole, 2011, p.459) and therefore this 
examples shows that prosumers do have some power as Toffler claimed: 
“prosumers change the nature of economic social conflicts” (Cole, 2011, 
p.458).

The value that is created by prosumption is typically use value, which 
is value created in the use phase and only applicable to the person who 
produced it in contrast to exchange value, which is the kind of value that 
is created when a product is sold to a consumer (Humphreys & Grayson, 
2008, p.8-10). According to Humphreys and Grayson, the role of the 
consumer only changes when they start to produce exchange value for 
companies; If they remain producing only use value, nothing changes 
in an economical sense (Humphreys & Grayson, 2008, p.9). Lay design 
certainly produces use value and it might also produce exchange value; 
However, it is not clear whether this is always the case. Therefore, I discuss 
the differences in logics and orientation between these two types of value. 
Use value is located in “the sphere of consumption” (Humphreys & 
Grayson, 2008, p.12), which is intrinsically orientated towards the needs 
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of an user, while exchange value is extrinsically oriented and embodies 
“social values and preferences” (Humphreys & Grayson, 2008, p.12). Use 
value is created in what Toffler has called sector A, which is the sector of 
unpaid work, while exchange value is located in sector B, which consists 
of production (Toffler, 1980, p.266-267).

Since products that are produced with exchange value “reproduce social 
order”, products with use value could be more critical and potentially chal-
lenge existing values (Humphreys & Grayson, 2008, p.12). Furthermore, 
the bonding with products in the use value sphere is stronger and con-
tributes to a more sustainable pattern of consumption since the product 
is more meaningful to the consumer (Humphreys & Grayson, 2008, 
p.12). Finally, the consumer taking over exchange value steps could also 
turn into the exploitation of the consumer in the sense of free labour. It 
becomes an ethical issue whether or not prosumption is actually a step 
forward for all or solely for companies.

3.3 Post-Industrial Design
To concretise the ideas of a post-industrial society, I present an outline of 
post-industrial design in terms of five aspects, namely production, con-
sumption, role of designer, role of layperson, and the enabling technology. 
Hunt identifies four characteristics of post-industrial design, namely 
formless, free, metabolic, and decentralised (Hunt, 2005, p.4). I adopted 
these and where possible mapped them onto the five aspects that I find 
critical to describing post-industrial design. The five main characteristics 
of a post-industrial production-consumption scenario are: production 
becomes local and on-demand, consumption is done through markets 
of one, the role of the designer is one that is concerned with designing 
openness, the role of the layperson is concerned with appropriation, and 
finally this is all enabled by using code to create variable form.

Production: Local and On-Demand
Production in a post-industrial society becomes local and on-demand 
in contrast to the centralised mode of production of industrial society. 
On-demand production with many small locations allows for faster 
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adaptation to the local context and the changing needs of users. This 
is enabled by flexible production technologies which not only make it 
possible to produce on-demand, but also to produce one-offs, as is dis-
cussed in chapter 6. Hunt describes this as environmental, culturally, and 
fiscally sustainable. For companies, post-industrial design changes the 
way they do business: “No longer will companies rely upon imprecise sta-
tistical models and historical projections to determine the quantity and 
quality of the things they make” (Hunt, 2005, p.2). I discuss the possibili-
ties and advantages of digital fabrication technology in chapter 6.

Consumption: Markets of One
Post-industrial design is based on the idea that markets are no longer mass 
markets of many consumers that purchase the same products that have 
been designed and manufactured with a one-size-fits-all approach. The 
market is now decentralised and there are only markets of one (McKenna, 
2000), a phenomenon that has also been labelled “the long tail” (Anderson, 
2004). One consumer is a market for one specific product that is designed 
and manufactured for and by him/her. Gershenfeld said about personal 
fabrication and consumption: “Individual needs are unlikely to be met by 
products aimed at mass markets. A truly personal computing device is by 
definition not mass-produced, or even mass-customised; it is personally 
designed” (Gershenfeld, 2005, p.21). The markets of one is a basic starting 
point that I used in studies 6 to 9 where the layperson designed objects 
primarily for his/her own consumption.

Role of Designer: Designing Openness
The task of the designer changes from designing static, finished objects 
to designing systems that can be manipulated by their users: “The result 
is that designers will no longer dictate form from the system’s centre and 
then foist their wares upon a passive marketplace. Instead, more and more 
design will be a code and a set of parameters” (Hunt, 2005, p.1). Hunt con-
tinues: “that code will then be let loose in an electronic ecosystem so that 
it can be manipulated, changed, improved, hacked…” (Hunt, 2005, p.1).
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Role of Layperson: Appropriation in Design and Use
The role of the layperson is concerned with appropriation as argued for by 
everyday design (Wakkary & Maestri, 2008) where the layperson becomes 
active in the design of everyday products, both in design as well as in 
use time. A blurring boundary between production–design time–and 
consumption–use time–due to the active participation of the layperson is 
already being seen in the digital world where non-experts are becoming 
contributors of content through readily accessible computer software and 
the Internet. Web 2.0 is a term used to describe active consumers creating 
content through wikis, blogs, and social media. An attempt in the physical 
world is mass customisation, as discussed in “Opening Up Design” (this 
chapter), which strives to produce unique products by involving the lay-
person to express his/her needs. Hunt describes this as “customized to the 
user’s idiosyncrasies” (Hunt, 2005, p.4).

Variable Form Enabled by Code
The form of products in post-industrial design is that they are variable. 
Whereas industrial design excelled at producing static objects, post-
industrial design is focused on creating forms that are malleable or 
adaptive, or as Hunt describes, formless: “Products will shape-shift inter-
nally to the point that we can only celebrate the system of their creation, 
not the thing itself ” (Hunt, 2005, p.4). By using code and digital fabrica-
tion technologies, such as 3D printing, objects can be variable and exist 
in many instances. A product can be represented as an algorithm, which 
is basically a set of rules, that depends on the context. The variability 
is enabled by digital fabrication technologies, such as 3D printing, and 
software and programming languages that allow one to develop compu-
tational geometry, as will be discussed in chapter 5. More importantly, 
however, the need for this variation is urged by layperson participation in 
the design of everyday products. I developed the use of code as a design 
material and investigate it in chapter 5.
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3.4 Current Roles of Designer and 
Layperson
The aim of this research is to investigate how the role of the designer and 
layperson changes when the layperson becomes an active participant in 
the design of everyday products (“Objective and Scope”, chapter 1). To be 
able to articulate how their roles change, I provided a general definition 
of how I see the role of the designer and the layperson today. I described 
the role of the professional designer as one who designs products that are 
used by consumers and characterised this role in terms of eight aspects. I 
described the role of the layperson as one who uses a product and poten-
tially also designs it, in a marginal and perhaps unconscious way, in use 
situations. These definitions are the current industrial society definitions 
and the roles of designer and layperson in a post-industrial society are the 
subject of this research and were investigated through the work presented 
in the chapters 7 to 10.

Industrial Designer: Design for Consumption
Industrial designers are concerned with designing for people by placing 
the future user in the centre and trying to get insights about a user’s needs, 
preferences, likes, dislikes, and habits in order to design products that best 
fit the user. Industrial design is concerned with designing products for the 
masses that are produced with mass production technologies. Therefore, 
industrial design is rooted and even dictated by the rules of industrial 
manufacturing systems; I discuss this further in chapter 6.

The design process and the role of the designer have been the attention of 
much research and have been documented and described by, for instance, 
Cross in Design Thinking: Understanding How Designer Think and Work 
(Cross, 2001). On a more practical level, many methods have been devel-
oped for education such as the Integrated New Product Development 
method of Buijs and Valkenburg (2005).

The role of the industrial designer has been changing over almost every 
decade since the 1950’s (Valtonen, 2007, p.279-306). The designer was 
seen in the 1950’s as an artist, as the individual creator that had full control 
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over the design process and the product. From there, the role changed to 
the designer as part of a team with other professionals, to the designer that 
focused on the end-user and concerned with ergonomics and usability, 
to the designer as coordinator concerned with product portfolios, to the 
designer focusing on user experience, and finally in strategic terms to the 
designer concerned with innovation. This changing and expanding role of 
the industrial designer shows that there is no simple definition of what a 
designer does in practice, let alone how one does it. One aspect that has 
remained constant after the designer-as-creator phase, is that industrial 
designers have always been working with other professionals in the design 
process. Whether these are engineers, marketeers, or business developers 
to name a few, designers are used to working with other professionals that 
bring their own expertise to develop products and services. The inclusion 
of the non-professional, the layperson, in the design process goes beyond 
the typical activities of traditional collaboration, such as user tests, focus 
groups, and co-design workshops.

Even though the role of the designer is diverse, I characterised it according 
to eight aspects that I think are key in describing what the role of an indus-
trial designer is in today’s society. This is a working description that can be 
used in a pragmatic way rather than a fully developed one.

 › A designer deals with solving problems or leveraging opportuni-
ties. The problems with which designers deal are so-called wicked 
problems (Rittel, 1973, p.160), which are problems that are ill-defined 
and the solving which is therefore not straightforward. Designers 
can also leverage opportunities, such as technological opportunities, 
and envision and move towards desired states rather than reacting to 
specific problems at hand.

 › Design is about intentional change, “that-which-is-desired-to-be” 
(Nelson & Stolterman, 2012, p.107).

 › Design is about the not-yet-existing reality; A designer imagines 
a future state and communicates this with the other professionals 
involved in the process and with the future users (Nelson & Stolterman, 
2012, p.36).

 › Designers make judgments, often based on incomplete information. 
It is impossible to have a design problem completely analysed and 
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know everything about it since it is a wicked problem and yet there are 
always contradictory trade-offs (Nelson & Stolterman, 2012, p.139). 
Making good judgements is difficult and one gets better at it with 
experience.

 › Designers are in service, which means that one designs for someone 
in a particular situation (Nelson & Stolterman, 2012, p.48).

 › Design is a reflexive practice which means that designers reflect-
in-action and reflect-on-action (Schön, 1987, p.44) and it has been 
described that the designer has a dialogue with the material.

 › Every design process is iterative; A designer iterates to find and give 
shape to objects, from sketching to prototyping and so on.

 › Design deals with real-world complexity and the ultimate particular 
(Nelson & Stolterman, 2012, p.31).

Layperson: Design-in-Use
The role of the layperson in design is typically a passive, reactive one where 
the main task is to accept or reject a proposed solution, and the agency of 
a layperson does not go beyond the purchasing decision. When I use the 
term layperson I refer to the person who does not design in a professional 
capacity, who is currently also labelled as consumer, customer, user, or 
end-user, as discussed in the section “Human and Technological Actors” 
(chapter 2). The layperson, once participating in the design process by 
using toolkits, becomes some sort of designer; Therefore, he/she could be 
called lay designer. One could argue that the layperson has always been 
involved in the design of products, namely in the use of products through, 
for instance, modular product design and in a more unobtrusive way by 
appropriating objects in the everyday context.

Modular product design is an approach that allows the user to configure, 
or design, a product in use time (Kratochvil & Carson, 2005). An example 
of modular product design is office furniture, which is often designed to be 
flexible in its use; The exact configuration of desks, drawers, cabinet space, 
and book shelves can often be ‘designed’ by the employees in the office. 
This flexibility is an advantage for the user as well as for the designer since 
he/she does not have to know exactly how one might use it. On the other 
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hand, modularity brings along complexity in the sense that the modules 
have to be compatible, and especially in electronics or other more critical 
applications this might be difficult because the way of configuring the 
modules must also be intuitive so that users can do it themselves.

Everyday Design is a research concept that deals with design-in-use and is 
concerned with the appropriation of objects by its users (Wakkary, 2009, 
p.15). Everyday design is a low-key design activity that is often overlooked 
since the phenomenon is so common and pervasive that it might be hard 
to notice. It relates to and partly overlaps with the approach of adhocism, 
which I discuss in chapter 5.

3.5 Opening Up Design
Design has been opening up and this has had an effect on the roles of 
the designer and layperson. Several movements aimed to bridge the gap 
between production (design) on the one hand and consumption (use) on 
the other hand. In each of these, which I refer to as approaches to opening 
up design, the role of the designer as well as the role of the layperson has 
its own characteristics and qualities. The aim of this section is to point out 
several of these approaches that have informed this research and I discuss 
which concepts I used to set up my studies.

The approaches that are discussed in this section all cater to the active role 
of the layperson in the design of products. The following five approaches 
are discussed: mass customisation, co-design, meta-design, open design, 
and the DIY approach and maker culture (table 3-1). I limit myself to 
these five approaches since I drew from them in my research and they 
are therefore relevant to discuss. Other approaches, such as tailored or 
bespoke products, are beyond the scope of this section since the layperson 
does not have an active role in them; He/she does not design him/her, but 
rather informs the designer who designs the object. This is also true for 
crowd sourced projects where the layperson is the investor rather than the 
designer of the object. An elaborate classification of consumer involve-
ment in new product development is discussed by Sinclair and Campbell 
(2014). For each of the five approaches I discuss the origins, characteris-
tics, and the roles of the designer and layperson.



Opening up
approaches

Focus Role of designer (D),
Role of layperson (L)

Mass
customisation

Customising appearance of 
consumer products

D: Designer of confi gurator 
(toolkit)
L: Confi gurator

Co-design Collaborative creativity
through workshops often focus-
ing on intangible design issues

D: Facilitator

L: Participant
Meta-design New media and software

environments
D: Meta-designer, of collaborative/
open software tools
L: Power-user, continuum from 
passive consumer to meta-design-
er

Open design Releasing blueprints and 3D 
models for others to alter and 
built upon

D: Product designer

L: Maker, amateur designer
Do-It-Yourself 
and Maker 
Culture

Making for own use and
sharing with other enthusiasts

D: Developing tools and
platforms, facilitator

L: Maker, hobbyst

Table 3-1: Overview of the five approaches of opening up, which are discussed in section 
3.5, with their focus and the role of the designer and layperson
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Mass Customisation
Mass customisation is an aggregation of mass production and customi-
sation and it aims to produce products that meet individual’s needs and 
that can be produced in an efficient way (Davis, 1987; Tseng & Jiao, 
2001). It tries to overcome the distance between the consumer and the 
designer, or between the context of use and the context of design, created 
by industrialisation and mass production. Designers typically try to 
identify consumer needs in the beginning of a design project. This so-
called sticky information (Von Hippel, 1994, p.429) is difficult to extract 
from the consumer; Therefore, mass customisation enables consumers 
to configure a product themselves. The logic of mass customisation is 
based on the idea of market segmentation. In industrial society a market 
is either approached as a whole, the mass market, or as a segment that 
can be more clearly defined and thus approached in a more efficient way. 
Mass customisation is rooted in industrial society and basically tries to 
turn the rigid industrial manufacturing and logistics systems into more 
flexible and adaptive ones. Another term used for mass customisation is 
personalisation and it deals with customising mostly the appearance of 
products (Mugge, Schoormans, & Schifferstein, 2009, p.79). Examples of 
mass customisation offerings can be found in a benchmark study which 
compares 500 companies that all offer customisation of a range of different 
consumer products (Walcher & Piller, 2012) or in an online database that 
collects mass customisation offerings3.

Mass customisation relies on three capabilities that a company needs to 
possess, namely design space development, robust process design, and 
choice navigation, according to Walcher and Piller (Walcher & Piller, 2012, 
p.5), or elicitation, process flexibility, and logistics (Zipkin, 2001, p.82-84). 
Design space development concerns the capability that a company needs 
to identify the needs of consumers and especially that “a mass customiser 
has to identify the product attributes along which consumer needs diverge 
the most” (Walcher & Piller, 2012, p.5). The second capability concerns 
the supply chain of the company. Mass customisation tries to produce 
unique products with near-mass production efficiency so that the costs 
of producing unique products should be as close to mass production as 
possible. The third capability is choice navigation, which means that a 
company should support the consumer in navigation through a design 
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space.

Mass customisation is typically done through a configurator or toolkit. 
Von Hippel identifies the main characteristics of such “toolkits for user 
innovation” that aim to “transfer design capability to the user”; These 
characteristics are: a toolkit enables the user “to carry out complete cycles 
of trial-and-error learning”, offers the user “a solution space that encom-
passes the designs they want to create”, is “user-friendly in the sense that 
users do not need to engage in much additional training to use them 
competently”, “contain[s] libraries of commonly-used modules that the 
user can incorporate into his or her custom design” and finally “ensure[s] 
that custom products and services designed by users will be producible 
on manufacturer production equipment without requiring revisions by 
manufacturer-based engineers” (Von Hippel, 2001, p.250-251).

Consumers benefit from product variation because their needs are het-
erogeneous and product variety increases consumer satisfaction. It is 
safe to say that today there is an abundance of products with such a high 
variety that it could confuse and overwhelm consumers. Mass confusion 
depicts too much choice in a mass customisations setting (Huffman, 1998, 
p.491-513)�. Too much choice could have negative consequences on the 
decision making and ultimately the satisfaction of the layperson, who 
may feel overwhelmed (Jacoby, Speller, & Berning, 1974, p.33) or different 
forms of regret (Schwartz, 2004, p.147-165), or that they are missing out 
on other opportunities (Schwartz, 2004, p.117-146).

The role of the designer in mass customisation can be characterised as 
setting the constraints of a design space. In other words, the products 
developed in mass customisation are mass produced and they often try to 
create variety in a way that a mass production system, which excels in pro-
ducing homogenous products, can handle. Furthermore, the configurator 
is also part of the designer’s task, which deals with the way the options are 
presented and the level of consumer input.

The layperson is charged with the task of configuring a product to his/her 
needs. However, it is exactly this configuration that makes the approach 
of mass customisation problematic. Tsigkas and Papantonoui argue 
that mass customisation deals with configuration and individuation of 
products rather than with personification, and therefore mass customised 
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goods are not truly personal objects (Tsigkas & Papantonoui, 2009). In 
other words, a product is personified when “the product does not exist 
without its owner” (Tsigkas & Papantonoui, 2009, p.6). Configuration, on 
the one hand, is defined as “a method to create a being without genuine 
individuality originated from its user or creator” and individuation 
is defined as “a method in order to create a being reaching eponimity, 
but not necessarily owing this eponimity to the personality of its user or 
creator” (Tsigkas & Papantonoui, 2009, p.5-6). Both ways create unique 
objects but without having these objects inherently related to their creator, 
the consumer. Personification, on the other hand, is a “method to turn 
eponymous beings into personalities that inherit all their attributes from 
its individual users or creators” (Tsigkas & Papantonoui, 2009, p.5-6), 
which means that if objects are personified, they possesses the personality 
of their creator, in this case the consumer. The shift from configuration to 
individuation to personification constitutes a shift “from mere informa-
tion to an ever richer body of knowledge” (Tsigkas & Papantonoui, 2009, 
p.4). Furthermore, the added value, which in industrial society is located 
in manufacturing, is knowledge and is therefore located in design. This 
idea is referred to as knowledge-based economics: “Production will be a 
service and not any more a driver for adding value. The centre of gravity 
for adding value is transposed towards the one that designed and away 
from the one that produces” (Tsigkas & Papantonoui, 2009, p.7).

To conclude, mass customisation is an approach which aims to produce 
unique objects by enabling consumers to configure products to their 
individual needs and preferences. The problematic aspect of mass cus-
tomisation is that it is rooted within the industrial manufacturing system 
and that it deals with customisation rather than with personification of 
goods that fully relate to their creator.

Co-Design
Participatory design and cooperative design, also known as co-design, 
have similar roots and are basically two names for the same thing used 
in different areas and times in the world. Participatory design is the 
Scandinavian approach whereas the name co-design is commonly used 
in North-America.
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Participatory Design

Participatory design has a democratic foundation and aims to involve all 
stakeholders in the design process by empowering the user. It has its roots 
in Scandinavia and emerged in the 1970’s when it was established as an 
approach to deal with software and computers in the work environment, 
such as the Utopia project (Ehn, 1988; Bødker, Ehn, Sjögren, & Sundblad, 
2000).

The three main issues explored in participatory design are the politics of 
design, the nature of participation, and the method, tools, and techniques 
for doing design projects (Kensing & Blomberg, 1998, p.168). The politics 
of design is concerned with the democratisation of the design process 
in terms of power and resources, social constraints, and the idea of 
designing tools for skilled work. Five basic requirements are identified for 
participation, these are “Access to relevant information”, “The possibility 
for taking an independent position on the problems”, “Participation in 
decision making”, “The availability of appropriate participatory develop-
ment methods” and “Room for alternative technical and/or organisational 
arrangements” (Kensing & Blomberg, 1998, p.172). The third issue of 
method, tools, and techniques that is explored in participatory design is 
concerned with principles of organisation such as developing a common 
understanding and prototype of new systems (Kensing & Blomberg, 
1998, p.174), tools, and techniques such as observations and interviews 
(Kensing & Blomberg, 1998, p.175).

A related approach is Computer-supported Cooperative Work (CSCW) 
which deals with supporting people in their work environment by using 
computer systems (Kensing & Blomberg, 1998, p.180). For an extensive 
overview of participatory design, see Participatory Design: Principles 
and Practices (Schuler & Namioka, 1993) and Routledge International 
Handbook of Participatory Design (Simonsen & Robertson, 2013).

Designing with People

Cooperative design is an approach that focuses on the participation of 
users, or consumers, in the design process and it focuses on the front end 
of this process, which is also referred to as fuzzy front end (Buur & Larsen, 
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2010; Sanders & Stappers, 2008). Co-design aims to establish a “practice 
of collective creativity” (Sanders & Stappers, 2008, p.7) and is based on 
the assumption that all people can be creative (Sanders & Stappers, 2008, 
p.9). The value of co-design is not only monetary, but also experiential 
and societal, and can be created through the participation of the layperson 
(Sanders & Simons, 2009, p.3). Sanders and Stappers, who are proponents 
of co-design, adhere to the notion of conviviality as put forward by Illich 
(Sanders & Stappers, 2014a, p.6-7), discussed earlier in this chapter.

The user in co-design is seen as “expert of their experiences” (Sanders & 
Stappers, 2008, p.12), meaning that people are the best at knowing what 
it is they need in their everyday lives. The role of the user can be seen 
in terms of creativity on four levels, namely doing, adapting, making, 
and creating where doing is concerned with “getting something done”, 
adapting with “making things my own”, making with “mak[ing things] 
with my own hands”, and creating with expressing one’s own creativity 
(Sanders & Stappers, 2008, p.12). The professional designer, from a co-
design perspective, “make[s] the tools for non-designers to use to express 
themselves creatively” (Sanders & Stappers, 2008, p.14), as the scope and 
complexity of design problems increases. The role of the researcher is 
that of facilitator through either leading, guiding, providing scaffolds, or 
offering a clean slate that corresponds to the four levels of creativity of the 
user (Sanders & Stappers, 2008, p.14). Popular methods in co-design are 
context mapping, which focuses on mapping “the environment of human-
computer interaction” (Visser, Stappers, Van der Lugt, & Sanders, 2005, 
p.121) and probes, which are “design-oriented user research toolkits that 
are based on self-documentation” (Mattelmäki, 2005, p.83).

Co-design deals with designing with people, which is a shift from a few 
decades ago when designers designed for people. The next phase is specu-
lated to be designing by people (Sanders & Stappers, 2014b, p.25). Sanders 
and Stappers see co-design moving from the second stage to the third stage, 
where it is about engaging people in the design process. A few aspects of 
design by people that are speculated by the authors are that everyone will 
be designing and design will be a collective activity and “People from all 
walks of life [will] understand what designing means and [will be able 
to] choose to become involved as participants or catalysts in the process” 
(Sanders & Stappers, 2014b, p.31-32). The professional designer is also 
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speculated to be “The people whom we currently call designers [will be] 
the toolmakers, making the tools and providing the materials the rest of 
us [will] use to imagine and express our collective ideas about future expe-
rience” (Sanders & Stappers, 2014b, p.33).

Meta-Design
Meta-design is an approach that involves the layperson mainly in the 
design of new media and software and it “characterises activities, proc-
esses, and objectives to create new media and environments that allow 
users to act as designers and be creative” (Fischer & Scharff, 2000, 
p.396). Meta-design is “a vision in which design, learning and develop-
ment become part of everyday working practice” (Fischer, Giaccardi, Ye, 
Sutcliffe, & Mehandjiev, 2004, p.1) and it could be seen as an approach 
that aims for “designing the design” (Giaccardi, 2005, p.342).

The aim of meta-design is to promote an active consumer stance in 
contrast to the prevalent passive stance in today’s industrial society 
oriented towards mass consumption. Therefore, the question has been 
raised: “What would it mean to create intrinsically motivating computa-
tional environments?” (Fisher, 1998, p.3). The need for convivial tools has 
been identified: “Convivial tools allow users to invest the world with their 
meaning, to enrich the environment with the fruits of their vision and to 
use them for the accomplishment of a purpose they have chosen” (Fischer, 
1998, p.2); And “Convivial systems encourage users to be actively engaged 
in generating creative extensions to the artefacts given to them and have 
the potential to break down the strict counterproductive barriers between 
consumers and designers.” (Fischer, 1998, p.2).

The two challenges for meta-design are on a technical and a cultural level. 
The technical problem is concerned with closed systems, which cultivate 
a separation between design and use whereas the cultural problem is 
concerned with the current consumer mindset, which needs to be turned 
towards being-a-designer mindset (Fischer & Scharff, 2000, p.397). This 
has been summarised in the role that new media has to play, which is “…
not to deliver pre-digested information to individuals, but to provide the 
opportunity and resources for social debate, discussion, and collaborative 
knowledge construction” (Fisher & Scharff, 2000, p.397). Software and 
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new media have advanced a lot in the recent decade and the advent of 
web 2.0 leverages the consumer as an active generator and contributor 
of content through platforms like Wikipedia, YouTube, Vimeo, Etsy, 
Soundcloud, and Thingiverse, to name a few examples.

Five Concepts of Meta-Design

The five concepts of meta-design are convivial tools, domain-orientation, 
open and evolvable systems, underdesigned systems, and collabora-
tive work practices (Fischer & Scharff, 2000, p.397), which I will briefly 
explain and discuss. Convivial tools are tools that allow people “to invest 
the world with their meaning” and to accomplish a purpose that they have 
chosen (Fischer & Scharff, 2000, p.397). Domain-orientation means that 
the software environment should be focused on a particular domain so 
that the layperson can modify the software within that domain. Open and 
evolvable systems diminish the strict separation between design time and 
use time and this could solve the discrepancy that exists today “because 
problems cannot be completely anticipated at design time (…), users at use 
time will discover mismatches between their problems and the support a 
system provides” (Fischer & Scharff, 2000, p.398). Underdesigned systems 
enable and stimulate users to design in use time. Finally, collaborative 
work practices means that designers should “support design communi-
ties and the emergence of power users” where power users are located 
approximately half way on the spectrum between passive consumer and 
meta-designer.

Meta-design argues for a continuum rather than the binary choice between 
designer and consumer where a layperson could be involved on different 
levels, from passive consumer, to active consumer, to end-user, to user, 
to power-user, to domain designer, to system designer, to meta-designer 
(Fischer & Scharff, 2000, p.403).

End-User Development and Creativity Support Tools

End-User Development (EUD) or End-User Programming (EUP) is an 
approach originated in software development and can be seen as a pred-
ecessor to meta-design. The end-user is a non-professional, or layperson, 
that is involved in developing software. It has been concerned with 
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investigating different methods of programming, from application-specific 
languages, to programming by example, to visual and natural program-
ming. Literature that covers this area includes, for instance, Your Wish 
is My Command: Programming by Example4 and End User Development 
(Lieberman, Paterno, Klann, & Wulf, 2006). Creativity Support Tools is 
a related concept that focuses on involving the layperson in the devel-
opment of software systems, as described in the work by Shneiderman 
(2002).

Meta-design is focused on software development; However, some of the 
concepts of meta-design can be used when investigating lay design. These 
concepts are open, evolvable system, design time-use time, domain focus, 
and seeing the role of the layperson on a continuum between professional 
designer and passive consumer.

Open Design
Open design is an approach that encourages the modification of designs by 
others than the designers of the objects and it has been defined as “design 
whose makers allow its free distribution and documentation and permit 
modifications and derivations of it” (Abel, Evers, Klaassen, & Troxler, 
2011, p.11) and it “oppose[s] the maintenance of intellectual property 
or trade secrets” (Vallance, Kiani, & Nayfeh, 2001, p.3). Open design is 
a loosely defined term that incorporates many different approaches and 
perspectives. In this section, I stick to the aforementioned narrow defini-
tion, even though some might argue that, for instance, mass customisation 
is also part of open design.

The open design movement is strongly inspired by open-source software 
where the source code of software is made available under a certain 
license, for instance Apache5 or GNU6, so that others can build upon the 
code and improve or extend the software. Open design, in contrast to 
open-source software, is concerned with physical products that can be 
produced by digital fabrication technologies and it often uses the Creative 
Commons7 license to deal with the rights of a design. In contrast to mass 
customisation, where the producer retains strict control over the design, 
in open design the designer lets go of the design and does not know what 
others will do with it. Open design has an idealistic character and it is also 
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closely related with DIY practices and the maker culture. However, there 
is a difference with bottom-up approaches like the maker movement in 
that open design is initiated by professional designers.

Advantage for Consumers

The Monome8 controller is an example of an open design; It is a grid-based 
device that consists of a number of backlit LED buttons and a USB output 
and it allows one to control a range of software, including music perform-
ance software. The exact application of the tool is not defined but the 
designers have suggested which applications are able to work with it and 
have provided some documentation for users to write custom software. 
Also, the hardware has been documented, which resulted in a clone of the 
product, Arduinome9, which is based on the Arduino platform and has 
the same functionality but for a significantly lower price. The fact that it is 
easier to build for a non-professional and for a lower cost seem to be the 
main advantages of the Arduinome. To conclude, the open design project 
Monome turned into a DIY product that is a clone of the original but is 
cheaper and in essence the same product. This is an obvious benefit for the 
consumer, but the question arises what the benefit is for the manufacturer.

Advantage for Manufacturers

Another example of open design focuses not on the price of the product 
but on sustainability and potentially expanding functionality. Teenage 
Engineering designed and produced the OP-1 synthesiser and released 
the CAD files for the knobs online so that the users can design and 3D 
print parts if they are broken or if they want to expand the functionality 
of the device10. Teenage Engineering is a small company and, according 
to them, it is not economically viable for them to keep spare parts in 
stock. Therefore, this open design project benefits the manufacturer of 
the product.

Problematic Aspects of Open Design

The open design projects VIA Openbook11 laptop, Openmoko12 mobile 
phone, and Lumia 82013 mobile phone case have in common that they 
are consumer electronics and their manufacturers released 3D files and 
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documentation of their products for the public to build upon. These three 
designs were designed for mass production, that is injection moulding, 
and here lies the problematic aspect of these open design projects. By 
simply releasing the 3D files for injection moulding without considering 
how people could use these files for 3D printing or other digital fabrica-
tion methods and without providing guidance for doing so, its purpose is 
diminished. What motivated these companies to do this? Was it the inten-
tion to really open up or was it a political statement, or did they simply 
want to get attention during the hype of open design and 3D printing?

The role of the designer in open design can be characterised by trans-
parency since the designer develops products that are not necessarily 
customisable, adaptable, or designed to be hacked, but the designer is 
open about the design, the materials, and the manufacturing process. The 
layperson’s role in open design is characterised by being pro-active. It is up 
to the layperson to become involved in the design process and it is up to 
the layperson to find out what to do and often how to do it.

Do-It-Yourself and Maker Culture
DIY contrasts with all the approaches discussed above as it is a bottom-
up approach driven by the initiative of hobbyists, enthusiasts, and other 
non-professionals. DIY refers to domestic activities in which a layperson 
both produces and consumes (Edwards, 2006, p.11). The products of a 
DIY activity are not made for a market and sold to others, but they are 
for personal use or use by friends and family. This non-economic char-
acter is an important aspect of DIY, which is another difference from the 
aforementioned approaches. Society has witnessed a renaissance of DIY 
in the recent years in the form of maker culture and the Maker Movement, 
which has been consolidated in a maker manifesto (Hatch, 2013), even 
though DIY is quite old (it was a popular phenomenon in the 1950’s and 
1960’s in the United States) (Jencks & Silver, p.125-128). DIY is driven by 
the “human motivation” to be involved in the design and production of 
physical goods and enabled by “facilitating technology that makes par-
ticipation possible” (Hoftijzer, 2012, p.1859). The enabling technology has 
changed over time and digital fabrication sparked the new form of DIY 
that is referred to as making.
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An ecosystem consisting of spaces, tools, software, information and 
knowledge sharing, education, and gathering of makers and future 
makers, has developed that serves the maker culture. Spaces, non-profit 
and commercial, such as FabLabs, maker spaces, and TechShops have 
been developed, facilitating a large offering of new companies that manu-
facture desktop 3D printers and materials. Easy-to-use software has been 
developed, both open-source as well as that of established companies. 
Platforms for information and knowledge sharing have also been devel-
oped, as have workshops and trainings in the different tools and software 
offered. Finally, there are events, such as the Maker Faire14, where makers 
gather and companies present their latest tools. Although there are many 
individual and bottom-up initiatives, there are also commercial parties 
that have seen the growing interest in DIY and entered this field to create 
business out of it.

The role of the designer in maker culture can be twofold. On the one hand, 
the designer designs and develops facilitating tools that allow one to make 
things. An example is the Arduino electronics platform that was devel-
oped for the purpose of DIY activities. On the other hand, the designer 
contributes in an indirect way when his/her technology is appropriated 
or hacked by a maker. The layperson, or maker in this case, initiates the 
projects and this role can be characterised by exploration, trial-and-error, 
and risk-taking.

Do-It-Yourself has been around for a long time and in that sense there is 
nothing new about it. However, the tools that have become available in 
the recent decade are more advanced than before and the results one can 
establish with DIY practices are narrowing the gap between professional 
design and DIY work.

Conclusion Opening Up Design
The key concepts from this chapter that I used to set up the studies in 
chapters 7, 8, and 9 are the following:

 › Toolkits for user innovation

 › Personification
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 › Four levels of everyday creativity

 › Convivial tools

 › Design and use time

 › Continuum between designer and user

 › Transparency and pro-active role of the layperson

 › Intrinsic motivation

These approaches all deal with involving the layperson in one way or 
another in the design process; However, there are limitations to these 
approaches and therefore this research aims to develop a new, specific 
approach to lay design. Mass customisation deals with the layperson and 
products but it is concerned with customisation rather than personifica-
tion; In other words, it is immensely limited and strives for consumption of 
goods rather than a redistribution of agency and accountability. Co-design 
is about designing with people, rather than designing by people. It still 
takes a top-down, expert-centred approach to design. Meta-design is con-
cerned with software rather than with the design of physical products, 
which complicates several aspects. Open design does not take account-
ability into account, and it is too loose and too non-committal. DIY and 
maker culture remains an approach that relies a lot on expert amateurs 
that spend enormous amounts of time and resources on design.

3.6 Conclusion
In this chapter I have presented and discussed a frame of reference for my 
research, namely post-industrial society, in which I have positioned my 
research. This frame allowed me to articulate the basic assumptions and 
values on which this research is based. I have discussed post-industrial 
society and post-industrial design in relation to industrial society and the 
current roles of the designer and the layperson. One of the research ques-
tions formulated in the first chapter of this dissertation concerns “…the 
changing role of the professional designer and the layperson…” (“Research 
Questions”, chapter 1) and in this chapter I have both established a baseline 
of how I see the current situation and put forward the concepts and values 
for lay design. Opening up design has been approached in different ways 
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and I have discussed five approaches that are relevant to this research. 
Each of the approaches has its own logic, aim, and characteristics. Finally, 
I identified which concepts I used in setting up the research studies.
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4.1 Introduction
This chapter introduces and discusses theory that is concerned with the 
role of technology in human action and experience. The central idea in 
this dissertation is that the layperson will be actively participating in the 
design of everyday products by using technology, i.e. toolkits as discussed 
above in “Human and Technological Actors” (chapter 2). In order to gain 
an understanding of the role of toolkits in lay design, I present and discuss 
technological mediation theory, which deals with human-technology 
relations. This theory provides me the concepts and vocabulary to analyse 
and discuss the role of toolkits in relation to the layperson and the profes-
sional designer.

In chapter 10, I present a framework of lay design preceded by an analysis 
that uses concepts presented in this chapter. This analysis is on a different 
level than the ones presented in studies 1 to 5 (chapter 7); While those in 
studies 1 to 5 are more practical, the analysis in chapter 10 is philosophical 
and provides a different perspective on the subject. This chapter presents 
and discusses the second, philosophical layer of theory, as this disserta-
tion uses two layers of theory, as discussed in the section “Methodological 

4

The Role of Technology
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Structure” (chapter 2).

This chapter is structured as follows: First, I provide a broader view of the 
branch of philosophy to which I refer, namely phenomenology and post-
phenomenology. Then, I discuss technological mediation and the related 
concepts that I use later on in my analysis in chapter 10. Finally, I focus 
on the application of this theory to design by discussing the design and 
evaluation of mediations.

4.2 Philosophy of Technology
Historically, there are two major fields that are concerned with thinking 
about technology, namely engineering and the humanities. A compre-
hensive overview of the history of technology can be found in Thinking 
Through Technology (Mitcham, 1994) with regard to engineering philos-
ophy of technology in chapter 1 and with regard to humanities philosophy 
of technology in chapter 2. I have selected a few aspects that I want to 
discuss and highlight.

Essence of Technology
From the humanities perspective, I focus on Heidegger’s definition of the 
essence of technology. According to Heidegger, technology is neither a 
neutral instrument nor is it a human activity, rather it is “a kind of truth 
or revealing” (Mitcham, 1994, p.51). The essence of technology is not 
the instrumental or anthropological definition (Heidegger, 1993, p.312). 
While pre-modern technology was concerned with “bringing-forth” from 
“concealment into unconcealment” (Heidegger, 1993, p.317), modern 
technology is “a revealing that sets up and challenges nature to yield a kind 
of energy that can be independently stored and transmitted” (Mitcham, 
1994, p.51).

In the engineering tradition, Dessauer argues that making establishes 
“positive contact with the things-in-themselves” (Mitcham, 1994, p.31) 
and according to him, the essence of technology is experienced only 
in “the act of technical creation” (Mitcham, 1994, p.31) rather than the 
manufacturing process or the products themselves. Engelmeier defines 
technical invention in terms of three elements, namely will, knowledge, 
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and skill (Mitcham, 1994, p.31), while Eyth identifies three stages, which 
are “the creative generation of an idea, its development, and its final uti-
lisation” (Mitcham, 1994, p.31). The engineering philosophers have tried 
to relate engineering to the humanities by arguing that inventors combine 
imagination in the technological as well as aesthetic realm.

Robert McGinn offers another way of seeing technology in answering to 
the question ‘what is technology?’. He states that it is a form of human 
activity (Mitcham, 1994, p.157) and he identifies eight key characteristics 
of technology. According to McGinn, technology is material outcomes, it 
fabricates those outcomes, it is purposive, it is resource based and resource 
expending, it generates knowledge, it is methodological, it takes places in 
a social-cultural-environmental context, and it is influenced by individual 
practitioner’s mental sets (Mitcham, 1994, p.157-158). Even though this 
definition includes modern and pre-modern technologies, it does not 
include the artefacts and their use. Stephen Kline builds upon this work by 
arguing that technology can be defined according to four aspects, namely 
artefacts, socio-technical systems of production, technique or method-
ology, and socio-technical systems of use (Mitcham, 1994, p.158).

Manifestations of Technology
Technology can be manifested in different ways, namely, as objects, 
knowledge, volition, and activity (Mitchan, 1994, p.160). I discuss each 
manifestation briefly.

Technology as Objects

Technology as objects are “the products of modern engineering” (Mitcham, 
1994, p.162). Mitcham puts forward a list of eight types of technology 
as objects, namely clothes, utensils, structures, apparatus, utilities, tools 
(for making), machines, and automata and immediately expands it with 
another three types, namely tools for doing, objects of art or religion, and 
artefacts of play (Mitcham, 1994, p.162-163). Of special interest to this 
research are tools, machines, and automata. Tools are defined as objects 
that are operated manually while machines require an external power 
source. The definition of the machine as not relying on human energy 
but requiring human monitoring is particularly relevant (Mitcham, 1994, 
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p.165). Modern technologies made the transition from tools to machines; 
Where tools are open to interpretation in use, machines “have become 
containers for processes” or so-called “objectified processes” (Mitcham, 
1994, p.168). Automata are defined as not requiring human energy, similar 
to machines, but also not requiring direct human monitoring.

Technology as Knowledge

Technology can manifest as knowledge and distinctions are made between 
knowledge and skill, maxims, laws, rules, and theories (Mitcham, 1994, 
p.193). Skill is especially relevant in the context of lay design since the 
layperson gains access to the design process through toolkits that start 
with requiring low-skill and increase the level gradually. One way to 
discuss skill acquisition is put forward by Drefuys, who divides it into five 
steps, from novice, to advanced beginner, to competency, to proficiency, 
to expertise (Mitcham, 1994, p.195).

Technology as Volition

This form of technology deals with decision making and will. The notion 
of incontinence or “the weakness of the will” is particularly interesting for 
lay design (Mitcham, 1994, p.259). When technology increases the ability 
to act, it must be done in an intelligent way in order to avoid disaster. 
According to Mitcham, there are three preconditions for intelligent 
control of technology, namely “the end or goal toward which technology 
activity ought to be directed”, “knowing the consequences”, and “acting on 
the basis of or in accord with both types of knowledge” (Mitcham, 1994, 
p.260). In most cases, the latter precondition is not taken into considera-
tion and therefore people know what is good, but act the opposite.

Technology as Activity

Technology as activity is the “pivotal event in which knowledge and 
volition unite to bring artefacts into existence or to use them” (Mitcham, 
1994, p.209). Mitcham provides a list of activities that are included, 
such as crafting, inventing, designing, and maintaining, to mention a 
few examples. These different types of making can be roughly divided 
into four phases, namely conceiving, imagining, fabricating, and testing 
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(Mitcham, 1994, p.220). In terms of activity, the research in this disserta-
tion deals with all four phases. The toolkit deals with the second phase, 
imagining, or thinking in concrete terms, and depending on the skill level 
of the layperson, fabricating and testing are also involved.

Post-Phenomenology
Two approaches have been put forward that intend to bridge the gap 
between engineering and humanities philosophy of technology (Mitcham, 
1994, p.65), namely the approach that emerged from the engineering field 
and the approach of pragmatic phenomenology of technology, which 
emerged from the field of philosophy. The latter I will discuss in more 
detail.

Pragmatic phenomenology of technology was formulated by John Dewey 
and Don Ihde. Dewey sees technology not opposed to democracy and 
ethics nor as a neutral means, but he says that technology must be 
integrated “with other values in culture not by monistic, technocratic 
management but through pluralistic planning” (Mitcham, 1994, p.73). 
Ihde investigates human-technology-world relations, which I discuss in 
more detail later in this chapter. Another important work on the devel-
opment of phenomenology of artefacts is Tools for Conviviality by Ivan 
Illich. I discussed this work in chapter 3 in the section “Post-Industrial 
Society”. This is one kind of answer to “the societal problems associated 
with the creation of industrial tools and artefacts” (Mitcham, 1994, p.181). 
In contrast to this artefactist perspective, the other response is a socialist 
view which says that the problems are not caused by the material objects 
but rather by the social context in which they exist. Illich puts forward a 
distinction between matter, which is the source of energy, and form, which 
is the source of guidance. He distinguishes two kinds of tools, namely 
hand tools and power tools. The first category requires human energy and 
human guidance while the latter category does not require human energy, 
but does still require human guidance. Mitcham expands this categorisa-
tion by adding pre-modern machines, modern machines, and cybernetic 
devices (Mitcham, 1994, p.185). This analytical instrument allows one to 
talk about tools and how humans are engaged or not engaged with them 
in their use.
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Post-Phenomenological Perspective

I use a post-phenomenology perspective to analyse the work I have done 
on toolkits in lay design. The three reasons for using post-phenomenology 
rather than another philosophical stance is that technology is not neutral. 
Technology is ubiquitous in today’s society and I am interested in the 
relation between professional designer, layperson, and toolkits rather than 
only in the technology itself. By introducing toolkits into product design, a 
change takes place regarding accountability and therefore a philosophy of 
technology is needed to analyse and discuss the new constitution. Fallman 
has argued in a similar way for developing a philosophy of technology to 
the human-computer interaction community (Fallman, 2007).

Therefore, I discuss the philosophical stance that I built upon in my 
research focusing specifically on the theory of technological mediation. 
Phenomenology is “the philosophical analysis of the structure of the rela-
tions between humans and their life-world (Verbeek, 2006, p.363) and 
post-phenomenology is based on this philosophical branch but aims to 
deal with the problematic aspect of it. The problematic aspect is that it 
claims to describe “authentic reality” as opposed to science, which claims 
to “analyse reality”. However, what has become particularly problematic 
is that almost all human actions and perceptions are technologically 
mediated and “many mediated perceptions, after all, do not have coun-
terparts in everyday reality” (Verbeek, 2011, p.15). This means that it is 
not possible to go back to the thing, but the focus can be on the struc-
ture of the relations. Post-phenomenology moves beyond subject-object 
dichotomy in two ways; First, it approaches subject and object in terms 
of human-technology associations; Second, it sees the relations between 
human and technology as constituted rather than pre-existing.

4.3 Technological Mediation
The reason for bringing in theory of technological mediation is that it 
allows designers of technology (read: of toolkits) to go beyond the intended 
and unintended effects of technologies and evaluate new technologies “in 
terms of the ways they help to shape new practices and experiences” rather 
than solely focusing on “the quality of their functioning” (Verbeek, 2011, 
p.128). Following the theory of technological mediation, technological 
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artefacts play an active mediating role in the relation between humans and 
reality. This perspective contrasts two often-held positions regarding tech-
nology, namely determinism and substantivism (Verbeek, 2005, p.136).

It contrasts to a deterministic view of technology, which states that 
humans and their actions are controlled by technology. This is a rather 
pessimistic view of technology that advocates a strict separation between 
subject and object. This perspective states that human actions are con-
trolled by technology and humans are no longer free to act in the world. 
The deterministic view of technology is often portrayed in apocalyptic 
scenarios found in popular culture, such as movies, as well as in dystopic 
visions where technologies have won freedom from humans. Another 
idea that is brought forward by deterministic thinkers is that technologies 
develop by themselves like a virus that spreads, as if humans do not drive 
the development.

The other perspective on technology that is contrasted to technological 
mediation is the substantivist view, which sees technology as a neutral 
instrument and also advocates a separation between subject and object. 
Technology is seen as a means to an end having no influence on the end. It 
is solely the humans that determine and define the end as well as the way 
technology works for them.

Technological mediation disagrees with both these approaches towards 
technology and focuses rather on the idea that subject, that is the 
human, and object, that is the technology, are interwoven and should be 
approached in terms of relations. Technology mediates between human 
and world and the technology co-shapes human actions and perception. 
Thus, the human does not exist in itself, and neither does the world nor 
the technology, but they all exist in relation to each other and technology 
plays a mediating role. Technology does not have one essence but is so-
called multi-stable (Verbeek, 2011, p.9), which means that it depends on 
how it is interpreted and used and thus what mediating role is played. In 
other words, technology is context-dependent. There are two sides of the 
mediation coin, namely one that approaches mediation from perception 
and looks at how reality can be interpreted by humans and the other that 
focuses on action and looks at how humans can act in the world.

Mediation of experience is concerned with the way people interpret the 
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world when it is mediated by technology (Verbeek, 2011, p.8). This media-
tion transforms human perception in either an amplifying or reducing 
way. The two relevant relations when talking about mediation of experi-
ence are the embodiment and hermeneutic relations, as are discussed in 
the next section.

Mediation of praxis, on the other hand, looks at how humans can be 
involved in the world and how technology mediates this involvement 
(Verbeek, 2011, p.9). It translates actions either by inviting certain actions 
or by inhibiting actions. The two relations that play a role are embodi-
ment and alterity. Another notion that is relevant to introduce is script 
(Akrich, 1992), which states that designers can script products with an 
intended use scenario thereby delegating certain responsibilities to the 
user. A critique of script is that it does not deal with the complexity of 
how mediations come about, “the eventual script is the result of an inter-
action among the work of designers (…), users (…), and the technological 
artefacts themselves” (Verbeek, 2011, p.98).

In the following section, I further discuss the different mediating relations.

Human-Technology-World Relations
Technological artefacts play a role in the relation humans have with the 
world. Ihde identifies three different categories of human-technology 
relations where the human is related via a technology, related to or with a 
technology, or not related explicitly (Ihde, 1990, p.99; Verbeek, 2005, p.123-
128). In the first category there are two mediating relations, embodiment 
and hermeneutic. The second category consists of alterity relations and 
the third category of background relations. Verbeek developed another 
two relations in the mediating category, namely cyborg and composite, 
building upon the embodiment and hermeneutic relations respectively 
(Verbeek, 2011, p.144-146).

Relating Via a Technology

In the embodiment relation, technology becomes a part of the human, an 
example being wearing eyeglasses which create a situation where people 
do not look at the technology, but through it at the world. There are three 
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requirements that should be met to establish an embodiment relation; The 
technology must be “technically serviceable”; The technology requires a 
“certain skill or technique”, in other words one has to know how to use 
the artefact; And finally, the object should make something visible in a 
way that is comparable to unmediated perception (Verbeek, 2005, p.126). 
The hermeneutic relation is where the human relates to the world also via 
an artefact, but here concerning a representation of the world. The classic 
example is the thermometer which delivers a number representing the 
temperature outside and the human can interpret this number without 
having to feel the actual temperature.

Verbeek expanded this category with the cyborg and composite relations, 
which are based on the embodiment and hermeneutic relations respec-
tively. The cyborg relation is a more extreme version of the embodiment 
relation where the technology and the human are merged (Verbeek, 2011, 
p.144) and this relation is exemplified by microchip implants in the brain 
to enhance vision. The composite relation takes the hermeneutic relation 
a step further by not simply interpreting reality but by constructing reality 
(Verbeek, 2011, p.146). In composite relations, it is both the human inten-
tionality and the technological intentionality that play a role and this is 
exemplified by radio telescopes that make images of stars visible to the 
human eye.

Relating To/With a Technology

The second category of human-technology relations consists of alterity 
relations where the human is related to or with a technology. An example 
is train ticket machines since these machines “not only take money and 
dispense tickets, but also give advice, provide route information, answer 
questions, and protest when something is done incorrectly” (Verbeek, 
2005, p.127). The latter aspect of the train ticket machine make the tech-
nology appear as a quasi-other, meaning that it appears to behave like a 
human.

Not Relating Explicitly

The third category of human-technology relations is the background 
relation where the technology is not explicitly present to the human 
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but shapes the context in which the human is. Often, these technologies 
become apparent when they break down.

Continuum of Relations

The first five relations form a continuum of technology that includes that 
which is merged with the human all the way to that which is the quasi-
other (Verbeek, 2005, p.127). I use the continuum and specifically the 
hermeneutic and alterity relations in my analysis of human-toolkit-world 
relations (chapter 10).

Things and Devices
Technological artefacts shape the way humans perceive the world and 
how they act in the world. I discuss the notions of devices and things, in 
terms of Borgmann, a philosopher of technology, adopted by Verbeek. 
Verbeek refers to Borgmann, who makes a distinction between pre-tech-
nological things and technological devices, where the former is concerned 
with engagement and focal practices and the latter is concerned with con-
sumption of commodities. Things and devices are two different types of 
artefacts that allow humans to be in touch with reality.

Things, on the one hand, are so-called commanding objects that “take 
effort and skill to conquer” and the example that is given is a musical instru-
ment. It takes time to learn and master a musical instrument. Things are 
so-called focal objects that establish a focal practice in that they “become a 
focal point for gathering and sociality” (Thompson, 2007, p.77). A thing is 
“inseparable from its context (…) and from our commerce with the thing 
and its world, engagement [results]” (Borgmann, 1984, p.40). Heidegger 
talked about tools, such as the hammer, which are ready-to-hand and 
only when they break down they become present-at-hand (Verbeek, 2005, 
p.79), which means that when one uses a tool the focus is not on the tool 
itself but on the work done with the tool and when the tool fails it becomes 
apparent to the user.

Devices, on the other hand, are seen as disposable objects and the example 
is a stereo which “puts music at our disposal” without having to do anything 
for it. According to Borgmann, a device or “the machinery makes no 
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demands on our skill, strength, or attention, and it is less demanding the 
less it makes its presence felt” (Borgmann, 1984, p.42). Borgmann claims 
that devices are only concerned with delivering commodities and there-
fore solely stimulate consumption. Verbeek nuances this claim and argues 
that devices can also be engaging, his example being that of an electric 
piano which can be as engaging as an acoustic one (Verbeek, 2005, p.178).

The device paradigm, as discussed by Borgmann, deals with the concept of 
commodification and the notions of consumption and engagement. In an 
industrial society, goods are commodified, which means that they “have 
been detached and isolated from a richly interwoven nexus of material 
practice that integrate[s] social groupings such as family or household, 
giving meaning and purpose to the work involved in obtaining neces-
saries and indulgences alike” (Thompson, 2007, p.77). A commodity can 
be defined as something that “…is truly available when it can be enjoyed as 
a mere end, unencumbered by means” (Borgmann, 1984, p.44). There can 
be two distinct forms of commodification, namely economic and moral 
commodification. The first one deals with “the marketisation of goods” 
(Thompson, 2007, p.77) and the transformations that occur. The latter one 
concerns “the transformations that reduce the richness of everyday life” 
(Thompson, 2007, p.77). The notion of personification, as discussed when 
critiquing mass customisation (chapter 3), can be seen as the opposite to 
commodification where the latter is detached and isolated and the former 
is connected to the individual.

Technology and Ethics
The ability to make moral decisions is generally understood to be a human 
affair. Only humans can make moral decisions since they require both 
intentionality and autonomy. Both intentionality and freedom are dis-
cussed in relation to the role of the professional designer (intentionality) 
and the role of the layperson (freedom) in designing and using toolkits, 
and the ethical implications of using toolkits (chapter 10).

In technological mediation theory, the moral subject/immoral object 
dichotomy is challenged by the argument that objects can also have moral 
dimensions. The notion of technological intentionality and a different 
view on freedom is used to enable this argument. The first requirement 
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for moral agency is technological intentionality, which is not the same as 
human intentionality, which is the ability to form intentions. However, it is 
intentionality in the sense that objects can “direct one’s course” (Verbeek, 
2011, p.57), which occurs when there is technological mediation, and 
only then do objects direct human actions and experiences. The second 
requirement for moral agency is to have some form of autonomy. Here, 
the same line of reasoning is applied in that freedom is seen as a hybrid 
affair of both human and nonhuman actants. Freedom is defined as “the 
existential space human beings have within which they can realise their 
existence” rather than with a focus on the “lack of forces and constraints” 
(Verbeek, 2011, p.60). This does not mean that technology can be held 
morally responsible, but “things can be seen as part of the moral commu-
nity in the sense that they help to shape morality” (Verbeek, 2011, p.42).

4.4 Designing Mediations
Mediations of technology can be designed, therefore I first discuss 
methods for anticipating mediations and then ways for evaluating media-
tions that occur.

Anticipating Mediations
In industrial design, there is a separation between the context of design and 
the context of use. As discussed in the previous chapter, there are several 
methods in user-centred design that deal with this gap. Designers always 
try to bridge this gap by observing future users, talking to them, and doing 
tests with prototypes in order to get a grip on the user. Approaches dis-
cussed in the section “Opening Up Design” (chapter 3) go a step further 
and try to actively involve users in the design process in some way or 
another. When thinking about the mediating role of technology and its 
moral implications, designers should also try to bridge the gap between 
the context of design, its intentions, and the context of use–the actual 
mediations that occur when an object is in use.

In a typical design process there are three sources of mediation (Verbeek, 
2011, p.99), namely the user, the designer, and the technology, and all 
three sources have agency, that is the capacity to exert power. Users try to 
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appropriate the technology and use it in accordance with their intention, 
context, and moral values. Designers delegate responsibility and moral 
judgements by using scripts and technology mediates human actions and 
experiences and their moral decisions in predictable and unpredictable 
ways.

Verbeek offers three strategies for anticipating mediations that might occur 
when a technology is being used. These strategies are to use the imagi-
nation of the designer, to use a method called Constructive Technology 
Assessment (CTA), or to use the scenario method in combination with 
virtual reality (Verbeek, 2011, p.99-105). The first method is simply pre-
dicting the future mediations by imagining what they could be. The CTA 
method tries to establish a connection by involving all stakeholders in 
the design process. The third method is to design technology focusing 
on the way a product will be used rather than starting with defining the 
functionality of a product. By developing scenarios, designers can predict 
how a product will be used and from there define the functionality rather 
than the other way around. Virtual reality technologies can support the 
development of those use scenarios by simulating an environment that 
allows designers to come up with realistic scenarios.

My critique of each of these methods is that they are about predicting 
mediations rather than by prototyping them. Therefore, in the reflec-
tions section in chapter 11 I build upon these methods for anticipating 
mediations.

Evaluating Mediations
Once a technology is being used, one can evaluate the mediations that 
occur by using a stakeholder analysis that addresses both human and non-
human actors. This analysis deals with four aspects: the moral quality of 
the intended mediations, the implicit mediations, the forms of mediations, 
and the actual outcomes of the mediation that has occurred (Verbeek, 
2011, p.106-107).
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4.5 Conclusion
In this chapter, I have presented theory from the field of philosophy of 
technology, more specifically the theory of technological mediation. 
This theory is relevant since my research question asks how the role of 
the designer and the layperson changes when the layperson is enabled to 
participate in the design of everyday products by using a technology, i.e. 
toolkits (chapter 1). Therefore, it is important to understand how toolkit 
technology shapes the layperson and professional designer’s experience as 
well as actions in the design process.

The concepts that I use in my analysis in chapter 10 are the notions of 
things, devices, engaging devices, and human-toolkit relations, espe-
cially the hermeneutic and alterity relations. These concepts were used to 
analyse toolkits in order to gain a deeper understanding of the mediating 
role that technology plays in lay design.



The enabling foundations are found in chapter 5 “Form finding” and 
chapter 6 “3D Printing”, which discuss developments that enable opening 
up design.

Chapter 5 discusses different perspectives on form giving in design, which 
cater to a more open and adaptable process. This chapter discusses how 
product designs are created in industrial design today and reviews alter-
native approaches to form giving that are (potentially more) suitable for 
lay design. The professional designer’s task shifts from designing finished 
objects to designing open-ended toolkits. Designing openness might re-
quire a different way of approaching form giving in design.

Chapter 6 is concerned with the role of fabrication technologies in de-
sign, more specifically 3D printing, which is the means to realising the 
automated production of one-off objects. I discuss 3D printing and what 
post-industrial fabrication is about, and position 3D printing among 
traditional manufacturing technologies to identify its characteristics and 
highlight its unique features.

II

Enabling Foundations





5.1 Introduction
This chapter focuses on form finding, which is an alternative approach to 
form giving. The term form giving is used in this chapter to indicate the 
activity of “form creation” (Zainal Abidin, Sigurjonsson, Liem, & Keitsch, 
2008, p.6). An alternative to the term form giving, shaping is used in 
design literature along with the term morphosis, which means the “action 
or process of forming”1. However, I am not only referring to shape, but the 
overall formation of a design in form, function, and material.

Industrial design is concerned with standardisation and replication 
while post-industrial design is concerned with different values, namely 
variability for particular users and/or contexts, as discussed in the section 
“Post-Industrial Design” (chapter 3). The use of algorithms to create vari-
ability in design has been acknowledged as an opportunity: “Procedural, 
parametric, and generative computer-supported techniques in combina-
tion with mass customization and automated fabrication enable holistic 
manipulation in silico and the subsequent production of increasingly 
complex architectural arrangements.” (Roudavski, 2009, p.346). The new 
objective of lay design leads me to question how form is created; Therefore, 

5

Form Finding
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I look at alternative ways of approaching form giving in design, which I 
refer to as form finding. I discuss ideas and directions that could consti-
tute this alternative approach, which is more suitable for the objective of 
variability.

It is possible to design outcomes that are not defined and yet carry the 
designer’s intention to some extent. Opening up design to the layperson 
and thereby having incomplete or partially undefined outcomes does 
not necessarily result in chaos. A shift is taking place from designing the 
details and specifics to setting out the rules and designing the algorithm 
that can be used to generate many specific solutions. The role of the pro-
fessional designer is different in such a scenario from his/her role today 
and is by no means trivial when compared to designing finished products; 
Thus, it requires a new understanding of what it means to be a designer.

This chapter is composed of background information to the research 
studies conducted in chapters 7, 8, and 9. It is structured as follows: I tease 
apart what form finding in post-industrial design consists of by looking 
at four ideas that might contribute to an alternative approach. The four 
ideas discussed come mainly from the field of architecture, a field typically 
concerned with making one rather than many, and I have chosen these 
four directions because they provide an articulated perspective that is dif-
ferent from the mainstream thought in industrial design and they open 
up industrial design to a critical re-examination of form giving. The ideas 
are context-form-function, nature-inspired computational geometry, 
adhocism, and theory of wholeness. These ideas should be seen as sources 
of inspiration and perspectives on form creation and they can be used to 
complement each other. The aspect that all these ideas have in common 
is that they all cater to variability in some way or another. These ideas are 
illustrated by examples taken from the fields of product design, architec-
ture, and graphic design, in which variability is a key aspect of design. 
Before all this, I discuss form giving in industrial design today by looking 
at two common approaches to it in industrial and engineering design.
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5.2 Form Finding: Alternative to Form 
Giving
Lay design brings forward a certain amount of openness and variability 
in form. The shift from industrial design to post-industrial design can be 
seen as moving from a closed system to an adaptable system, or moving 
from designing finished objects to designing variable designs. Form 
finding postpones the definition of a design until the layperson and the 
context is known and this definition arises from the layperson.

Form Finding in Post-Industrial Design
Form giving is the way of imposing form in industrial design and I argue 
that post-industrial design can be characterised by form finding. With the 
notion of form finding I refer to a practice where form is not given by 
a designer and then replicated by mass manufacturing, but where form 
is found, either by the designer or the lay designer, possibly by using 
an algorithm or computational means. In form finding, form emerges 
through a process rather than being decided upon in advance since it is 
not about the one ultimate form for a particular design to be reproduced 
many times, but it is about many possibly suitable forms depending on 
specific contexts and the individual layperson. To exemplify form finding, 
an analogy can be made with the pre-industrial designer, the craftsman, 
who uses wood or stone. The craftsman sometimes finds a form in the 
material rather than forcing the material to form to a pre-conceived idea. 
When a craftsman has a piece of wood and starts to work with it, the 
material guides the intention of the craftsman to some extent. The grain of 
the wood directs the craftsman in certain ways. The craftsman is sensitive 
to the material and his/her actions are led by a dialogue with the material. 
Hence, one could say that the outcome is partly the form given by the 
craftsman and partly the form found by the craftsman in the material.

Form Giving in Industrial Design
Form giving is focused on definition and is concerned with imposing a 
form based on an idea and defining it in all its details. Definition is needed 
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in order to replicate a design in high volume by means of industrial manu-
facturing technologies.

Form giving in design education can be taught by an approach that 
originated from industrial design or by an approach that originated from 
engineering design. I discuss two articulated perspectives that have been 
used (extensively) in design education in The Netherlands and Sweden 
(Zainal Abidin et al., 2008); However, the discussion is not an attempt to 
provide a comprehensive overview of existing approaches to form giving.

One approach to form giving, which was taught at engineering design 
educations2, is form evolution based on principle solutions. Muller has 
developed this approach, which is based on three levels of form evolution, 
the topological, the typological, and the morphological (Muller, 2001). 
This approach is based on the idea that one can start with a primitive 
object or a set of primitive objects and work through these three levels 
towards form integration. In this highly systematic method of form giving, 
the technological object fulfils the desired function and does so with the 
best possible form.

Another approach to form giving was developed by Akner-Koler and is 
form evolution based on visual elements (Akner-Koler, 2007). This approach 
is based on the idea that one starts with geometric forms and through 
several transitions moves towards more organic forms. The designer can 
furthermore manipulate visual elements, which are defined as points, 
lines, and planes, thereby creating the desired form. This method of form 
giving is more sculptural, intuitive, and artistically grounded, even though 
it is still systematic.

When industrial design is freed from the imperatives of industrial manu-
facturing, form giving is open to being challenged. Thackara critiques 
industrial designers and the aesthetics they create: “Nature is of key 
importance in the search for a design aesthetic in the postmodern period 
that is not dominated by the ‘imperatives’ of production” (Thackara, 
1988, p.8). He continues, stating that designers need to expand their form 
vocabulary: “In his chapter, Peter Fuller does not propose a fully worked-
out programme for a new product aesthetics, but he does suggest that 
one possible source for a postmodern design programme could be the 
higher reaches of modern mathematics, where scientists are discovering 
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new geometries and patterns in nature more complex and varied than the 
Euclidean forms that obsess so many contemporary designers” (Thackara, 
1988, p.8). If design moves from industrial design led by manufacturing 
constraints to post-industrial design freed from the notion of replication 
and definition, the question emerges: What new ways of approaching 
form giving are desirable?

5.3 Sketch of a Form Finding Approach
In this section, I present and discuss four ideas that could inform a form 
finding approach. There is a need to develop an approach of form finding 
since lay design is based on different values than today’s industrial design, 
particularly the value of variability. The first idea focuses on the inclu-
sion of context in the form-function relation. The second idea deals with 
computational form that can be inspired by nature as well as mathematics. 
The third idea is adhocism that is an approach that argues for a more 
spontaneous and pragmatic way of design. Finally, I discuss the theory of 
wholeness, which caters to a more human and less mechanistic view of 
form and composition. For all four ideas I discuss several aspects that are 
relevant at this point and that I use in later parts of this research or that I 
have used to relate it to a more theoretical level. For each of the four ideas 
I first give a description and then I relate it to the research presented in 
this dissertation.

Form and Function Follow Context
The first idea that informs form giving concerns a re-examination of the 
form follows function mantra and to expands this relation with the notion 
of context.

Form Follows Function

The modernist maxim form-follows-function is assumed to constitute 
a causal relation (Sullivan, 1966, p.340-346) where “one form is more 
suitable to fulfilling that function than other, alternative, forms” (Kalay, 
1999, p.396). This has been challenged, for instance by Kalay, who argues 
that the relation between form and function is context-based: “The 
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performance of a proposed design solution can only be determined by an 
interpretive, judgemental evaluation, which considers the form (and other 
physical attributes) of the proposed solution, the functional objectives 
(goals) it attempts to achieve, and the circumstances under which the two 
come together” (Kalay, 1999, p.396). This is underpinned by the fact that 
a “multitude of different forms that essentially were designed to support 
similar functions” and also the opposite, “that a given form can support 
many different functions” (Kalay, 1999, p.398-399). An example of the 
first category is the chair, a classic design object that has been designed 
in many different forms but still aims to fulfil the purpose of sitting. The 
second category is exemplified by Kalay through the playground for 
children where the children “can adapt the existing, generic forms into 
particular needs” (Kalay, 1999, p.399).

The form-follows-function mantra can be expanded with the notion of 
context. Kalay uses context as in “the physical, cultural, social, and other 
contexts” (Kalay, 1999, p.400); This very broad definition of context tran-
scends the physical environment and includes the intangible, such as 
the preferences or character of the user. This can be related to another 
concept in design, namely the ultimate particular. The ultimate particular 
is the outcome of a specific design process, something that is unique and 
not universal (Nelson & Stolterman, 2012, p.31) and something can be 
particular even if it is produced in mass. Context does play a role in the 
design process, not in the form of a particular context, but a generalised 
context. For instance, when a designer develops a kitchen product, he/she 
does not design it for a particular kitchen, but for kitchen environments in 
general. This generalised kitchen is constituted by the designer and might 
not be representative of all kitchens; It might, for instance, be designed for 
Swedish kitchens, which could be different from Dutch kitchens, there-
fore it is still a generalisation.

Appropriation to Lay Design

Form finding is context-based which means that the form and function 
of a design are informed by the context. Context varies for the individual 
layperson. Whether context signifies one’s aesthetic preference, physical 
environment, or personal values, a design is informed by the layperson in 
some way or another. Where a building design in architecture might be 
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context-specific when the site informs the design, in lay design the lay-
person informs the function and/or form of a design.

Nature-Inspired Computational Geometry
The second idea that contributes to an alternative approach to form giving 
is concerned with a different way of constructing form by using computa-
tion and looking at nature for inspiration.

Nature as Inspiration and Computation as Means

Nature can be a great source of inspiration for designers as is argued 
by biomimicry scholars such as Benyus (Benyus, 2002). Nature creates 
organisms and forms that are adaptable, variable, and resilient; It has a 
tremendously long history of 3.8 billion years and therefore has evolved to 
find the best solutions for each specific problem and context.

Mathematics is used to describe forms created in nature. Algorithms such 
as the Lindenmayer system3 and Cellular Automata4 create many different 
variants, or family of forms, that one could say potentially accommodate 
different contexts and needs. Nature can cater to variability and that is the 
main reason for designers to take inspiration from nature and use com-
putational geometry. An algorithm enables designers to set a boundary 
and allows the layperson to go ahead in the design space and personify a 
design. An algorithm is basically a set of rules executed in a certain order 
that allows for a design process with undefined outcomes, which is exactly 
what lay design is aiming for.

Using computation to create product forms changes the way computers 
are used in the design process. Typically used as representational tools, 
computer-aided design (CAD) software is used to represent a design 
made by a designer either on paper by sketching or by physical mockup. 
Computational design goes beyond solely representation of form and 
enables generating a form by using algorithms (Menges & Ahlquist, 2011, 
p.10, p.81). An algorithm can generate a new form, find a form within a 
certain design space, or optimise a form to certain specifications. These 
activities can also be done by analogue means; One can do explorative 
sketching, or sketch to optimise a certain form on a very detailed level. 
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However, computational design constitutes a fundamental difference in 
the way a computer is used in the design process since the place where the 
design originates is shifted from the analogue to digital realm.

Appropriation to Lay Design

Computational design in combination with 3D printing enables form 
finding to be adaptable, and user- and context-specific by allowing 
products to be described by algorithms rather than defined by 3D CAD 
models. Computation can be seen as the means to context-driven lay 
design and nature can serve as an inspiration.

Adhocism
The third idea that contributes to a form finding approach concerns 
improvisation and a pragmatic way of design. For this, I turn to the notion 
of adhocism as proposed by Jencks and Silver, and everyday design by 
Wakkary.

Democratic and Pragmatic Design

Adhocism, or bricolage, is a democratic–as in accessible to anyone–
and pragmatic approach to design where objects are put together ad 
hoc in a purposeful way (Jencks & Silver, 2013, p.xix). The qualities of 
adhocism are that it is contextualised, informal, spontaneous, fast, deals 
with everyday objects, and is done by both the designer as well as the 
layperson. Adhocism rebels against the status quo of industrial society: 
“Today we are immersed in forces and ideas that hinder the fulfilment 
of human purposes; large corporations standardize and limit our choice; 
philosophies of behaviourism condition people to deny their potential 
freedom; modern architecture becomes the convention for good taste and 
an excuse to deny the plurality of actual needs” (Jencks & Silver, 2013, 
p.15). Similarly, the notion of everyday design (Wakkary, 2008), as briefly 
discussed in “Current Roles of Designer and Layperson” (chapter 3), is a 
pragmatic way of seeing design as a way for the layperson to appropriate 
products in use.

The basic idea of adhocism is that by combining available subsystems one 
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designs a solution on the spot for an urgent need. Jencks and Silver stress 
the fact that adhocism is purposeful and not random and therefore it is 
not the same as eclecticism: “…the idea that the approach [of adhocism] 
leads to arbitrariness and complacency, is not true. It fails to take into 
account the fact that subsets are put together to satisfy a specified purpose: 
this distinguishes adhocism from random shuffling and other procedures 
which are substitute for thought” (Jencks & Silver, 2013, p.37). There are 
two forms of adhocism, namely practical and intentional adhocism, where 
the first refers to ad hoc means and the latter to ad hoc ends. An example 
of practical adhocism can be found in shantytowns where people fix 
their homes with whatever material is available and a form of intentional 
adhocism is when people customise the grille of their car (Jencks & Silver, 
2013, p.110). The focus of adhocism is on resourcefulness in the sense 
that it aims to solve a problem that is encountered by the adhocist rather 
than being concerned with creating something original or novel. It can 
be done in different ways from passive, to feeble, to active optimisation 
(Jencks & Silver, 2013, p.122-128), where the commitment of the adhocist 
increases with each form. The main critique of adhocism is concerned 
with its pluralistic character and critics say it is too permissive which 
means that it gives people too much freedom. The reply is that adhocism 
is “a transitional philosophy based on the premise that the future goal 
of man, a single destiny for the species, cannot be specified in advance” 
(Jencks & Silver, 2013, p.35).

Appropriation to Lay Design: Digital Adhocism

Even though adhocism is presented as an analogue, material practice, I 
argue that it can also be seen in the digital realm in the form of digital 
adhocism. The authors of Adhocism also refer to contemporary (digital) 
practices in the afterword of the 2013 reissue stating, “Recent words 
deriving from popular music production that have sometimes been used 
synonymously for constructive adhocism are ‘remix’ and–with possibly 
more precision–‘mashup’” (Jencks & Silver, 2013, p.212). Adhocism, 
originally proposed by Jencks and Silver in the early 1970’s, is an approach 
that argues against the ideas and values of the industrial society and mass 
consumption; Adhocism “places purposeful action against the ideologies 
of determinism, and immediacy against the omnipresent delays caused 
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by specialization and bureaucracy” (Jencks & Silver, 2013, p.19). The 
argument for pluralism fits well with the idea of lay design where non-
experts are allowed and enabled to design their own products. Adhocism 
is a way of approaching form giving by making collages of existing subsys-
tems. In the context of lay design and 3D printing, this could be extended 
to the digital realm. Online platforms like Thingiverse5, where people 
upload their designs or parts of it, can serve as sources where one can find 
subsystems that can be combined and then produced through 3D printing. 
Another example of digital adhocism is the software Meshmixer6, which 
allows the user to mix different 3D models to form a new one.

Theory of Wholeness
The fourth idea that is discussed that informs an alternative approach 
to form giving is the theory of wholeness as proposed by Christopher 
Alexander.

Design as Creating Order

Design can be defined as “the conscious and intuitive effort to impose 
meaningful order” (Papanek, 2006, p.4) and Alexander, among others, 
has conducted extensive research into what this order might be, how it 
can be articulated, and how it can be designed. The theory of wholeness 
is described in the four volume book series The Nature of Order starting 
with The Phenomenon of Life (Alexander, 2002). The aim of the theory of 
wholeness is “to understand how the parts of a made thing (…) belong 
together and have their proper place in the whole” (Seamon, 2007, p.2). 
Alexander proposes fifteen structural properties of wholeness, including 
levels of scale, strong centres, and alternating repetition (Alexander, 2002, 
p.144), and ten structure enhancing actions (Seamon, 2007).

Appropriation to Lay Design

The theory of wholeness is a reaction to the dominant mechanistic way of 
creating order in the world: “In the mechanistic picture, people separate 
all parts from each other and from themselves…” (Jadidi, 2012, p.28). 
According to Alexander, in the last century architects and others involved 
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in building have lost contact with nature as well as the human world. 
Buildings have become anonymous and people can no longer relate to 
them and live comfortably in them. This is in contrast, Alexander states, 
to the many centuries of architectural design that have come before where 
people built houses and objects that were easy to relate to and therefore 
meaningful to live in. The reason for discussing the theory of wholeness 
in this chapter is that it might be relevant within the context of lay design 
where the layperson is brought into the design process in order to partici-
pate in the creation of these objects. Rather than separating the user from 
the designer and maintaining a split between design and use contexts, lay 
design tries to merge these in order to create more meaningful products. 
The theory of wholeness is quite the opposite to Muller’s principle solu-
tion-approach to form giving, where a highly mechanistic method is used, 
since the premise of the theory of wholeness is: “…the whole cannot be 
explained through some sequential, analytical approach that breaks the 
whole into a set of parts and then reassembles them piecemeal by cerebral 
effort as might, for example, a systems approach in ecology” (Seamon, 
2007, p.2).

Conclusion Form Finding
To conclude, the alternative approach of form finding that I attempted to 
unpack by discussing the four ideas of context, computation and nature, 
wholeness, and adhocism is visualised in schema VII (figure 5-1). This 
sketch shows that the approach consists of three main legs, i.e. the ends 
of form finding. First of all, form finding is context-driven, which means 
that the function and the form of a design are informed by the context 
of a layperson. Computation is the means to enable the context-driven 
attitude of form finding and nature is seen here as a source of inspiration. 
Secondly, form finding is pragmatic, spontaneous, and resourceful, which 
means that the layperson can design things in a way that he/she desires 
rather than adhering to a hermetically defined approach. Thirdly, form 
finding is a holistic approach rather than a mechanistic one, and as such 
it deals with the human scale and aims to create life and things to which 
people can relate. This section on form finding articulates my perspective 
on lay design and I use several concepts and notions presented in this 
chapter in setting up the studies in chapters 7, 8, and 9.
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5.4 Code as Design Material
In the previous section, I outlined the starting points of an alternative 
approach of form finding and one of the questions that emerges is what 
the design material looks like. In other words, what is it that the designer 
interacts with?; What is it that he/she uses to shape a design? Code is the 
material of programmers of software; It is their material as clay is the 
sculpture’s material or wood is the carpenter’s material. Code is the design 
material that is suitable for form finding in combination with digital fab-
rication technologies and is seen as the means of accomplishing the end 
of custom-produced products.

Code is a flexible material in that it is easy to manipulate and transfer and 
as a design material it therefore caters to variability and potentially indi-
viduality. Code can also be seen as a material for designing within product 
design to express ideas, represent designs, and communicate designs. 
Code is not a replacement of sketching, rather it is a complimentary tool 
(Woodbury, 2010, p.35). Code allows one to create a level of complexity 
that might be needed to create an appropriate design when using nature 
as a source of inspiration and which cannot be created, or at least is very 
difficult to create, through sketching-by-hand. When a design is repre-
sented in code rather than by a sketch, it is inherently adaptable; It can be 
adjusted by an algorithm or a user to make it fit a specific use or context. 
Using code as a design material does not remove the craft from design, 
rather it merely transfers the craft from a physical, hands-on domain to 
the digital domain of software, this is sometimes referred to as digital craft 
(Oxman, 2007).

The use of code in design practice is not something entirely new. It has 
been used in architecture and to a lesser extent in product, graphic, and 
fashion design. It has also been regularly used in art such as in the work 
of Pascal Dombis titled Irrational Geometries7 and in the music of Iannis 
Xenakis8, which uses mathematical models. Code has been viewed as a 
material that contains the capability to define “transformation rules”, an 
idea that has been tested by John Maeda for graphic design work and 
by Lars Spuybroek in architecture (Giaccardi, 2005, p.344-345). More 
examples of the use of code can be found in Form + Code by Reas and 
McWilliams (2010). In the following sections, I give three examples of the 
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use of code in product design, architecture, and graphic design. First, with 
these examples I want to illustrate the use of code that is already (margin-
ally) present in todays’ design practice and second, I want to analyse the 
role of the designer in these computational design examples. I look at the 
tasks of the designer, the amount of control he/she has in relation to the 
openness, and the involvement of the layperson. Furthermore, I try to 
relate these examples to the four ideas that could contribute to an alterna-
tive approach of form giving put forward in this chapter.

The tools used by designers today in the form giving process are roughly 
threefold: sketching, computer-aided design software, and prototyping 
tools, platforms, and materials (such as foam, clay, wood, milling, open 
electronics boards and 3D printing). These tools are very suitable for form 
giving in industrial design. Sketching is suitable for defining one product, 
not for a hundred variations, especially if these variants are not the 
outcome of a mental imagination process but are based on data or other 
external information sources. Traditional engineering CAD software 
is suited for defining a design. Not all CAD software is parametric and 
allows for generating variations quickly and easily. However, for creating 
variability, other tools, for instance programming environments such as 
Grasshopper9 and Processing10, are more suitable.

Product Design: Breeding Tables
The use of code as a design material in product design is a recent phenom-
enon and not standard practice. However, there are examples such as the 
Automake and FutureFactories research project11, Nervous System’s jewel-
lery12, the D.Dress project13, and lamp designs by Janne Kyttänen and his 
design studio, Freedom of Creation14. I have selected the Breeding Tables 
project for analysis.

Breeding Tables by Stockholm-based design/art studio Kram/Weisshaar15 
is a table concept consisting of many variants that differ from each other 
in the configuration of the legs but are similar in terms of aesthetics, con-
struction, and function (figure 5-2). The purpose of the variability is to 
create configurational instances within the same aesthetics. The instances 
are created by an evolutionary algorithm of some sort which uses a mother 
table and a set of properties that can be defined by the user. The algorithm 
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then generates instances and by only producing each table instance once, 
the producers can guarantee that each consumer gets a unique piece. 
The tables are produced by cutting sheet metal in the first stage and then 
bending the metal strips to get a sound construction.

The designers developed an algorithm, defined its possibilities, and set its 
limits in order to end up with a controlled outcome in terms of aesthetics 
and the ability to create many instances in a particular production process. 
The role of the user can vary, theoretically; The user could be enabled to 
play with the algorithm by altering parameters such as the dimensions of 
the table. Practically, however, the project was never commercialised and 
therefore the user did not get the chance to be a lay designer, as the aim of 
this project was merely to explore what could be possible and it ended up 
as a museum piece. The Breeding Tables leverage the second set of ideas 
that I put forward in the previous section, namely the inspiration of nature 
and the use of computation to generate geometry.

This project showed that product design can be more flexible and open-
ended than it has been traditionally in industrial society. However, this 
project also showed that even though there are many possibilities, they 
have not yet been explored. The design space was kept very small by the 
designers and the differences between the products were merely on a con-
figurational level, and not even an aesthetic level; They all belonged to 
the same family with only minor differences in shape and colour. The use 
of code as a design material opens up many possibilities but in order to 
leverage these possibilities, it is important to better understand the conse-
quences of it for the relation between professional designer and layperson.

Architecture: Site-specific Solar Pavilion
In architecture the use of code has been explored more extensively 
compared to product design; An example of work that used code and 
computation is Subdivided Columns by Michael Hansmeyer16.

I analyse project Endesa17, a solar pavilion that was designed and built in 
Barcelona, Spain (figure 5-3). The pavilion’s facade is covered largely with 
solar panels in order to be self-sustainable in terms of energy produc-
tion and consumption and it was designed specifically for the particular 



Figure 5-2 (left, top): Breeding tables by Kram/Weisshaar

Figure 5-3 (left, bottom): Endesa solar pavilion by IaaC and Rodrigo Rubio

Figure 5-4 (right): Map of the internet by Jeff Johnston
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geographical location in which it was built in order to maximise the gain 
from the solar panels throughout the year. The facade of the building was 
generated based on the path of the sun over the period of a year on a 
specific geographical location. An algorithm was developed to find the 
optimum regarding the maximum gain from solar panels with a certain 
surface area of windows having enough sunlight during the day and 
maximum shade from the blind walls and the overhang of the triangular 
units that hold the solar panels. The pavilion is made from wooden panels 
that were fabricated into specific sizes by laser cutting.

The designer developed the algorithm and the triangular shaped units 
that hold the solar panels. By inputting external data, such as the path 
of the sun in Barcelona, using Autodesk Ecotect Analysis software, the 
geometry for this specific pavilion was generated. The future user of the 
pavilion was not taken into consideration as an active participant in the 
project. The designers call it “form follows energy” and of course this is 
true, but one can also say it is following the energy at a specific location, or 
in a specific context. If one were to move the pavilion to another location, 
the performance of the pavilion would diminish; Therefore, I would argue 
that this project is a case of form follows context.

The Endesa project shows clearly that the use of code as a design material 
does not constitute a threat to the intentions of the designer. This building 
was designed with a certain function and aesthetics in mind and compu-
tation was used to find the optimum solution, which would have been a 
very time consuming activity to do by hand.

Graphic Design: Visualisation of the Internet
In graphic design, coding has been used to visualise complex phenomena 
or large data sets, and also to generate many instances of a logo that are 
all unique and yet belong to the same family, such as the 2011 MIT Media 
Lab logo18.

To illustrate code in graphic design, I analyse the Map of the Internet19, a 
visualisation of the main Internet Service Providers in the world (figure 
5-4). This poster consists of 19,869 system nodes, which are service pro-
viders and other big networks such as universities, and they constitute 
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44,344 connections. The size of the dots and the thickness of the lines are 
based on their eigenvector centrality20, which expresses their importance 
in the network. The graphic designer used a mathematical model and 
code to visualise a complex system according to a certain purpose, namely 
to show the nodes of the Internet network and their importance and 
position within the network. This project shows that using code designers 
can develop graphics that go beyond what is possible with the traditional 
way of working in design. It opens up new possibilities that are difficult, if 
not impossible, to achieve in an analogue way.

5.5 Conclusion
This chapter presented and discussed an alternative approach of form 
finding in design by discussing four directions that could inform it. I pre-
sented current ways of form giving in industrial design and engineering 
design and I presented code as the new design material and exemplified 
the use of code in different areas of design.

This chapter ties in with the rest of the dissertation in two ways. First of 
all, I use some of the concepts presented in this chapter in study 9 (chapter 
9) where I developed a toolkit for audio equipment. Some of the concepts 
that I use are the addition of context in the form-function relation, the 
use of computational geometry such as Voronoi shapes, the general idea 
of adhocism and more specifically the notion I put forward of digital 
adhocism. Secondly, this chapter should be seen as a general framing of 
where form giving might move to in design. When allowing the layperson 
into the design process and adopting flexible manufacturing technology, 
the design process and the role of the professional designer and layperson 
change. Therefore, it is safe to assume that the working method, the way 
of creating a design, is also going to change. Standardisation and replica-
tion make place for variability and this requires reconsidering the current 
approach and design material.
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6.1 Introduction
Lay design is concerned with openness and the previous chapter discussed 
designing openness, how professional designers can design variable or 
incomplete products that can be adapted and further designed by the lay-
person. This chapter presents and discusses how these variable products 
can be fabricated in an automated and efficient way.

I discuss the relation between design and mass manufacturing and look 
at the possibilities that post-industrial fabrication, especially 3D printing, 
brings forth that changes the current relation. In this chapter, I argue for 
adopting 3D printing as an alternative to mass manufacturing technologies 
on the basis of the desired objective of lay design, rather than providing 
a detailed technical account of 3D printing technology. The term 3D 
printing is used throughout this dissertation since it is the popular name 
for additive manufacturing (AM) technology. However, technically, 3D 
printing is a particular process of AM and there are many more processes 
under the umbrella of additive manufacturing (Gibson, Rosen, & Stucker, 
2010, p.6-8). Other terms that have been used for additive manufacturing 
are rapid prototyping, freeform, additive, and digital fabrication. These 
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terms not only refer to AM per se, but also to laser cutting and computer 
numerical control milling.

Adopting 3D printing in lay design is based on the combination of two 
unique characteristics that other manufacturing technologies do not 
possess. First of all, 3D printing enables the automated production of 
one-off items, which is desired if we assume the objectives presented in 
chapter 3, a large scale participation of the layperson in the design of 
everyday products. Secondly, 3D printing enables the fabrication of objects 
that consist of complex geometry (chapter 5) which are difficult or impos-
sible to produce with conventional mass manufacturing technologies.

In this chapter, I first discuss the relation between design and manufac-
turing and put forward two key aspects of post-industrial fabrication. 
Then, I briefly discuss 3D printing technology as an example of post-
industrial fabrication.

6.2 Design’s Dependency on Industrial 
Manufacturing
Industrial design was born out of the industrialisation that emerged 
during the 18th and 19th centuries in the Western world. Industrialisation 
brought forth a division of labour; Tasks were separated so that every 
worker was doing a small part of the production process (Gershenfeld, 
2005, p.34-36). Design and production, before being united in the role 
of the craftsman, were also separated and the domain of different pro-
fessionals. It was necessary to have products designed for industrial 
manufacturing processes in order to secure efficient production. The main 
principles of industrial production are scale and efficiency and the result 
is the production of homogeneous products by using moulds to replicate 
objects in an automated process. High volumes are required to earn back 
the investment of the production of tooling.

The relation between design and manufacturing can be described as 
design being dependent on manufacturing. This can be observed through 
design that deals with manufacturing as well as through manufacturing 
that found a way to deal with design. From the first perspective, industrial 
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design has developed ways to deal with industrial manufacturing in the 
form of design methods that range from methods focusing on designing 
for large groups of people by trying to get insights of user needs, such as 
personas and methods shaped to design for industrial production in the 
form of, for instance, Design For Assembly. From the second perspec-
tive, mass manufacturing has led to the production of variety and choice 
for consumers by having extreme standardisation. An example of far-
reaching standardisation and uniformity that at the same time offers lots 
of variation is the car industry (De Rijk, 2010, p.13). Chassis and motors 
are shared between models and even brands in order to be able to produce 
cost-efficiently while also offering many options for body colour, fabrics, 
and interior features, thereby giving the consumer choices to make the car 
personal and individual. This example shows that the design of a car is to 
a large extent constrained by the manufacturing paradigm.

The logic of industrial design is subordinated to the laws of mass manu-
facturing. The fabrication technology dictates a certain way of operation 
and design is not only constrained but also directed towards a certain path 
by the machines that eventually have to make it. Industrial design cannot 
be seen separately from industrial manufacturing, therefore if we take 
away industrial manufacturing, like we presuppose doing in this research, 
what does industrial design then become? What logic would be desirable? 
To what extent can we rethink industrial design and what will the role of 
the industrial designer look like in a post-industrial design paradigm–
a paradigm not ruled by the laws of industrial production, but one that 
leverages the possibilities of digital fabrication technologies?

6.3 Post-Industrial Fabrication
Freed from the imperatives of industrial manufacturing, lay design could 
pursue the objectives of post-industrial design, as discussed in chapter 3, 
which are variable form, appropriation by the layperson, local and on-
demand, and markets of one. Fabrication in a post-industrial paradigm 
becomes different from what it was in the industrial paradigm. Gibson 
et al. call this the seamlessness between the computer and digital fabri-
cation equipment (Gibson et al., 2010, p.8). I label the two key aspects 
of post-industrial fabrication as follows: fabrication becomes digital and 
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fabrication becomes naturalised.

Fabrication Becomes Digital
Digitalisation of fabrication means that a computer file is used to instruct 
a production machine, for instance when a laser cutter receives coordi-
nates and the laser head moves along a particular path to cut a certain 
shape. Another example is the GCode for a 3D printer telling the extruder 
its path and when to extrude material in order to produce a three dimen-
sional object. In contrast to product-specific ways of manufacturing 
where a mould is often used to define the product, digital fabrication uses 
computer instructions for the machine to define the product.

Manufacturing has evolved over the last century from manual labour to 
mechanisation with machines that more efficiently perform repeating 
actions, to the production line introduced by Henry Ford advancing 
the assembly process. The advent of the computer created the step from 
mechanisation to automation in which processes, such as assembly, 
became computerised. Robots assemble products along a production line 
more efficiently and economically than humans. The next step in the evo-
lution of fabrication is digitalisation where the step is made from mere 
automation of mechanic actions to digitalisation of design. Gershenfeld 
has formulated the digital fabrication revolution as follows: “The result 
would be a revolution that contains, rather than replaces, all of the prior 
revolutions. Industrial production would merge with personal expres-
sion, which would merge with digital design, to bring common sense 
and sensibility to the creation and application of advanced technologies.” 
(Gershenfeld, 2005, p.42). According to this line of thought, fabrication 
will become digitised in the same way that communication and informa-
tion has been digitised (Gershenfeld, 2005, p.241).

Digital fabrication diminishes the imperatives of industrial manufac-
turing. High volumes, upfront investments in tooling, and homogeneity 
in the fabricated products are replaced by one-off items, less or no invest-
ment in tooling, and heterogeneity in the outcomes of the fabrication 
process. The mould as the holder of the product’s specification is replaced 
by a computer file that has machine instructions. This changes the locus 
of information and specification of a design from the mould to the digital 



3D Printing | 119

file. For the sake of clarity, there is a difference between how a design is 
specified and the way a manufacturing process is executed, which is either 
manually or (semi-)automated. Pre-industrial processes were all manual, 
including glass blowing, ceramics, sewing, knitting, wood working, and 
leather making, to name a few examples. Industrial process are automated, 
exemplified for instance by injection moulding or extrusion. These proc-
esses do not involve manual labour to be executed but this does not mean 
that they are included in the category of digital fabrication.

Fabrication Becomes Naturalised
The second aspect of post-industrial fabrication is concerned with the 
process of bringing a physical thing into existence. Fabrication moves 
away from its human and mechanical character and becomes naturalised, 
which means it has been brought “into conformity with nature”1 in the 
sense that the way raw material is handled changes from exerting force 
to shape it to using the natural principle of addition or growth to build 
something. Fabrication becomes an additive process rather than a sub-
tractive or formative process.

To exemplify this change, I placed the additive fabrication process into 
perspective by categorising manufacturing technologies based on the way 
they handle raw material (table 6-1). The four categories identified are 
additive, subtractive, formative, and joining and are adopted from the 
categorisation made by Lefteri (2007). This shows that 3D printing is a 
fundamentally different category than, for instance, injection moulding.

The research in this monograph focuses on post-industrial fabrication and 
the combination of digital and naturalised is interesting since it allows one 
to see design separately from industrial manufacturing and the mecha-
nistic nature of production. In this way, the relation between design and 
manufacturing can be redefined and this is necessary since the current 
relation has turned out to be problematic in terms of sustainability, both 
environmentally as well as social-culturally in today’s society, as discussed 
in chapter 3.



Category of
fabrication
technology

Description Examples

Additive Add layer-by-layer material to 
form an object

3D printing

Subtractive Take away material from a 
larger piece of raw material

Cutting, drilling, laser and water 
jet cutting, (CNC) milling

Formative Press, compress or force
material into/through a mould

Moulding and casting tech-
niques, e.g. injection moulding, 
extrusion, blow moulding,
thermoforming, rotational 
moulding, casting, transfer
moulding, foaming,
compression moulding

Joining Join two or more pieces
together, sometimes by
adding another material
(soldering thin, glue)

Soldering, welding, glueing

Table 6-1: Categorisation of fabrication technologies divided by the way raw material is 
handled, adopted from Lefteri (2007).
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6.4 3D Printing

Principles of 3D Printing
An example of a post-industrial fabrication technology is 3D printing. 
The principle of 3D printing is to fabricate a three-dimensional object by 
putting down layer-by-layer material in the form of a powder, liquid, or 
resin. Different principles exist on the market with many variants, including 
Fused Deposition Modelling, Selective Laser Sintering, Stereolithography, 
and Electron Beam Melting (Gibson, Rosen, & Stucker, 2010, p.27-31; 
Hopkinson, Hague, & Dickens, 2006, p.55-80). The materials that can be 
used for 3D printing are as diverse as the principles, from plastics e.g. 
ABS, PLA, nylon, to metals e.g. stainless steel, brass, titanium alloys, to 
ceramics, to wood-composites, to human tissue–3D bio printing–as well 
as functionally graded materials (Oxman, Keating, & Tsai, 2011). Research 
into the principles, materials, and applications of 3D printing is done in 
the industry as well as in academia; For instance, work on soft mate-
rials (Hudson, 2014), interactive speakers (Ishiguro & Poupyrev, 2014), 
musical instruments (Zoran, 2011), and medical implants (Giannatsis & 
Deboussis, 2009), to mention a few examples.

Towards a Mature Technology
3D Printing technology is maturing as underpinned by the hype cycles 
of emergent technologies2 (figure 6-1), which is divided into five phases, 
from proof-of-concept to mainstream implementation. 3D Printing has 
been included in the hype cycle analysis only since 2008, which was almost 
24 years after its invention, and rapidly moved through the cycle. In 2013, 
a division was made between consumer and enterprise 3D printing to 
note the difference in maturity of both categories of technologies. The 
gap between enterprise and desktop or consumer 3D printers is likely to 
become smaller in the near future with the release of more patents on 3D 
printing technology. The maturing of this technology can also be noted 
from the emergence of an infrastructure around it, from education, to 
consumer services, to online platforms and fairs, to conferences and 
scholarly attention in research.
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The initial purpose of 3D printing was to be able to easily prototype 
plastic parts that would be produced mainly by injection moulding. 
Prototyping has remained the main application of 3D printing for more 
than two decades; Therefore, rapid prototyping or rapid manufacturing 
was the common name for this technology. Designers and engineers 
used 3D printing in the product development process to test and evaluate 
designs on appearance, mechanical properties, and so on. The 3D printing 
industry consisted for a long time of a few large businesses that produced 
large, expensive machines for other business. This is quite similar to the 
computer industry in the 1970’s when computers were only available to 
businesses because they were large and expensive. Most interestingly, the 
industry leaders in computers at that time ignored the consumer market or 
they did not see the potential of what later became the personal computer.

Design Opportunities
3D Printing provides opportunities in comparison with mass manufac-
turing technologies, such as injection moulding. Injection moulding is 
widely used in the manufacturing of consumer electronics for the produc-
tion of plastic parts such as the shells in which electronics are housed. It 
is a technology that allows plastic to be injected under high pressure into 
a mould in order to make large volumes of identical plastic parts (Lefteri, 
2007, p.178-191). In comparison to injection moulding, the opportunities 
of 3D printing are form freedom, one-off run, and on-demand produc-
tion; I explain each opportunity briefly in the next paragraph.

3D Printing brings along an immense amount of form freedom compared 
to the strict way of producing objects with injection moulding. This 
freedom can be identified in comparing design rules for injection 
moulding with those applicable to 3D printing. There are 12 rules when 
considering Design for Manufacturing and Design for Assembly for injec-
tion moulding (Hague, Mansour, & Saleh, 2004) and of these 12 rules, none 
are applicable to 3D printing. For example, non-uniform wall thicknesses 
does not affect the quality of the object in 3D printing while in injec-
tion moulding a large difference in wall thickness means that the material 
cools down unevenly, which could lead to a product failure. 3D Printing 
allows for a geometric complexity that is very difficult or even impossible 
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Figure 6-1: Hype cycle of 3D printing for the years 2008 to 2014 (source: Gartner, hype 
cycle of emergent technologies, www.gartner.com) 



124 | Opening Up Design

to achieve with injection moulding. The work of design studio Freedom 
of Creation3 and the kinetic sculpture Strandbeest4 by Dutch artist Theo 
Jansen, which can be 3D printed in one run yet consists of many parts 
that are able to move, demonstrate this benefit of 3D printing. Geometric 
complexity comes at no cost and the reason why this is an important 
opportunity is not because striving for complexity is a new objective, 
but when taking a nature-inspired design approach, complexity might 
be inevitable. Forms that grow by using algorithms that mimic processes 
found in nature can consist of enormous geometric complexity, which can 
facilitate the functioning of a product and is therefore significant.

3D Printing enables the production of a single item at the same cost as 10, 
100, or 1000 items. This is in contrast with mould-based manufacturing 
technologies which are based on the principle of economies of scale: the 
more items that get produced, the cheaper a single item gets. The reason 
that 3D printing does not depend on economies of scale is that a design is 
produced from a digital file and the 3D printer forms the object according 
to this particular file. After the production of one item, the file can be 
changed and the printer continues. In mass manufacturing, product-
specific tooling, a mould, is produced which then produces many items 
in order to divide the high upfront cost of the mould by the total amount 
of items. The ability to produce a one-off item is crucial in enabling lay 
design since the aim is to have the opportunity for personal products. 
Even though 3D printing allows the production of one-off items relatively 
affordably, there is still a lot of manual labour involved in setting up the 
printer, checking the file, handling the object after printing, and post-
production; It is estimated to be up to 30% of the cost price.

Furthermore, 3D printing enables on-demand production of objects 
without the upfront investment in tooling. In mass manufacturing, there 
is a lead time, between having a finished design and before production can 
start on a large scale, in which the tooling has to be developed.

One of the consequences of the opportunities mentioned is that the 
boundary between a prototype and a production model is blurred. 
Additionally, 3D printing enables faster and more precise iteration 
since the gap between a prototype and a production model is narrowed. 
Besides the opportunities that 3D printing offers in comparison to mass 
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manufacturing technologies, it has certain rules that need to be taken into 
consideration regarding the build direction, support material, sensitivity 
of some materials to sun light, among other things.

Beyond 3D Printing: the Future of Fabrication
Looking beyond the possibilities of 3D printing, I take a glance at what 
the future of fabrication might be by discussing several directions that are 
getting attention in research today. Gershenfeld states that the implica-
tions of fabrication becoming digital are more far-reaching than one may 
think: “To even call digital fabrication a manufacturing technology risks 
trivialising it, just as the original dry descriptions of thresholds in circuits 
for communication and computation hid their eventual implications in 
the creation of Web sites…” and “…the historical analogy between the 
digitalisation of computation and fabrication does suggest the nature of 
the eventual answer: personalisation” (Gershenfeld, 2005, p.241). In other 
words, 3D printing is just the beginning of a potential way to have personal 
fabrication, and a notable endeavour is the development of programmable 
matter, also referred to as 4D printing or self-assembly (Tibbits, 2014). 
Programmable matter is not controlled by a computer but the matter is 
the computer itself; The principle resembles the cells in a human body that 
collaboratively construct a working organism.

6.5 Conclusion
In this chapter, I presented 3D printing technology and discussed the 
characteristics, opportunities, and implications of it to design. 3D Printing 
has come a long way from a prototyping technology to the use for end-use 
fabrication of everyday objects. However, the uses of 3D printing are just 
beginning to be explored and it will take time before it becomes widely 
implemented. Opening up the technology to more companies and the 
consumer market will spark the development and application of it to a 
new level that is hard to foresee. New technologies and advancements 
in 3D printing, such as self-assembling matter, will take 3D printing a 
step further in even more digitised and nature-inspired ways. However, 
the principles outlined in this chapter apply to 4D printing as well. 3D 
Printing as we know it today might just be an intermediate step in a 



broader evolution of the fabrication of physical objects.

Notes:
1: Merriam-Webster dictionary, search term: naturalisation, www.merriam-webster.com, last visited: 
12 January 2015
2: Gartner, hype cycle of emergent technologies, http://www.gartner.com/technology/research/
methodologies/hype-cycle.jsp, last visited: 13 February 2015
3: Freedom of Creation, www.freedomofcreation.com, last visited: 23 October 2014
4: 3D Printed Strandbeest, Theo Jansen, www.strandbeest.com/shop/beasts_3d.php, last visited: 23 
October 2014



Part III is concerned with different types of investigations, which I refer 
to as Studies 1 to 9, and which contain analysis, conceptualisations, and 
experiments (figure 7-0). The overall structure can be formulated as mov-
ing from examining to exploring to investigating with each study having 
its own character, aim, methods, and scope. The division of this part into 
three chapters is based on the character of the studies. The studies in chap-
ters 7 and 8 were not necessarily performed chronologically; It was rather 
an iterative process.

Chapter 7 “Examining Toolkits and Design Spaces” is concerned with 
analysing existing toolkits and design spaces, and developing models that 
describe, disseminate, and explain them (studies 1 to 4). In chapter 7, I 
also conceptualise the notion of openness (study 5).

Chapter 8 “Exploring Layperson Participation” is concerned with explora-
tive experiments that investigate the layperson, who is engaged in a design 
activity through toolkits. In particular, I focus on parametric and algorith-
mic design approaches (studies 6-8).

III

Investigations
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Chapter 9 “Investigating a Future Lay Design Scenario” brings together 
the research and investigates a particular lay design future where the lay-
person participates to design audio equipment (study 9). By developing 
a prototype of a toolkit and interviewing design practitioners, several 
aspects, such as accountability, aesthetics, and form giving are examined.

Figure 7-0: Visualisation of the studies 1 to 9 that are presented in       
chapters 7, 8, and 9 



7.1 Introduction
As discussed in chapter 2, the technological actor of lay design, toolkits, is 
examined by analysing, unpacking, and conceptualising and developing 
models that tackle different aspects of lay design and the use of toolkits. 
A toolkit is defined as a materialisation of a design space that enables a 
creative activity (chapter 2). I expand the three terms toolkit, design space, 
and creative activity, with tactics and openness and use these increas-
ingly abstract terms to structure this chapter. Five qualitative analyses are 
presented here that examine toolkits (study 1), design spaces (study 2), 
creative activities (study 3), tactics (study 4), and openness (study 5).

The first study is a mapping of existing toolkits along two dimensions, 
namely competence of the user and scope of the toolkit. The aim is to gain 
a better understanding of existing toolkits by positioning them relative 
to each other and to identify gaps in the current offering of toolkits. The 
second study focuses on constrained design spaces and the outcome of 
this study is a model that disseminates and describes how a design space 
is built up and what it consists of. In the third study, a model is devel-
oped that categorises any creative activity along two dimensions, namely 

7

Examining Toolkits 

and Design Spaces
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outcome of the process and guidance of the user, during the design 
process. The aim is to gain an understanding of the different ways the lay-
person can be involved in design in regard to imagination and autonomy. 
Study 4 examines the changing object of design by analysing existing 
projects from design practice and putting forward different ways, or so-
called tactics, that can be used to deal with individuality. The fifth study 
focuses on the notion of openness in toolkits and unpacks this into two 
dimensions, namely indeterminacy of the competence of the layperson 
and unknowability of the outcome of a design process.

7.2 Study 1: Mapping of 3D Content 
Creation Toolkits

Introduction
The goal of mapping toolkits was to gain an understanding of the purpose 
and character of toolkits as well as to identify gaps in the offerings of a 
particular category of toolkits, namely 3D content creation toolkits, which 
are of interest in this research. 3D content creation toolkits enable the 
user to design a physical product in a digital environment, as discussed in 
“Human and Technological Actors” (chapter 2). The reason to perform a 
mapping of toolkits was that there are many toolkits available in all sorts 
and kinds and a relevant classification is lacking. In order to investigate 
and develop new toolkits, one must first plot what exists and understand 
what the existing toolkits mean; Why were they developed, what audience 
do they target, and what is their aim? This mapping did not deal with 
the more practical aspects that are typically found in a comparison, for 
instance aspects such as price, platform availability (for software), partic-
ular features, and so on, but focused instead on an overall categorisation. 
First, I explain the method used for this mapping and then three mappings 
are presented for application domains, namely digital music production, 
content management systems, and construction and prototyping. Finally, 
I present the mapping of 3D content creation toolkits followed by insights 
and a conclusion.
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Method
Mapping is an analytical method that allows one to examine a large 
amount of existing items in order to categorise these times and find 
potential gaps. The mapping provides a more abstract understanding to 
describe the key aspects. This mapping was done on a diagram with two 
dimensions, namely competence and scope. Scope is used here as the “range 
of operation”1 or the breadth of the toolkit; The toolkit can range from 
being product-specific, to domain-specific, or having a general purpose. I 
defined competence as “the ability to do something well”2 or the capability 
of the user to use the toolkit as needed. This dimension ranges from low 
to high and indicates how well a user masters a toolkit. I developed this 
mapping into a model (schema VIII, figure 7-1) with the horizontal axis 
being competence and the vertical axis being scope. Both dimensions are 
continuous which means that for competence, the scale moves gradually 
from low to high competence, and for the scope axis, it moves gradually 
from product-specific to general purpose.

Analysis of Other Toolkit Domains
Before I present the mapping of the 3D content creation toolkits, I look at 
other toolkit domains and map these onto the model (schema VIII).

Digital Music Production

Digital music production toolkits, also referred to as digital audio work-
stations (DAW), allow their users to compose, record, and produce music. 
These software applications enable the production of a wide range of 
music genres, from recording real instruments, to composing completely 
electronic songs. Examples are Ableton Live, ProTools, Logic, Fruity 
Loops, Renoise, Garageband, and Magix Musicmaker3. In mapping 
music production toolkits, I have seen that a varying degree of layperson 
involvement exists and is realised by using different mechanisms. Ableton 
Live enables an increasing degree of involvement from beginner level to 
advanced by providing presets and loops as well as a visual programming 
environment that gives full control to the user to adapt and design instru-
ments, effects, and the way the software works. A continuous learning 
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Figure 7-1: Schema VIII Mapping of toolkits along the two dimensions scope of toolkit 
and competence of user in the domains of digital music production (left page, top), 
content management systems (left page, middle), construction and prototyping (left 

page, bottom) and 3D content creation (this page).
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curve allows the user to start with a low competence level and gradually 
learn and master the activity. The widening scope concerns the reach of 
the toolkit and over time the layperson is able to move from adapting 
existing loops to creating an imagined composition.

Content Management Systems

Content management system (CMS) are online tools for creating and 
maintaining websites and blogs and can be seen as toolkits. A CMS toolkit 
enables one to design a website which is done in different ways from 
editing text and images in a WYSIWYG-way to coding HTML. Examples 
of popular CMS toolkits are Wordpress.org and Wordpress.com, Joomla!, 
Drupal, Umbraco, Tumblr, and Cargo Collective4. The insight from this 
mapping exercise was the identification of a varying degree of user involve-
ment through a continuous learning curve. For instance, Wordpress offers 
two different versions of their CMS aimed at users with different skill 
levels; Within the more advanced version there are features that appeal to 
different user skill levels. One can configure a website by simply clicking 
and filling out text fields, but one can also dive into the code and start 
designing something from scratch or adapting something existing.

Construction and Prototyping

The domain of construction and prototyping is concerned with toolkits 
that enable users to make digital or physical prototypes. The audience 
of these toolkits varies from children to makers and hobbyists, design 
students, and designers. The purpose is to prototype, which means to 
explore and quickly make ideas tangible. This is different from 3D content 
creation toolkits that aim for end-use products. However, this category of 
toolkits is not meant to produce polished end results, but enables quick-
and-dirty prototyping. Research that focuses on these toolkits is referred 
to as construction kits (Resnick & Silverman, 2005) and is performed, 
for instance, in the Lifelong Kindergarten5 research group. The website 
Sketching in Hardware6 provides an elaborate list of toolkits that fit into 
this category; A few examples are LEGO Mindstorms, Scratch, Makey 
Makey, littleBits, Arduino, .NET gadgeteer, and TinkerKit7. The insight 
from this mapping was again the continuous learning curve which allows 
users with different skill levels to use the toolkit for their own needs. This 
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continuous involvement is not as clearly present as in the music produc-
tion domain, for instance, but one could say that Arduino does address 
different levels of user involvement.

Analyses of 3D Content Creation Toolkits
3D content creation toolkits are focused on enabling the user to customise, 
make, or design end-use products. Within this domain, I distinguished 
three categories of toolkits, namely mass customisation toolkits, con-
sumer-oriented CAD applications and professional computer-aided 
design (CAD) applications.

Mass customisation toolkits

The first category is mass customisation toolkits, which are characterised 
by focusing on one particular product and no competence being required. 
Typically, a mass customisation toolkit allows a consumer to customise a 
product through configuration with an easy-to-use interface. The purpose 
of these toolkits is to enable the customisation of mass produced consumer 
products by the layperson. Mass customisation toolkits are often limited 
in scope due to technological manufacturing constraints. Examples of 
mass customisation toolkits can be found in the Configurator-database8, 
an online database of more than 900 toolkits. Some well-known examples 
therein are Dell, NikeID, and MyMuesli. More recent examples that use 
digital fabrication technologies are Parametric Parts, SketchChair, D.dress, 
Nervous Systsems, Zazzy, Suuz, Makerbot Customizer, and the creators of 
Shapeways and iMaterialise9.

Professional CAD applications

The second category is professional CAD software packages that are 
located on the opposite corner of the schema. They can be used to design 
almost anything and considerable competence is needed to use them. 
Professional designers commonly use these software packages. The 
purpose of this software type is to enable professionals to create produc-
tion-ready 3D models and drawings and turn their ideas and concepts 
into detailed models. Typical examples of these software packages are 
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Solidworks, Rhinoceros, Autodesk AutoCAD, Blender, Parametric Parts, 
OpenSCAD, and SketchUp Pro10.

Consumer-oriented CAD applications

A relatively new category has emerged that I labelled as consumer-ori-
ented CAD. Consumer-oriented CAD software often consists of simplified 
versions of professional CAD packages with the main goal of appealing to 
an audience of DIY enthusiasts, hobbyists, and makers. Some toolkits exists 
in both categories, such as SketchUp, which has a professional version 
and a consumer-oriented version. Consumer-oriented toolkits are more 
limited in terms of functionality and therefore scope. The competence 
needed by the user is lower, although many users can still be considered 
to be experts. The purpose with most of these software packages is to 
enable hobbyists to make digital designs that can be produced by digital 
fabrication technologies found in FabLabs and maker spaces. Examples 
of consumer-oriented CAD applications are SketchUp Make, Autodesk 
123D and TinkerCAD, 3DTin, Doodle3D, and Ultishaper11.

Findings
In the mapping, I identified three gaps in the existing offering of 3D 
content creation toolkits (schema VIII, figure 7-1). The first gap is the lack 
of toolkits in the quarter that is characterised by product-specific scope 
and high competence (gap A). What I have seen is that toolkits are either 
positioned in the lower-left or the upper-right quarter. The lower-left 
quarter is characterised by product-specific and limited in scope while 
the upper-right quarter is concerned with general purpose and a wide 
scope. There seems to be an absence of toolkits that focus on one product 
that allow the user to be very free in designing this particular product. The 
second gap lies between mass customisation toolkits in the lower-left part 
and the consumer-oriented CAD packages (gap B). This gap is twofold, 
both in terms of scope as well as competence. Mass customisation toolkits 
involve the layperson in the design process, but the extent of involvement is 
rather limited. The toolkits are often centred on one product and conform 
to a specific brand identity. The design space for the layperson is directed 
and primarily focuses on aesthetics. Consumer-oriented CAD opens up 
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design for non-designers, such as hobbyists and makers, and therefore it 
could be seen as an attempt to bridge the gap. However, it still requires 
substantial knowledge and time to learn these products. The empty space 
in the upper-left quarter is characterised by low competence and general 
purpose (gap C). In this area, toolkits are positioned that do not require 
much competence, but enable their users to use them for many purposes. 
This gap is an ideal space and somewhat implausible; Therefore, I did not 
find an example of a toolkit that fits this space.

Certain toolkits provide a blank canvas while others come with content, 
such as template designs and modules. This can be roughly mapped onto 
the vertical scope dimension. The upper half is typically populated with 
toolkits that provide a blank canvas while the lower part is concerned with 
toolkits that provide content. However, this distinction is not strictly like 
this since some toolkits are linked to content platforms, e.g. Thingiverse 
and Youmagine12, from which the user can take and contribute 3D models.

Conclusion
This mapping of 3D content creation toolkits led to identifying three gaps 
in existing offerings and the main insight is the notion of an increasing 
user involvement through a continuous learning curve. Furthermore, the 
dimension of scope ranges from product-specific to general purpose, and 
from the analysis it can be noted that domain-specific toolkits do not exist; 
Therefore this might be an opportunity to explore. This type of toolkit 
would sit somewhere between product-specific and general purpose and 
would contain a domain rather than a single product or product category.

7.3 Study 2: Disseminating Determined 
Design Spaces

Introduction
NikeID13 is a toolkit, which offers the layperson the possibility of designing 
a pair of shoes. When entering the website, one can select a shoe based on 
gender, sport, or collection and for each shoe one can customise the colour 
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and choose some of the materials. The number of sneakers this toolkit can 
produce is vast while at the same time Nike’s brand identity is carefully 
maintained. A design space (Berger & Piller, 2003) encompasses all the 
possible designs a toolkit, in this case NikeID, can produce and it mediates 
between the designer’s intent and the autonomy of the layperson.

A design space can be constrained for several reasons, i.e. maintaining 
a brand identity, making it easy for non-designers to engage in design, 
and technological constraints in the manufacturing process might dictate 
certain boundaries. The aim of this study was to gain an understanding of 
design spaces and I did this by proposing a model for evaluating design 
spaces of toolkits focusing on the autonomy of the layperson. When one is 
developing a toolkit, it is important to understand the creative freedom a 
design space offers to the user. This study is structured as follows: a model 
is introduced for evaluating toolkits and is followed by the analysis of 12 
toolkits. Then, the three main findings are presented and the implications 
for industrial designers are discussed.

Method

Developing the Model

In a lay design scenario, a layperson has an active role in the design of 
a product and interacts with that design through a toolkit. In trying to 
understand the construction of a design space and the role of the layperson, 
one can examine the toolkit itself. To compare and evaluate toolkits with 
each other, an analytical model is proposed. My assumption was that a 
toolkit possesses a trade-off between the autonomy of the layperson and 
the intent of the designer in terms of the product as well as the process. 
This autonomy in a toolkit can be seen as the creative space one has to 
design the product to his/her own needs. This freedom is not only con-
cerned with the outcome of the toolkit, but also with the freedom one has 
to decide on the process. The intent of the designer, however, is concerned 
with the control he/she has over the design–what parts of the design can 
be altered and what needs to be determined in order to maintain a certain 
design intention.

The model sees product customisation as a creative task, as discussed in 
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“Human and Technological Actors” (chapter 2), and adopts the notion 
of experiential creation, as defined by Dahl and Moreau. This definition 
consists of two factors: the level to which the target outcome is dictated 
and the amount of guidance provided when creating an outcome (Dahl & 
Moreau, 2007, p.358). My model also builds on the definition of Walcher 
and Piller (2012, p.18), who define creativity with regard to product cus-
tomisation in a similar way, namely the amount of freedom the toolkit 
offers and the ability to let one’s creativity reign free. I chose to use target 
outcome and guidance as the two dimensions of a creative task enabled by 
toolkits and I unpacked these dimensions into several aspects.

Analysis Setup

The aim of this analysis was to show that the model is an effective prag-
matic tool for understanding the design space of a toolkit. A number of 
toolkits were selected for analysis according to three criteria: the toolkit 
focuses on consumer products, the toolkit enables design through a web-
based interface, and the toolkit enables online ordering of the product. 
Furthermore, the selection of toolkits had to cover a wide variety of 
product categories and all four identified mechanisms had to be repre-
sented equally. The selection of toolkits was only a small sample from 
the commercially available toolkits. The focus of this analysis was on the 
particular toolkit and the understanding of its characteristics and features, 
rather than on providing a benchmark study of the whole market.

A Model for Evaluating the Determined Design Space 
of Toolkits
The model consists of the two dimensions target outcome and guidance, 
which I unpacked into several aspects (schema IX, figure 7-2).

Dimension 1: Target Outcome

 › Product attributes: Which hard and soft product attributes can be 
altered with the toolkit?

 › Mechanisms: Which mechanism enable the layperson to design a 
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product? In other words, what enables the high process flexibility 
required for lay design?

 › Choice: How many options are offered to the layperson in terms of 
number and variety ?

Dimensions 2: Guidance

 › Starting point: How does the layperson begin the design process? 
This can be done by offering a blank canvas or through design 
templates.

 › Guiding method: How is the layperson guided through the design 
process? This can be done through sequential or non-sequential steps.

 › Instructions: What type and amount of instructions are provided to 
the layperson when engaged in the creative task?

 › Feedback: What type of feedback is provided to the layperson and 
when is the feedback delivered? It could be visual, audible, or another 
form of feedback. The feedback can be delivered in real-time or after 
(parts of) the task.

Target Outcome

Target outcome is characterised by three aspects, namely product 
attributes, mechanisms, and choice.

Product attributes

A toolkit enables the layperson to design a product to their preferences 
by altering one or more product attributes. One can for instance pick 
the colour of a smart phone case, determine the size and fit of a shirt, or 
choose the material of a piece of furniture. In all these cases the layperson 
makes decisions about product attributes, i.e. colour, dimensions, and 
materials. Therefore, lay design can be seen as defining the characteristics 
and qualities of a product.

One way to tackle product attributes is to divide them into hard and 
soft (Lenau & Boelskifte, 2004) or physical and appearance properties 
(Blijlevens, Creusen & Schoormans, 2009). The hard attributes make up 
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the physical product, e.g. colour, texture, material. The soft attribute is the 
meaning derived from the physical product. In this study, hard product 
attributes are regarded as layers of a product, ranging from core–the 
function–to skin–the surface–. A range of product attributes is derived 
from existing toolkits: function; features; structure or arrangement of 
components; material and its properties e.g. colour, strength, stiffness, 
texture, conductivity, transparency; shape; dimensions; and surface, 
including colour, engraving, etching, embroidery, graphical prints. A 
product attribute can either be altered in a discreet or continuous way. 
Discreet means that there are a limited number of options, for example 
the attribute colour has 10 instances. Whereas continuous is used in that 
it varies over a range, colour on a screen consists of the three components 
red, green, and blue that each range from 0 to 255. Soft product attributes, 
however, are a combination of physical properties that give a product a 
certain meaning. They can be divided into sensory, symbolic, and stylistic 
attributes (Johnson, Lenay, & Ashby, 2003; Lenau & Boelskifte, 2004). 
Sensory attributes are aesthetic properties such as feel, texture, and form. 
Symbolic attributes are verbalised by words like aggressive, cheap, trendy, 
or exclusive. Stylistic refers to the different stylistic movements such as 
Art Nouveau, Modernism, or Retro.

Mechanisms

Lay design deals with offering the possibility for the layperson to design 
unique products. Tseng and Jiao’s definition states that mass customisa-
tion does this with near mass production efficiency (Tseng & Jiao, 2001). 
In order to offer unique products at large scale efficiency, highly flexible 
systems are used. A mechanism is an enabling technique to gain the high 
level process flexibility needed for offering customisable products.

The model proposed four different mechanisms that were derived from 
existing toolkits. Veneer (A) is a mechanism for customising products 
by adding a visual, decorative layer to a mass produced product. This 
method is a common way of offering mass customisation in today’s 
market. Companies like Zazzle14 use it by printing custom texts and 
graphics onto a large variety of mass produced products, ranging from 
coffee cups, to T-shirts and smart phone cases. Besides printing graphics 
on products, methods like engraving, etching, and embroidery are often 
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used. Modularity (B) is another way of obtaining high process flexibility 
by combining and assembling mass produced modules or components to 
form a personal design (Kratochvil & Carson, 2005). Von Hippel states 
that a toolkit consists of modules (Von Hippel, 2001). The total number 
of designs in a modular toolkit is limited by the number of combina-
tions formed from the modules. Although limited, in reality this number 
is often extremely high. Parametric design (C) is based on a 3D model 
which can be modified by changing parameter values. The model consists 
of parts or features that are interrelated; By changing one parameter, the 
dependent features change dynamically in a specified manner (Monedero, 
2000). For example, a model of a tube can be modified by a parameter 
radius and a parameter height and these two parameters can be related 
to each other in any way. Rather than veneer or modularity, the manu-
facturing stage is postponed in its entirety until after the design stage. 
The fourth mechanism, generative design (D), is an approach based on 
using code and scripting to synthesise two or three dimensional forms 
(McCormack, Dorin, & Innocent, 2004). An example of generative design 
is used in the D.dress15 toolkit, which generates a dress by triangulation of 
a user-designed shape and is produced only after it has been configured.

Choice

A toolkit allows the layperson to influence certain product attributes and 
a mechanism is used to realise high process flexibility. Every toolkit has 
its own design space; Some toolkits are very restrictive whereas others 
are open and support a large number of different products. The size of 
the design space is an indicator when determining how much the target 
outcome is dictated by the toolkit. The size is determined by two factors: 
the number of options and the variety of these options. Variety can be 
established by having different variable attributes and offering variety 
within one attribute. The wider the design space, the more freedom a lay-
person has in creating his/her own design.

Guidance

Target outcome is concerned with the result of a toolkit whereas guidance 
is concerned with the process of the design task. The toolkit designer 
not only has an influence on the product but also the process of design. 



Examining Toolkits and Design Spaces | 145

The process is defined by the starting point, guiding method, provided 
instructions, and feedback that the layperson receives along the way.

Starting Point

Toolkits can direct the user from the start of the design process by offering 
design templates or leaving it up to the user by offering a blank canvas. 
Design templates are used to inspire and jump start the process; For 
example, when one enters the NikeID website, a large variety of shoes are 
presented from which to choose.

Guiding Method

After deciding on the starting point, the layperson is guided through the 
design in one way or another. The most restricted toolkits use sequential 
steps that take the user by the hand and walk them through all the different 
steps. Another possibility is that the options of the toolkit are presented 
without a clear path to follow; In this case, it is up to the layperson to 
explore and find his way in the design space.

Instructions

The task can be supported by providing instructions along the way. This 
can be done in several ways, such as providing instructions upfront or 
during the process, or allowing the user to unlock additional informa-
tion about a specific step or option. One of the characteristics of toolkits 
is learning by trial-and-error (Von Hippel, 2001, p.250); Therefore, the 
toolkit should allow experimentation and going back and forth during the 
design process. Instructions are passive support from the toolkit whereas 
feedback is active.

Feedback

The last aspect of guidance is the feedback the user receives from the 
toolkit. Feedback can be given in different forms, e.g. visual, audible, 
and in different time frames, i.e. real-time or after the design task. The 
proposed model for evaluating the design space of toolkits is based on 
target outcome and guidance. It provides a way of framing different design 
spaces and provides a vocabulary for talking about them.
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Visualisation of the Model

The model is visualised for clarity and to easily communicate it among 
toolkit developers and designers, it has been visualised in a diagram 
(figure 7-2). The circle is divided into four quarters that represent the four 
mechanisms and seven layers that represent the product attributes. The 
layers are–from inside to outside–function, features, structure, material, 
shape, dimensions and finally the skin of the product. Besides the physical 
product attributes and the mechanisms that are visualised in the circular 
graph, the choice is depicted as the number of options that the toolkit 
offers.

Results
The analysis consisted of applying the proposed model for evaluating the 
design space of toolkits to a selected number of toolkits16 (schema IX, 
figure 7-2). Some results of the analysis are presented by mechanism, from 
veneer, to modularity, parametric, and generative.

Veneer: Toolkit NikeID

Three toolkits, sunglasses by Oakley, shoes by Nike, and smart phone 
cases by CaseMate, are analysed by applying the proposed model. NikeID 
offers a toolkit for customising the aesthetics of sneakers. The visualisa-
tion shows the variable product attributes and mechanisms. The NikeID 
toolkit offers several design templates as well as a blank canvas from 
which to start designing. The layperson is guided through the process by 
sequential numbered steps and no additional instructions are provided. 
When designing a sneaker, the feedback is given in real-time, selecting a 
new colour results directly in an updated design.

Modular: Toolkit Dell

Dell offers the design of desktop computers through a modular system 
of selecting functional components of a pre-defined computer system. 
The product attributes features and functionality can be modified. The 
layperson is guided step-by-step through the process with additional 
information about the components and help-me-choose functionality. 
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The feedback is only given in the price; The visual is not updated with the 
changes made.

Parametric: Toolkit Cell Cycle

Nervous System offers a parametric toolkit that allows one to design jew-
ellery like bracelets, earrings, necklaces, rings, and brooches. This analysis 
focused on the custom cell cycle, a bracelet, which enables influence 
on the dimension and structure, i.e. shape and material. The shape and 
dimensions of the bracelet can be designed by eight parametric sliders 
that influence the structure as well as the shape. For the dimension there 
are also a number of presets available. Choice is high in number but low 
in variety. The guidance in the toolkit is characterised by design presets 
and is in no particular order for altering the product attributes. The user 
gets feedback in real-time through a 3D model that can be explored in 3D 
space and an optional two-dimensional model. There are no additional 
instructions offered.

Generative: Toolkit SketchChair

SketchChair is a generative toolkit that enables one to sketch the side view 
of a chair. The software extrudes the two-dimensional shape and generates 
a waffle structure that can be laser cut into a range of materials including 
wood, cardboard, and acrylic. The layperson can choose to draw what he/
she likes and explore the design space in his/her own way.

Findings
Three relevant issues that came up in the analysis of the toolkits are 
discussed and concern the strong focus on hard product attributes, the 
emphasis of many toolkits on altering lower-level product attributes, and 
the lack of uniqueness in the outcomes. Each finding is discussed in more 
detail and clarified with an example.

Focus on Hard Product Attributes

The first finding concerns the strong focus in the analysed toolkits on 
hard product attributes. Hard product attributes are the physical and 
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tangible attributes such as colour, material, and dimensions, to name a 
few. Most toolkits present the creative task as a process of selecting from 
options or altering parameters or algorithms and primarily focus on the 
tangible aspects. The attention of the task is focused on selecting hard 
product attributes rather than on, equally important, intangible proper-
ties. Although one shapes the meaning of a product by altering the hard 
product attributes, the toolkit does not allow to selecting a meaning which 
in turn defines the hard product attributes (which is questionable in any 
case). The semantics of a product is an important factor for consumers 
in deciding to purchase or reject a certain product. The question is why 
the meaning is not directly and explicitly used as a variable attribute. This 
particular focus is partly caused by the enabling mechanisms and produc-
tion technologies. The mechanisms help to understand how toolkits work 
and why certain customisation is possible. Most current toolkits use the 
veneer or modularity mechanism combined with conventional mass pro-
duction techniques. The parametric and generative mechanisms typically 
use digital fabrication technologies like laser cutting, CNC milling, or 3D 
printing. The flexibility of these technologies in producing one-offs is far 
larger than conventional line production techniques and thus they open 
up possibilities that were previously unthinkable. The opportunities that 
these mechanisms yield for lay design have yet to be fully understood and 
explored.

Emphasis on Lower-level Product Attributes

The second finding concerns the emphasis in many toolkits on lower-level 
product attributes. In other words, many mass customisation toolkits 
offer customisation of product attributes, such as colour and surface 
prints, rather than shape, material properties, or features. The focus of 
many toolkits is adding a decorative layer to an existing design rather than 
conceptualising a new design. As demonstrated with the case study of the 
parametric mechanism, it is possible to offer different, higher level product 
attributes. In that specific case, a parametric 3D model and digital fabri-
cation was used to enable the required flexibility. Offering the layperson 
influence on higher-level product attributes, the core of the product, i.e. 
the function, leads to new possibilities for product offerings that can dif-
ferentiate from current offerings.
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Lack of Uniqueness in Outcomes

The third finding concerns the lack of uniqueness in the outcomes of a 
particular toolkit. The choice in a design space can be defined by two 
dimensions; First, the number of options one has and second, the variety 
within these options. The number of options in a toolkit is often very 
high, for instance, the NikeID toolkit offers a large amount of possible 
outcomes. However, the uniqueness of these outcomes is limited since 
one can only alter appearance attributes. Every sneaker that it produces 
is still recognisable as a Nike shoe. Although the uniqueness might not be 
significant, the perceived uniqueness by the layperson might be. Does the 
layperson have the feeling he/she has been tricked or does he/she, even 
though there is not much difference between the designs, still feel that 
he/she can create what he/she wants? If more diversity in the outcomes is 
desirable, then this lack of uniqueness could be resolved by a toolkit that 
combines a range of diverse product attributes. For instance, allowing the 
user to alter material properties, features, or shape might lead to more 
diversity and satisfaction.

Conclusion
This study has shown that it is possible to study the design spaces of 
toolkits and that there are differences between these spaces. This model 
is one approach to evaluating design spaces and there are probably dif-
ferent approaches to evaluating and analysing the design space that may 
reveal other aspects. The autonomy of the layperson not only concerns 
the outcome of the toolkit and the personal product, but also the freedom 
in the process of designing. The analysis used the seven aspects of the 
proposed model to examine the design spaces of a number of toolkits. 
The result of this analysis gives insight into the construction of the design 
spaces by identifying the product attributes, mechanisms, choice, and 
the guidance offered. Importantly, toolkits do not use one mechanism 
exclusively. In some cases, more than one mechanism is used to enable 
variability.

The limitations of this analysis concern the number of toolkits reviewed 
per mechanism. In this study, an equal number of toolkits for each mecha-
nism were taken, which is not representative of today’s offer in industry. 
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The mechanisms veneer and modularity are far more commonly devel-
oped and implemented. The definition of the latter two mechanisms, 
parametric and generative, could be improved and grounded better.

The model and analysis presented in this study were a first step in quali-
tatively evaluating the design space of toolkits and moving towards a 
thorough understanding of the role of the layperson and designer in 
creative tasks. The next study zoomed out and focused on different creative 
tasks that can be performed with a toolkit.

7.4 Study 3: Lay Design Model

Introduction
Study 3 introduces a lay design model for positioning lay design activities 
from restrictive to open cases. This model was developed based on studies 
1 and 2, which looked at the design space and the type of toolkit in regard 
to scope and dimension. The model developed in this study is focused on 
the design activity itself. The role of the lay designer is also discussed for 
these activities and I present this role as a continuum that ranges from the 
passive consumer to the professional designer.

Method: Setup of Lay Design Model
The layperson can participate in design in a number of ways; A novice 
can configure a website through a content management system, arrange 
a piece of electronic music, or customise jewellery to 3D print. The lay 
design model (schema X, figure 7-3) is built on the concept of experien-
tial creation (Dahl & Moreau, 2007) and four levels of creativity (Sanders 
& Stappers, 2008). Experiential creation is defined as “the universe of 
activities in which a consumer actively produces an outcome” (Dahl 
& Moreau, 2007, p. 358). Creation is seen as an activity that has to be 
experienced first-hand and it can be anything from bringing something 
new into being, to hacking or remixing a thing that already exists. The 
second concept that was used as a basis for the model is the four levels 
of creativity. I use the four levels to describe what the layperson is doing 
in each quadrant in the following way: from adapting, to making, doing, 
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and creating, where adapting is the most restrictive form and creating is 
the most open. The model consists of a horizontal axis of undetermined 
to determined outcome and a vertical axis of no guidance to step-by-step 
guidance. The outcome axis is concerned with the degree to which the 
outcome is determined beforehand, while the guidance axis is concerned 
with the instructions provided for the user of the toolkit. The axes divide 
the model into four quadrants, namely restrictive, open, technique, and 
exploratory. Diagonal arrows connect quadrants; One arrow is drawn 
between technique and exploratory and another between restrictive and 
open. The first arrow deals with the process of creation, from a rigid and 
well-defined process in the technique quadrant to an open and undefined 
process in the exploratory quadrant. The second arrow is concerned with 
the outcome of creation, where the restrictive quadrant is product-specific 
and the open quadrant has no determined outcome.

Results and Findings
To explain and discuss this model further, I used an example of a design 
activity for each quadrant and connected the quadrants by discussing how 
one can move from one to the other as well as move within a quadrant. 
Finally, I established a link between this model and the role of the lay 
designer.

Four Quadrants: Imagination and Responsibility

Each quadrant requires a certain amount of imagination as well as a 
certain responsibility for the outcome. In schema X (figure 7-3), the 
horizontal axis depicts the outcome from undetermined to determined, 
or in other words, from requiring user imagination to not requiring it. 
The vertical axis depicts guidance and here the responsibility increases 
when moving from step-by-step guidance to no guidance at all on the 
top. I described each quadrant and gave a typical example to illustrate the 
increasing imagination and responsibility demanded of the layperson.

The restrictive quadrant is characterised by a determined outcome and 
step-by-step guidance. The most restrictive example would be IKEA flat-
packed furniture that has to be assembled by the consumer. It is clear to 
the consumer what the outcome will be (no imagination needed) and a 
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manual provides step-by-step guidance to assemble the item. The restric-
tive quadrant is mainly concerned with realising a design rather than 
conceptualising it, and therefore this section is dominated by toolkits that 
are goal-oriented where the layperson knows exactly what he/she gets.

Opposite to restrictive is the open quadrant where the outcome is unde-
termined and guidance is not provided. Open toolkits are concerned with 
conceptualising as well as realising a design; Therefore, this quadrant is 
labelled as creating. A typical example is a toolbox with a hammer, saw, 
and screwdrivers. These tools can be used to make anything and the 
toolbox does not provide any guidance on how to do it. This quadrant, 
which is constrained by neither outcome nor guidance, is still constrained 
by the toolkit itself.

The technique quadrant is characterised by precise step-by-step guidance 
without a determined outcome. Tutorials fit this quadrant since they teach 
skills to the layperson without determining the outcome. An example 
is a sewing tutorial that teaches a particular stitch. Tutorials provide 
the necessary steps to work towards a skill that can be applied to many 
design situations. Technique is focused on learning a skill rather than on 
achieving a specific outcome.

The fourth quadrant, exploratory, is best described as getting something 
done. It is characterised by a determined outcome without guidance or 
a specific plan on how to obtain the result. A jigsaw puzzle is a typical 
case since the outcome is determined, but there are neither instructions 
provided nor a detailed step-by-step plan that instructs the layperson how 
to assemble the puzzle.

The purpose of the lay design model was not only to categorise toolkits 
in a specific quadrant, but also to show that toolkits can be positioned 
in more than one quadrant in order to address multiple skill levels of the 
layperson. A box of LEGO bricks is an example of a toolkit that can be 
situated in all four quadrants. I illustrate this by walking through each 
quadrant. When one follows the manual and builds the model as shown 
on the box, LEGO is positioned in the restrictive quadrant. When one 
learns a certain construction method, for example building an overarching 
bridge structure that can be applied to any design situation, LEGO is posi-
tioned in the technique quadrant. LEGO is positioned in the exploratory 
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quadrant when one remembers seeing a historic building and tries to 
replicate it. Finally, LEGO is positioned in the open quadrant when one 
is imagining a vehicle and builds it. Through the LEGO example, I have 
shown that it is possible to have one toolkit that addresses more than one 
skill level. Moving from one quadrant to another requires more imagina-
tion, skills, and knowledge of the layperson; Therefore, I introduce the 
notion of learning paths to describe this phenomenon.

Moving Between Quadrants: Learning Paths

To become a lay designer, the layperson has to learn how to deal with 
increasing imagination and responsibility. This learning process should 
address the four competencies of mindset, knowledge, skill-set, and 
toolset in an integrated way (Nelson & Stolterman, 2012, p. 231). Existing 
digital–physical toolkits are primarily focused on the toolset. Mass cus-
tomisation toolkits typically have a user-friendly interface that does not 
require any design, modelling, or programming skills, and which fits in 
the lower-right quadrant (figure 7-4). These toolkits enable unskilled 
access to adapt a design to one’s preferences and this makes the toolkit 
accessible to beginners; However, once one has explored the toolkit it is 
not possible to develop oneself further. In the two experiments presented, 
we encountered the situation where participants wanted to go beyond the 
constraints of the configurational design space, and thus they were not 
satisfied.

From examining digital toolkits, I noticed that these toolkits address dif-
ferent skill levels. The Wordpress toolkit addresses the toolset as well as 
the skill-set, knowledge, and mindset. In diagram 2 (figure 7-4), a possible 
learning path is shown that addresses all six skill levels in the Wordpress 
toolkit. Becoming a lay designer is a process rather than a single isolated 
activity. The first level of the CMS toolkit is choosing a ready-made 
theme; By increasing imagination the layperson ends up at the last skill 
level, which is designing one’s own theme from scratch. The music pro-
duction toolkit Ableton Live (figure 7-4) also addresses multiple skill 
levels that can be captured in a learning path. One can start by following 
tutorials, then move to exploration and end up in the open quadrant and 
compose a song from scratch. In both cases, the imagination of the lay-
person is increasing as well as their responsibility. The toolkit does not 
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guarantee a good outcome when one comes to the open quadrant. The 
price of being autonomous, being allowed to imagine a website design 
or songs, is that users are responsible for the outcomes themselves. This 
might seem trivial; However, when thinking about product design, it has 
serious consequences for the functioning of the design as well as for the 
manufacturing process. In diagram 4 (figure 7-4), I have envisioned how 
digital-physical toolkits ought-to-be.

Moving Within Quadrants: Iteration

The difference between a digital and a digital–physical toolkit that I 
extracted from the analysis as well as from the experiments is the lack of 
iteration in the latter toolkit. Digital toolkits allow the user to design, test, 
and modify their designs. In Wordpress, for example, when writing a blog 
post there is a button that lets one preview the blog entry before publishing 
it. Through this functionality, users can easily prototype the code they 
write. With a digital–physical toolkit, due to the fact that it is concerned 
with a physical outcome, it becomes difficult to iterate since one has to go 
from digital to physical and back. The design has to go from one medium 
to another, whereas in digital toolkits the medium remains the same. In 
both experiments we noticed that the participants were dissatisfied by the 
lack of iteration. The toolkits allowed for “complete cycles of trial-and-
error” (Von Hippel, 2001), which means that the user could manipulate 
the design over and over again; However, once the design was produced 
it was defined. This is in contrast with digital toolkits that allow for adap-
tation over and over again. Flexibility is mentioned as one of the seven 
dimensions of product personalisation (Mugge et al., 2009) and is defined 
as the degree to which a product can be adapted repeatedly. Besides being 
able to adapt the product more than once and improve it, the benefit is 
that the perceived risk of making a wrong decision is reduced and hesita-
tion is taken away by being able to iterate. Iteration is an important aspect 
of the process of any professional designer and I argue that it is likewise in 
the lay design process.

Continuum of Lay Designers

When the layperson engages in a design activity, whether it is adapting a 
pair of sneakers or configuring a kitchen, it is not about doing design, but 
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rather about becoming a designer. Fischer has discussed the emergence of 
adaptive design (Fischer & Scharff, 2000; Fischer et al., 2004) and argues 
for a scaling involvement of the consumer in the design process. The 
notion of a continuum is adopted and appropriate since the lay designer 
is neither a passive consumer nor a professional designer. The level of 
participation from adapting, making, and exploring to finally creating 
depends on the layperson’s intention, motivation, knowledge, and skills 
(schema XI, figure 7-5). Each increasing step of involvement requires 
more imagination and comes with more responsibility. The essential dif-
ference between a professional designer and a lay designer is that the latter 
is a personal designer who designs for his or her own context, whereas the 
industrial designer first and foremost serves others. Two related concepts 
that can be found in literature are scaffolding (Sanders, 2006) and the 
model of skill acquisition by Dreyfus (Dreyfus, 2004).

Conclusion
The lay design model presented in this study can be used to discuss lay 
design activities. It provides an analytical understanding of these activities 
by looking at two dimensions, namely the process of the lay design activity 
in terms of guidance and the outcome of a lay design activity in terms of 
constraints. Furthermore, I made a connection between lay design activi-
ties, which can be positioned in one of the four quadrants, and the role 
of the lay designer, which is divided into four categories that match these 
quadrants.

7.5 Study 4: Tactics for Individuality

Introduction
In chapter 3, I discussed the industrial and post-industrial society and 
the characteristics of the latter. Standardisation and replication are fun-
damental aspects of the industrial design while post-industrial design is 
concerned with openness, appropriation and variable form. The terms 
customisation, personalisation, and tailored products are often used in this 
regard but it is not completely clear what they mean. Sinclair has proposed 
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a classification of approaches for consumer involvement, which focuses 
on mapping these approaches on a diagram with consumer involvement 
as a dimension and designer’s commitment to consumer involvement 
as another dimension (Sinclair & Campbell, 2014, p.8). However, I am 
not interested in mapping these specific approaches, but I want to know 
what a fundamental characteristic of post-industrial design is. If we move 
away from merely choice, what is the way–or tactic–of creating individual 
products; I argue that personification is the tactic of post-industrial design 
rather than customisation or individualisation of products.

Method
Besides the literature, I have used several examples from practice and 
research in this analysis. Some of these examples were presented in the 
section “Code as Design Material” (chapter 5).

Results and Findings: Tactics for Individuality
I propose three tactics for individuality and discuss each of them by 
exemplifying them with design projects as well as the literature. The three 
tactics are also visualised in schema XII in relation to the influence of the 
designer and the layperson (figure 7-6).

Defining Tactics

The notion of tactics is used as ways of establishing individuality, as in het-
erogeneous layperson’s needs and preferences. The layperson consumes 
products and/or is involved in the design of these products, from commit-
ting to a choice to active participation, and tactics deal with the tension 
between layperson and designer. The relationship between the layperson 
and designer is a service relationship; The designer is typically in service 
by developing meaningful products for the layperson whereas the lay-
person is served (Nelson & Stolterman, 2012, p.41). The products that 
are developed are meaningful to the layperson and have value; Therefore, 
they are willing to purchase and use them. In post-industrial design, the 
layperson is no longer just being served, but acts as an active participant 
in the design process.
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Tactic Choice

Choice is the tactic that forms the basis of industrial design and mass con-
sumption and it appeals to the layperson by providing alternatives. The 
designer aims to satisfy a variety of laypersons and therefore a variety of 
laypersons’ needs and preferences while maintaining full control over the 
designed objects. In industrial society, a layperson has the choice between 
a black, white, or blue toaster, for example. Each design is fully defined 
and even produced and the layperson can simply accept or reject the solu-
tions. A certain amount of choice is meaningful to the layperson; One 
can choose a more preferred solution over a less preferred solution, for 
instance in terms of aesthetics or functionality. Too little choice might not 
be satisfactory to a group of lay designers while offering too much choice 
could have a range of negative effects such as postponing purchasing deci-
sions and confusion (Schwartz, 2004).

In post-industrial design the tactic choice is still a viable way to satisfy 
the layperson as can be seen in the example of the Breeding Tables. 
However, the uniqueness of the tables is created in a different way than 
would be done in industrial design. There is certain randomness in the 
designs and the use of an algorithm allows the designer to generate many 
instances within the same design family. The designer is able to create 
many instances so that each single layperson can have a different table in 
terms of aesthetics. An advantage for the manufacturer is that the tables 
can be produced on-demand, which means that they can be produced 
according to real market needs rather than based on anticipated sales. The 
tactic choice puts the designer in the driving seat and the layperson is the 
passive receiver of a design. This relation works to a certain extent and 
especially for certain product categories, such as standardised compo-
nents. However, when we look at more personal and expressive products, 
the higher participation of the layperson might be beneficial for layperson, 
designer, and manufacturer.

Tactic Customisation

Customisation is concerned with differentiating a product from a generic 
group of products (Tsigkas & Papantoniou, 2009). This tactic requires 
an increasing participation of the layperson and allows the layperson to 
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alter proposed solutions to fit his or her preferences. The designer retains 
most of the control over the solution and the possibility of customisa-
tion; However, the layperson becomes involved and thereby more value 
is created for them. The tactic customisation creates value in industrial 
society since differentiation is difficult to establish in the industrial 
manufacturing system. Apart from hand-made luxury products, the auto-
motive industry, where a layperson can choose engine type, colour, fabric 
colour, pattern, and so on, is an example of customisation on a large scale. 
Customisation is deterministic and often deals with the configuration of 
prefabricated modules or the arrangement of predetermined options.

Post-industrial design makes customisation almost effortless to realise 
due to the use of digital fabrication technologies such as 3D printing. 
Companies that offer custom 3D printed products such as jewellery are 
widely available by now. Customisation invites the layperson into the 
design process and gives room for the layperson to express preferences, 
often aesthetic. Customisation is based on the idea that a unique product 
is more valuable to a layperson than a standardised product. Industrial 
manufacturing systems are designed to deliver high volumes of the same 
products while digital fabrication technologies enable one-off production 
and this could make customisation a commodity.

Tactic Personification

The tactic personification consists of two concepts, namely appropriation 
and emergence. Appropriation is concerned with contextualising a design 
in a particular context, user situation, or desire. The participation of the 
layperson is more substantial compared to customisation and the outcome 
is less determined beforehand by a designer. The concept of appropriation 
has been used in architecture where the designer appropriates a building to 
a specific site with contextual needs and demands taken into account. The 
context informs the function as well as the form of a design (Kalay, 1999). 
An example of appropriation in architecture is the Endesa solar pavilion, 
which was designed for a specific location and the facade with solar panels 
was optimised towards the path of the sun for that specific geographical 
location. In this way, the facade catches the most sun throughout the year 
while at the same time satisfying the criteria of minimal direct sunlight 
inside the pavilion and a certain amount of window area, as discussed in 
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“Code as Design Material” (chapter 5).

In post-industrial product design, appropriation would be concerned with 
‘owning the design’ that one creates and is characterised by increasing the 
participation of the layperson and decreasing the control of the designer. 
A product should be designed for a particular context and each individual 
layperson has his or her context and usage of a product, which cannot be 
determined completely by a designer in advance. In this way, the design is 
personified rather than configured from pre-determined modules (Tsigkas 
& Papantoniou, 2009). The SketchChair toolkit hints at appropriation since 
it enables the user to appropriate the function of the furniture. One could 
for instance design a regular chair, a rocking chair, or a stool depending 
on how one would use it in a certain situation. The tactic appropriation is 
a new way of thinking about the relation between layperson and designer 
in post-industrial design. It opens up new possibilities where products not 
only become differentiated from the homogenous group, but where they 
become contextualised and truly individual to a particular layperson.

Emergence can be seen as an explorative process that has a direction, but 
not a determined end point. A designer would define a set of rules or 
conditions and the design “becomes known” from the context. The lay-
person could be involved and steer the emergence in one way or another. 
Emergence is present in the natural world where organisms grow, evolve, 
and adapt over time to a particular environment. In the man-made world, 
algorithms can have emergent qualities where they describe a set of rules 
and the process of applying these rules leads to an outcome. An example 
of emergence is the use of databases in web design where information 
can be retrieved for each visitor thereby creating a unique experience 
depending on one’s input or situation.

Emergence can also be found in the analogue world and it could be seen 
as form finding rather than form giving. Form finding is not an entirely 
new concept; The craftsperson has already been concerned with finding 
the form within a material. The structure of natural materials, such as 
wood, dictates to an extent what a craftsperson makes from it. In post-
industrial society the focus shifts from the designer as form giver to the 
designer enabling form finding. The form emerges rather than being given 
in advance. In the post-industrial process, the form emerges as when a 
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craftsperson is working; However, the difference is in the way it is achieved. 
Post-industrial design finds form through computation and code whereas 
the craftsperson works by hand. The post-industrial designer does not 
define a final shape of a product, but one formulates rules that generate 
a final shape. This process can take place with or without layperson 
participation.

The project Future Factories could have emergent qualities if the 
Lampadina Mutanta focused on adapting the tentacles to the usage, envi-
ronment, or another external influence. In this way, a lampshade could be 
generated that fits a layperson’s context, preferences, and usage in a way 
that is both surprising as well as appropriate, without a designer deter-
mining it completely in advance. The tactic emergence inclines towards 
a more natural rather than mechanical way of designing objects. It opens 
up to notions of ambiguity such as randomness and mutation compared 
to strict control of the whole object by the designer.

Individuality Versus Control

In schema XII I present a model that positions the three tactics in a 
diagram with the vertical dimension representing individuality and the 
horizontal dimension representing control by the layperson (figure 7-6). 
The tension between layperson and designer when working together on 
a design consists of the influence of the professional designer on a design 
versus the influence of the layperson. The designer has a design intent 
and authority, which is created by expertise, knowledge, and experience 
in developing products. By empowering the layperson, the designer faces 
a decreasing design intent compared to the way it used to be in indus-
trial design. This means the designer will be less concerned with defining 
the details of a particular design and more concerned with developing 
rules that are able to generate many design instances. The other side of 
the tension is the layperson, who must commit and spend time and effort 
to be part of the design process. The increasing influence a layperson can 
have on the design of products requires skill and competence. The value 
of a product to the layperson is established through empowerment and it 
includes not only economic value–willingness to pay–but also emotional 
value when the layperson bonds with the object due to their participation.
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Discussion and Conclusion
I introduced the notion of tactic to describe different ways in which 
designers can deal with a large variety of layperson needs and preferences. 
I identified three tactics, namely choice, customisation, and personi-
fication, where the latter is unique to post-industrial design. Choice 
and customisation are tactics from the industrial paradigm whereas 
in post-industrial design personification is the tactic that I identified, 
which consists of appropriation and emergence. The idea is that through 
increasing individuality, the meaningfulness of the products to the lay-
person increases as well.

In order to establish lay design the focus should be on the tactic personifi-
cation, which I have argued is distinctively different from merely offering 
choice or customisation of products.

7.6 Study 5: Conceptualising Openness

Introduction
Product and interaction designers are increasingly concerned with devel-
oping toolkits for consumers that enable them to customise, make, or 
design their own personal outcomes (Avital, 2011). This development 
leads to a changing landscape of production from the role of the designer, 
where the designer is engaged in designing toolkits within a given design 
space and with undetermined outcomes rather than designing finished 
products (Garud, Jain, & Tuertscher, 2008). The main challenge for pro-
fessional designers when designing toolkits for the layperson is dealing 
with openness and the question arises: what is openness and how can it be 
defined in regard to lay design? In this study, I conceptualised the notion of 
openness in order to deal with it in an intentional and systematic way. The 
open design movement, as discussed in the section “Opening Up Design” 
(chapter 3), defines open as the availability of designs. Open design is an 
approach that encourages the modification of designs by people other 
than the designers of the objects. It has been defined as “design whose 
makers allowed its free distribution and documentation and permitted 
modifications and derivations of it” (Abel et al., 2011, p.11). However, I 
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hypothesised that openness in lay design is more than only openness in 
terms of availability and therefore I attempted to conceptualise the notion 
of openness in the context of lay design by integrating insights from litera-
ture and the findings of my own studies.

Method
In study 2, I mapped toolkits along two dimensions, scope and compe-
tence, and in study 3, I developed a lay design model based on the notion 
of experiential creation from Dahl and Moreau, which uses the dimen-
sions target outcome and guidance. I used these two models and built 
upon them to conceptualise the notion of openness.

Results and Findings
I defined openness according to two aspects, namely indeterminacy 
regarding the outcome of a lay design process and unknowability regarding 
the layperson’s competence.

First, a professional designer does not know what a layperson wants to 
design and therefore the outcome of a toolkit, that is, what a layperson 
designs, is unknown to the designer on purpose. I labelled this as the 
indeterminacy aspect of openness. This can be exemplified by looking 
at the NikeID toolkit where there are many different colours available 
for different parts of the shoe and this is done since the designer of the 
toolkit does not know what colours are desired by the users. Therefore, 
this aspect of openness is about which options are available or which parts 
of the design are made to be altered by the user of the toolkit. The indeter-
minacy aspect is close to what the open design community is focused on. 
The availability of certain parts or the whole design for modification by 
people other than the original designers. The indeterminacy aspect relates 
to the scope of a toolkit and in study 2, I identified a gap between mass 
customisation toolkits on one hand and CAD software on the other hand.

The second aspect of the notion of openness is that the professional 
designer does not know the layperson’s competence and skill level. 
Therefore, not only is the outcome of a toolkit undetermined, the user’s 
capabilities are also unknown to the designer; However, this, in contrast 
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to the first dimension, is not on purpose, but is a side effect. I labelled this 
as the unknowability aspect of openness. Again considering the NikeID 
toolkit, the professional designer has made an assumption about the skill 
level of the user. The toolkit is designed in a way that no skills are required 
to use it. However, one can choose to make a toolkit that does require 
skills or develop a toolkit that is suitable for different kinds of users with 
a varying pallet of skills. The unknowability aspect of openness relates 
to the competence of the user and in study 9 (chapter 9), I focused on 
this competence gap between mass customisation toolkit and professional 
CAD.

Discussion and Conclusion
The outcome of this small, analytical study is a provisional definition of 
openness that allows one to discuss open in regard to lay design in a more 
articulated way. One can say that a toolkit is open in a one-dimensional 
way, for instance only focusing on the indeterminacy of the outcomes, or 
one can say that that toolkit is open in a two-dimensional way, for instance 
when the toolkit is open in terms of the outcome as well as the process.

Furthermore, the proposed definition of openness is a widening of the 
definition from solely focusing on the availability of the outcome to also 
include the competence of the user of a toolkit. This definition is used in 
study 9 (chapter 9), in which a toolkit for audio equipment is developed.

7.7 Conclusion
This chapter has examined toolkits and design spaces through five 
analyses. The first model is a classification of toolkits where I used toolkits 
from other domains as examples. The second model dealt with dis-
seminating design spaces into aspects such as product attributes and this 
model articulated the variable aspects of a design space. The third model 
categorised creative activities alongside the dimensions of target outcome 
and guidance and this provided an analytical understanding of potential 
lay design activities. In study 4, I presented tactics for individuality and 
characterised what the post-industrial tactic personification looks like. In 
the fifth study, I provided a provisional definition of openness in regard to 
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lay design and the use of toolkits by the layperson.

These definitions and analytical models inform the understanding of 
toolkits, which is one entity within the relation between designer and 
layperson. The use of a toolkit changes the role of the designer as well as 
the role of the layperson and these models support the investigation into 
this relation. This is only one way of approaching the area of lay design 
and in the next two chapters, I present a series of empirical studies that 
take a constructive design research approach where I develop toolkits and 
investigate different issues that appear when the layperson uses them to 
design everyday products.

Notes:
1: Merriam-Webster, search term: scope, www.merriam-webster.com, last visited: 11 February 2015
2: Merriam-Webster, search term: competence, www.merriam-webster.com, last visited: 11 February 
2015
3: Examples of Digital audio workstations:
1. Ableton Live, www.ableton.com
2. Avid ProTools, www.avid.com/protoolstrial
3. Apple Logic, www.apple.com/logic-pro
4. Image-Line Fruity Loops, www.image-line.com/flstudio
5. Renoise, www.renoise.com
6. Apple Garageband, www.apple.com/mac/garageband
7. Magix Musicmaker, www.magix.com
Last visited: 23 June 2015
4: Examples of content management systems are:
Wordpress, www.wordpress.com and www.wordpress.org
Joomla!, www.joomla.org
Drupal, www.drupal.org
Umbraco,www.umbraco.com
Tumblr, ww.tumblr.com
Cargo Collective, www.cargocollective.com
Last visited: 11 February 2015
5: Lifelong Kindergarten, MIT Medialab, llk.media.mit.edu, last visited: 20 July 2015
6: Sketching in Hardware, www.sketchinginhardware.com, last visited: 20 July 2015
7: Examples of construction and prototyping toolkits:
LEGO Mindstorms, mindstorms.lego.com
Scratch, scratch.mit.edu
Makey Makey, www.makeymakey.com
littleBits, www.littlebits.cc
Arduino, www.arduino.cc
Microsoft .NET gadgeteer, www.netmf.com/gadgeteer
TinkerKit, www.tinkerkit.com
Last visited: 23 June 2015
8: Cyledge Configurator Database www.configurator-database.com, last visited: 20 July 2015
9: Examples of mass customisation toolkits:
Parametric Parts, www.parametricparts.com
SketchChair, www.sketchchair.cc
D.dress, www.continuum.com/ddress
Nervous Systems Cell Cycle, www.n-e-r-v-o-u-s.com
Zazzy, www.zazzy.me
Suuz, ww.suuz.com
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MakerBot Customizer, www.thingiverse.com/apps/customizer
Shapeways creators, www.shapeways.com/creator
iMaterialise creators i.materialise.com/creationcorner
Last visited: 23 June 2015
10: Examples of professional CAD applications:
Dassault Systèmes Solidworks, www.solidworks.com
McNeel Rhinoceros, www.rhino3d.com
Autodesk AutoCAD, www.autodesk.com
Blender, www.blender.org
Parametric Parts, www.parametricparts.com
OpenSCAD, www.openscad.org
Trimble Navigation, SketchUp Pro www.sketchup.com
Last visited: 23 June 2015
11: Examples of consumer-oriented CAD applications:
SketchUp Make, www.sketchup.com
Autodesk 123D, www.123dapp.com
Autodesk TinkerCAD, www.tinkercad.com
Lagoa 3DTin, www.3dtin.com
Doodle3D, www.doodle3d.com
Ultimaker Ultishaper, ultishaper.youmagine.com
Last visited: 23 June 2015
12: Examples of 3D content platforms are:
Thingiverse, www.thingiverse.com
Youmagine, www.youmagine.com
Last visited: 23 June 2015
13: NikeID, Nike, www.nike.com, last visited: 19 January 2015
14: Zazzle, www.zazzle.com, last visited: 19 January 2015
15: D.dress, Continuum Fashion, www.continuumfashion.com/Ddress/, last visited: 21 January 2015
16: The selected toolkits are:
1. Oakley Radar, sunglasses, http://www.oakley.com/custom/radar
2. NikeID Dunk high iD, sport shoes, http://www.nikeid.com/
3. CaseMate, accessories, http://www.case-mate.com/
4. Blancier, watches, http://www.blancier.com/
5. Suzuki Swift, cars, http://www.suzuki.at/flash/swift/konfigurator.asp
6. Dell, desktop computers, http://www.dell.com/
7. Cupboard Your Way, furniture, http://www.cupboardyourway.co.uk/
8. Bivolino, shirts, http://www.bivolino.com/en/default.html
9. Nervous System Cell Cycle, jewellery, http://n-e-r-v-o-u-s.com/shop/line.php?code=5
10. Continuum Fashion D.dress, clothing, http://www.n-e-r-v-o-u-s.com/
11. Supabold FluidVase, interior accessories, http://www.supabold.com/
12. Diatom Studio SketchChair, furniture, http://www.sketchchair.cc/
Last visited: 23 June 2015





8.1 Introduction
This chapter is concerned with exploring layperson participation in the 
design of everyday products through the use of toolkits. I present three 
empirical studies, two of which were explorative in nature, were conducted 
in order to open up the topic of this dissertation, and raised questions 
rather than to found solutions. The third was a comparison of two design 
approaches. The choice for undertaking a series of smaller studies with 
real people rather than only an analysis of existing toolkits was that I have 
taken a constructive design research approach, as discussed in chapter 2, 
which provides a richer understanding of real experiences that are dif-
ficult to imagine otherwise.

The first study of this chapter (study 6) started with a basic proposition: 
what if people could design an everyday product in a parametric way, 
which means by altering a set of sliders that are linked to the physical 
properties of an object? This study focused on a constrained design space 
and explored what basic issues the layperson encounters when performing 
a simple design task. My motivation for focusing on a parametric design 
space was that through parametrically adjustable designs, designers could 
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enable the layperson to design his/her own products.

The follow-up study (study 7) focused on a similar design task, but here 
the analysis was intensified and people’s actions were tracked in order to 
reveal patterns in their behaviour. The motivation for undertaking this 
study was my curiosity to see if people act in unique ways or if one can 
find similarities when they are given some freedom to design their own 
product.

In the third, larger study (study 8) I investigated two different approaches 
to design with a toolkit, namely a parametric and an algorithmic approach. 
Through comparison, the aim was to identify the qualities of each 
approach. The motivation for doing this study was the renewed interest 
in algorithmic and automatic ways of design that have been enabled by 
computation and are often used in combination with 3D printing.

8.2 Study 6: Exploring the Constrained 
Parametric Design Space

Introduction
The basic proposition was: What if the layperson is enabled to design an 
everyday product in a parametric way? The introduction of parametric 
customisation seems to be promising, but at the same time it leads to 
many interesting questions: What is the role of the designer in relation 
to the layperson? What are the degrees of freedom that are best suited 
for parametrical approaches and how will the layperson handle his new 
active role in the design process? In this study, I primarily focused on 
aspects related to what happens when a layperson customises an everyday 
product.

The motivation for focusing on a parametric design space specifically 
was the idea that through parametrically adjustable designs, designers 
can enable the layperson to design their own products. Having an infinite 
number of designs that can be accessed by a few simple sliders, one can 
design his/her own product exactly. The conceptual idea of such a para-
metric design space can be exemplified by having a large number of chairs 
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that differ only in width, height, and depth (Reas & McWilliams, 2010, 
p.116), and through only these three parameters many chair instances 
can be made. Viewing design as a simple set of parameters can be seen 
as naive, but the idea was that it could be one way to start exploring lay 
design in an active way, different from the more top-down approaches 
where a designer is informed by the layperson.

To put this study even more into context, in the design community 
around 2011 there was a general excitement about and interest in para-
metric design in combination with digital fabrication technologies and 
in particular with 3D printing. This study’s departure point is mass cus-
tomisation, the business approach that aims to offer individual products 
that are industrially produced, as discussed in chapter 3. An example of a 
project that came out that year was Droog’s Design For Download1 which 
was presented at the Milan furniture fair. This project focused on custom-
isable furniture for the layperson, which was enabled through an online 
platform. Other examples that saw the light around this time were the 
SketchChair (Saul et al., 2011) and D.dress2.

Method
I approached understanding lay design by looking at the three main actors 
involved: the toolkit, the professional designer, and the layperson. In this 
study, I focused on the layperson and his/her participation in the design 
process and I tried to identify the issues that play a role. The participation 
of the layperson was explored through a study where they were asked to 
customise, use, and evaluate an everyday kitchen product.

At the time I set up this study, the commercial availability of parametric 
toolkits for everyday products was limited and I therefore developed a 
simple toolkit suitable for the goal of this study. Customisation can be 
done on different levels, such as the functional, ergonomic, and aesthetic 
levels (Berger & Piller, 2003). Within each of these levels different product 
attributes exist, including function, features, topology, shape, material, 
construction, dimensions, surface texture, colour, engraving, and print. 
Any attribute can be used for customisation on any level. For instance, 
shape influences the aesthetics of the product, but it could also influence 
the functionality. The attributes are not necessarily mutually exclusive; For 



Figure 8-1: The customised designs and the 3D printer, 
MakerBotThing-O-Matic, which fabricated the prototypes
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Figure 8-2: Visualisation of the parameters in top and front view; radius of bowl (1), 
height of bowl (2), curve of bowl (3), angle of bowl’s rim (4), height of press (5), inner 

radius press (6), outer radius press (7), and number of star points (8)
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instance, colour might be determined by the attribute material or exist 
independently of the material. In this study, I focused only on the cus-
tomisation of the shape of the object. Shape was chosen for two reasons. 
First, the intention of this study was to go beyond aesthetic customisation 
as seen in commercially available toolkits. Second, although shape giving 
is not necessarily an easy-to-master skill, the idea of altering a shape is 
fairly easy to grasp for non-designers.

The study consisted of four steps, namely the development of the design 
space (1), the design task performed by the participants (2), the produc-
tion of the customised designs (3) (figure 8-1), and the use and evaluation 
of the designed object by the participant (4). The design space consisted 
of a template with eight parameters that controlled the shape of the 
object, which was modelled in Autodesk 3D Studio Max. Besides the 3D 
model and a reference object, the interface contained eight sliders on the 
left side of the screen. Four parameters controlled the shape of the bowl 
and another four controlled the press of the juice squeezer (figure 8-2). 
The range of the parameters was restricted by the size of the production 
tool, a MakerBot Thing-O-Matic 3D printer3, used for this study. The 
maximum print size of this 3D printer was (w) 100 x (d) 100 x (l) 100 
mm. ABS plastic was used for producing the prototypes. The reference 
object was the university’s entry card, a familiar item to all participants. 
After developing the toolkit, the second step of this study was to have the 
layperson perform the design task. The first task of the participant was 
to play around, explore the toolkit, and find a shape that satisfied (figure 
8-3). A prototype of the object was then fabricated using 3D printing. The 
second part of the design task for the participant was to use and evaluate 
their object (figure 8-3). I then asked them some questions about their 
experience. I selected a juice squeezer for the design task since it is an 
everyday object and it can be made of one material, one part, and does not 
contain any mechanical or electronic parts. The setup consisted of a laptop 
computer with mouse, a reference object, and some fruits. The interface 
was a colour 3D CAD model with eight parametric sliders. By dragging a 
slider up and down, the shape of the model changed in real-time. There 
was no time restriction for the participants in this study. The layperson 
was represented by a small group of seven participants; None of them 
had formal design education or professional design experience. The group 





Figure 8-3: A participant performs the task (on the left page) and inspects her prototype 
(on the right page)
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was a mix of different ages, genders, and levels of education. Ages ranged 
between 20 and 40 years, and there were 3 male and 4 female participants, 
and 3 employees and 4 students of Umeå University. All participants were 
familiar with performing basic tasks on a computer. The interviews con-
ducted after each step of the study were transcribed and analysed through 
coding the text manually and then identifying relevant themes. All par-
ticipants were able to interact with the interface and design a juicer, and 
after producing a prototype, they were able to use their design.

Results
The outcomes of this study were both the prototypes as well as the evalu-
ations of the participants.

Overall, the objects all fell into the boundaries set in the design space since 
this constrained design space did not allow the user to go beyond it. The 
set of parameters were defined for a certain range and within this range 
the user had complete freedom, but the user could not change the limits 
of the parameters. All of the designs made by the participants explored a 
rather limited area of the available design space (finding 1). The amount 
of change compared to the initial template given to the participants was 
relatively small. Therefore, the designs looked similar to the design given 
at the start of the design task.

Based on the interviews conducted after the task, I identified several 
general themes. The concept of an “ideal design” was mentioned by the 
participants as was “the fact that you are yourself responsible for the 
decisions made in the design” (finding 2). The question was posed by a 
participant: “What is the ideal design of the juice squeezer?”. One partici-
pant noted that “You can’t [ask] why didn’t they think of this? It’s you now”. 
I noted a discrepancy between the understanding of the virtual model 
on the screen and the physical prototype (finding 3). General comments 
after seeing the prototype indicated that the participants expected that the 
model would have been bigger. Participants pointed out several aspects, 
such as the scale of the model on the screen, the ability to relate to the 
overall size or parts of the object, and keeping track of the proportions of 
the design. Furthermore, a participant noted “the difficulty of prioritising 
what parameters are important for the design” (finding 4). The last theme 
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I deducted was control over the product attributes. Several participants 
wanted to have more control over the design (finding 5). They wanted to 
have control over parts or product attributes that were not malleable in 
this toolkit.

I have chosen to present five core findings that emerged in the process of 
interpreting both the produced objects and the interviews. I believe that 
these findings capture some of what I saw as the more interesting results. 
The five findings are: lack of variation, responsibility shift from designer 
towards layperson, understanding 3D models, priority of parameters, and 
control over product attributes. Before I discuss the findings, I will briefly 
comment more generally on the prototypes and the interviews.

Findings
The five findings pointed out in the results of this study are explained in 
order of importance.

Lack of Variation

The lack of variation in the designs was the most interesting finding from 
this study. The participants were given a design space in which they could 
freely move and design their own objects. The notion of a design space is a 
familiar and understood term among industrial designers, programmers, 
and other professionals. However, does the layperson equally under-
stand this concept? The layperson is used to having a design space which 
includes a discrete range of product types and variations. For instance, a 
product family consists of three types of products, within one type there 
are five variations which differ from each other in, for example, colour. 
This array of 15 products is all they can choose from, for this particular 
brand. The competitors also have different types and variations. In the 
end, the whole range of products one can choose from is limited and, more 
importantly, they are all individually defined. A design space in lay design 
is a dynamic and partly undefined area, or space, where the layperson has 
to define certain aspects of the product. In this case, the space was a three 
dimensional one, which would probably be new to many toolkit users. 
Unfamiliarity and uncertainty also played a role here. The participants 
did not know what to expect from the toolkit. No examples of produced 
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lime squeezers were given to them in advance. The only example they saw 
was the template, which was their starting point for the design task. The 
layperson searches for products that meet their needs and wishes; It is a 
passive activity based on acceptation or rejection of proposed solutions. 
In lay design, the user has to take an active attitude and make decisions 
about the design itself, instead of making decisions about whether or 
not to accept a design. What does this active role exactly mean? How do 
non-designers look at this new role? What are their expectations? Two 
motivations for participating in a creative task, for example designing a 
product, are competence and autonomy (Dahl & Moreau, 2007). How 
active is the user in this particular task of customisation by using this 
parametric toolkit? Even if one does not do anything, one will still end up 
with a design, although it will be similar to the design template. Further, 
if they change only a little bit of the template, as seen with some of the 
participants, do they still feel they contributed to the design? On the other 
end of the spectrum are some interesting issues as well. What happens 
when they run into the boundaries of the design space? Will their satisfac-
tion of performing a design task decrease because they feel constrained in 
their creative expression?

Responsibility Shift

The most interesting finding that came forward in the interviews pertains 
to the responsibility shift from the designer towards the layperson. In 
mass production all the responsibility of the design lies with the designer. 
The layperson has a passive role, whereas in lay design the active role 
of the lay designer brings a certain amount of responsibility with it and 
responsibility is a determinant of regret (Schwartz, 2004, p.151). When 
someone makes a bad decision in the design process, he/she could regret 
it later when the actual product emerges. Since one was actively involved, 
one might feel responsible, and to a certain extent one is responsible, and 
may feel even more regret compared to the regret felt at buying a product 
entirely designed by a professional. Even though the idea of a design space 
is that all the potential designs are producible and functional and the user 
cannot make something that malfunctions, he/she might still end up with 
something undesirable. The ideal design that was mentioned refers to the 
expert who knows what is best. Lay design has an ideal space in which all 
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variations work well, but it depends on one’s preferences what fits best. A 
way to make people take responsibility for their designs might be through 
engagement. If people are engaged in the design process, they might not 
be afraid to make decisions and come up with experimental and truly 
customised designs because they feel the customisation of a particular 
product fits them, or the method of customisation could itself be enter-
taining or interesting.

Understanding 3D Computer Models

This finding is concerned with the ability to understand 3D models in 
CAD and their physical counterparts. Even though the interface had a 
reference object that was also physically present while customising, expe-
rience is needed to overcome this discrepancy. Industrial design students 
gain this experience through their education, where they have to work 
with sketches and 3D CAD models, on the one hand, and foam models 
and prototypes, on the other hand. The layperson, who might never 
have been exposed to this, has to learn to interpret virtual models when 
engaged in lay design.

Priority of Parameters

The fourth finding concerns the priority of parameters. Are some 
parameters more important for the design than others? In this study the 
parameters were represented by sliders. Each slider had the same size and 
they were presented underneath each other. There was no visual hierarchy. 
Due to the design of the toolkit, there was no difference between them. 
The question is whether a hierarchy is needed depending on the product, 
the type of parameters, and perhaps the anticipated users. If so, it could 
be solved by putting more emphasis, visually, on some aspect and thereby 
guiding the user towards the more important parameters first.

Control Over Product Attributes

The last theme identified had to do with which product attributes of the 
design could be controlled in the toolkit. The industrial designer decides 
which parts of the products are malleable for the user when designing the 
design space. This is a very important step in satisfying the layperson’s 
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needs and choosing the relevant parameters for customisation with the 
relevant range for each parameter. This is where the overall design space 
is defined. How this is done determines what the user can do and what 
potential product can be designed with the toolkit.

Discussion and Conclusion
In this study I identified several issues that play a role when the layperson 
takes on the task of customising an everyday product. The findings pre-
sented are mostly in the form of questions, which means that this study 
has opened up the area of lay design for further investigation.

The design of a toolkit is not a simple and straightforward design task. 
First of all, I am convinced that the new responsibility facing a layperson 
when participating in the design process is part of a larger change. It 
requires a different mindset and different approach towards selection, 
choice, and purchase of physical goods. Even if it is difficult to predict 
how this paradigm shift will develop in practice, I argue that a profes-
sional designer needs to know what a layperson wants to design. As seen 
in the study, even though the users had several options, they wanted to 
have other options as well, and they were searching for support when they 
had to make their decisions. Secondly, it is not necessarily the case that 
more user freedom, that is, a larger design space, is what a user wants 
or needs. There is a trade-off between giving the user freedom in design 
and setting up constraints. Too much freedom can lead to the user being 
overwhelmed and feeling lost (Schwartz, 2004, p.3). This is referred to in 
literature as mass confusion (Huffman, 1998). Too many constraints on 
the other hand, may give the user a sense of being restricted.

Apart from the final result, a personal product, contributing in the design 
process itself could lead to satisfaction, if done in a way that corresponds 
to users’ desires. It may give the layperson a sense of accomplishment and 
autonomy. The experience of purchasing and using a product as a passive 
activity is expanded with designing the product where the layperson has 
to take on an active role. For most professional designers, the shift from 
knowing what a future user would like to have and acquiring need-related 
information towards knowing what a layperson would like to design is an 
unfamiliar activity. It is important to state that our study has not addressed 
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differences in layperson views in general when it comes to the question of 
whether it is desirable to be involved in the design process or not.

This study has several limitations. First of all, the sample size was rather 
limited. The toolkit developed for this study was also simple and only 
allowed for customisation of one product attribute, namely shape. A more 
extensive toolkit would include other product attributes. Another limita-
tion of this study was the prototypes, which were produced on a small, 
desktop 3D printer. The printer limited the size and quality of the proto-
types and for more realistic prototypes a professional 3D printer should 
be used. The initial engagement of the participants in customising a juice 
squeezer was also probably lacking. Since customisation requires an active 
role of the layperson where he/she has to make decisions about the design, 
a certain amount of commitment is necessary.

In future research, the customisable attributes could be explored in 
a broader perspective such as material properties, functionality, and 
features, to name a few. Furthermore, this study focused solely on the 
layperson. Other stakeholders, to begin with the product designer and 
interaction designer, but also product engineers, marketers, and manufac-
turers could be taken into consideration. The issues identified constitute a 
first step in understanding lay design of everyday products and this study 
contributed to developing a thorough understanding of lay design and the 
activity of using toolkits in design.

8.3 Study 7: Identifying Lay Designer 
Behaviour

Introduction
This study was a follow-up from study 6 and focused on revealing simi-
larities and patterns in layperson behaviour when using a toolkit to design 
an everyday product. This study can be seen as a more in-depth analysis 
of how people use a toolkit since the toolkit that I developed for this study 
is broader than the one in the previous study; However, the interface and 
way of interaction is quite similar. My interest in revealing and identifying 
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behaviours of the layperson stemmed from the first finding of study 6, 
the lack of variation, which stated that even though people were provided 
with some freedom, the outcomes of their design processes were quite 
similar.

The aim was to explore the layperson designing an everyday product 
where I focused on their behaviour and tried to reveal patterns of behav-
iour. To obtain an understanding of how the layperson designs in such 
a constrained space, I conducted a study in which I invited participants 
to design an everyday object and tracked their actions while they were 
designing. The physical outcomes as well as the process of design were of 
interest in this study since the process provided insight into the behaviour 
of the layperson. The developed toolkit enabled participants to adapt a 
juice squeezer (figure 8-4) and make it their own by altering the shape, 
material, and colour of the object.

Method
In this study, the participants expressed their preferences directly in the 
creation of an object. The previous study led to the finding of a lack of 
variation between the customised designs due to the focus on only one 
product attribute. In this study, participants were allowed to design 
multiple product attributes including shape, material, and colour. They 
were able to make a large variety of designs that differed from each other 
on an aesthetic level. The sample consisted of ten students from Umeå 
University; None of them had formal design education or professional 
design experience. The first three participants served as the pilot group. 
After running the pilot session, an introductory assignment was added 
to make the participants familiar with the interface. The setup of the 
study was a computer screen which displayed a 3D model and interface, 
a mouse for manipulating the sliders, and a 3D mouse for navigating 
in space. The parametric model was made in the software Autodesk 3D 
Studio Max 2012. The participants’ design process was documented by 
video recording the screen for later analysis.

Setup: Stage 1 “Design” and Stage 2 “Reflection”

In the first stage participants were given a brief which explained the 
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design task (figure 8-5). The participants could choose one of the four 
design presets, which was an inspirational design with a certain shape, 
material, and colour. Design presets were used since this is a common 
way of offering mass customisation in today’s market. It gives the user a 
jump start and it makes the process more accessible if there is already a 
set-up rather than only a blank canvas. Then, the participants manipu-
lated the design to make it their own. In the second stage of the study, 
the participants reflected upon their process and their design of the 3D 
printed model. The survey consisted of 25 statements and open questions 
categorised in three sections related to the design task, the actual design, 
and several general questions about the design task. An example of a state-
ment that focused on the design task is: “I explored the toolkit to a large 
extent, in other words I tried all the sliders and tweaked a lot.” (statement 
6). The second part of the survey focused on the outcomes of the task: “I 
would be willing to pay more for this juicer than a standard juicer because 
I designed it myself.” (statement 19). Finally, the survey concluded with 
general questions and statements about layperson involvement in the 
design process: “What do you think of this kind of activity, i.e. designing 
your own product?” (question 21). Statements were used to provoke a 
response from the participants. A 5-point Likert scale that ranged from 
strongly disagree, to disagree, neutral, agree, and strongly agree was used 
to measure responses. The open questions were used to gain more insight 
into the participants’ decisions.

Data Visualisation

The activity of manipulating the design through an interface with sliders 
was captured on video for analysis. The values of the sliders were tran-
scribed for each parameter then normalised, and this data was visualised 
in a two-dimensional (figure 8-6) and one-dimensional graph (figure 8-7). 
The visualisation of the design task shows the starting point, the steps, 
and the end point. Every step is called a stroke that is a movement in one 
direction. The number of strokes and their direction are visualised. Two 
ways of visualising the data were used to reveal a pattern or behaviour that 
might be invisible by simply observing the participants during the design 
task. The first method of visualising two parameters was used since the 
parameters were grouped in the interface by pairs, whereas the second 





Figure 8-4: 3D printed prototypes



Figure 8-5: Design task given to the participants
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The juice squeezer has two parts, the bowl that collects the juice and the head which you 
use to press the fruit.
You can give each part a diff erent material and color, or you can have everything in the 
same material and color. There are two materials, plastic and ceramics. Plastic comes in 5 
colors and ceramics in two colors.  You can choose how you like your juicer to look like.
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Figure 8-6 (next page, left): Visualisation of tracking data for participant 4, parameters 
1 and 2 (top) and parameters 3 and 4 (bottom); the play symbol is the start point and 
the stop symbol is the end point, the numbers and arrows indicate the order and direc-

tion of the strokes

Figure 8-7 (next page, right): Visualisation of tracking data of participants 1, 4 and 9 
who all three have chosen design template 4
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Figure 8-8: Screen shots of results of the design task
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visualisation is a grouping of the participants that chose the same design 
preset.

Results
The results are data collected from the design task, the produced proto-
types, and the reflection on the task by the participants through a written 
survey. I will discuss each of the results in more detail.

Design Task

The design task produced data that has been visualised in two different 
ways.

Visualisation Method 1: Moving Through the Design Space

Figure 8-6 shows the visualisation of participant 4 for parameters 1 to 4. 
It shows how this participant moved through the design space in terms 
of step size and scope. The top graph shows large single strokes whereas 
the bottom graph shows a concentration of exploration in one area of the 
design space.

Visualisation Method 2: Identifying Common Behaviour

Figure 8-7 shows a different visualisation of the design task data. This 
graph depicts the behaviour of the participants who started with the same 
design preset. The graph reveals that participants 1, 4, and 9 ended with 
the same result and they explored the design space to the same extent as 
well.

Among all the participants, the average number of strokes used to manip-
ulate the parameters was 7.8. Parameter 1 “Resolution” was explored 
to the highest extent (86%) together with parameter 6 “Bend” (83%), 
parameter 7 “Material Head” (78%), and parameter 8 “Material Bowl” 
(76%). The other parameters were explored between 48% and 52%. Five 
participants used only seven out of eight parameters when designing. The 
parameters they did not touch were parameter 3 “Detail” (two partici-
pants), parameter 5 “Twist” (two participants), and parameter 6 “Bend” 
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(one participant). Three participants explored the design space and ended 
up with the same parameter settings with which they started.

Prototypes

The second result of this study is the physical prototypes (figure 8-8). The 
designs were produced by selective laser sintering and 3D printing, two 
different processes of additive manufacturing. The approximate bounding 
box of the designs was 140 x 140 x 110 mm and the designs were printed 
in white, black, and red nylon, and white and black ceramics. Blue nylon 
was available in the toolkit, but not later on for production. The partici-
pants that chose blue received white instead.

Reflection through Surveys

The surveys were filled out by all 10 participants during the second stage 
of the study. The analysis of the surveys was done by relating questions to 
each other and making connections between them. The open questions 
have also been categorised to reveal similar themes in the answers. Three 
topics are presented, namely exploration and imagination, iteration, and 
ownership of the design. This section ends with comments from the par-
ticipants about the design task.

1. Exploration and Imagination

The first reflection concerns to what extent a participant explored the design 
space and consequently whether or not one had the ability to imagine 
outcomes of the unexplored space. Some responsibility and freedom to 
define a design is shifted from designer to layperson in terms of this topic, 
therefore this issue is at the core of lay design. How will someone handle 
the freedom to define the design to his/her own preferences, needs, and 
desires? The questions that addressed this were: “I explored the toolkit to a 
large extent, i.e. I tried all the sliders and tweaked a lot” (statement 6) and 
“For the part that I did not explore, it was easy for me to imagine what it 
would look like” (statement 7). Most participants said they explored the 
toolkit to a large extent (8/10), and half of them said they could imagine 
what the unexplored bit of the design space would look like (5/10), three 
felt neutral about it, one participant did not respond, and another one did 
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not feel they needed to imagine anything else.

2. Iteration

The toolkit offered in this study allowed for cycles of trial-and-error as 
suggested by Von Hippel, who defines five characteristics of toolkits (Von 
Hippel, 2001). The importance of iteration, when designing through a 
toolkit (Resnick & Silverman, 2005) has been acknowledged. Even though 
the toolkit in this study allowed the participants to make iterations–they 
could play around with the sliders to make different designs and there was 
no time limit or any other constraint–most of the participants (7/10) said 
that they wanted to design it again, once they had the actual juicer in their 
hands (statement 14).

3. Ownership of the Design

When designer and layperson create a design together, the issue about 
ownership of the design is raised. To what extent does the layperson feels 
he/she contributed to the design? How does one value the participation 
in the design process? Does one bond more with a product because he/
she was involved in the design process? To get a sense of how the subjects 
valued their own participation, the survey addressed ownership of the 
design with three statements: “I feel I created something new” (statement 
16), “I feel I created something of my own” (statement 17), and “I would 
be willing to pay more for this juicer than a standard juicer because I 
designed it myself ” (statement 19). Most participants felt that they did 
not create something new; However, they felt they created something of 
their own (7/10). Furthermore, half of the subjects were willing to spend 
more on their design since they designed it themselves.

Finally, the participants were asked to comment on the design task. Their 
responses ranged from comments on the visualisation of the 3D model to 
material representation. These suggestions are interesting in themselves 
and can help improve future studies. However, I highlight one particular 
aspect that the participants expressed. The freedom the layperson has in 
a toolkit was commented upon by many participants. Half of the partici-
pants wanted to have more possibilities, three were neutral, and the other 
two were satisfied with the way it was. Also, some participants felt they 



Exploring Layperson Participation | 199

did not have enough options and several participants did not like the fixed 
presets.

Findings
The results led to three core findings: the lay designer characters, the 
specific behaviour of the participants concerning the exploration of the 
design space, and the predictability of the outcomes by the designer. 
Furthermore, two additional findings are mentioned that concern itera-
tion in a toolkit and the amount of freedom for the user of the toolkit.

Lay Designer Characters

In order to identify and describe different lay designers in the study I intro-
duce the term character. A character is defined as “one of the attributes or 
features that make up and distinguish an individual”4. These characters 
are based on the design task visualisations and represent different quali-
ties of participants in this study. I identified four characters (figure 8-9), 
which I labelled as Settler and Voyager, which were derived from the 
design outcomes, and Stroller and Horseman, which were derived from 
analysing the design task on a detailed parameter level. Settlers explore 
the design space and end elsewhere in the space with a different design. 
Voyagers move through the design space as well, but eventually return 
to their start point and thus end with a similar design. This categorisa-
tion is based on the results from the design task. When looking more in 
detail at the design task and focusing on the process, another distinc-
tion can be made. To stay with the travel metaphor, we distinguish two 
characters based on the scope, the extent of the exploration in the design 
space, namely Stroller and Horseman. On the one hand, the Stroller maps 
a small area of the space in an intense way; This character goes back and 
forth many times. The Horseman, on the other hand, travels through the 
design space with great speed, often from one end to the other. A user of 
a toolkit can employ any of these characters, even simultaneously in one 
project. For example, one could be a Settler by ending somewhere else in 
the design space and at the same be a Horseman by exploring the space 
with large strokes.
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Behaviour of Participants

The behaviour of the participants was revealed through visualisations 
of the design task. The participants that chose the same initial design 
explored the design space on a meta level in the same area and through 
the same path. This is especially visible for participants 1, 4, and 9, who 
chose preset 4 (figure 8-7), participants 5 and 7, who chose preset 1, and 
participants 3, 8, and 10, who chose preset 3. Furthermore, the relation 
between the amount of strokes and the extent of exploration is inter-
esting. The parameters that were explored the most on average did not 
have the most average number of strokes. This is counter-intuitive, since 
one would expect that if a parameter was explored more, one used more 
strokes. Therefore, I observed that large strokes, those of the Horseman 
character, are used more in exploring the design space. The detailed and 
intense examination of one part of the parameter was in this study carried 
out less by the participants. However, the behaviour is context specific and 
in toolkits which give more freedom to the layperson and concern other 
products and parameters, different behaviour might occur.

Predictability of Outcomes

The designer is represented through the design of the toolkit in defining 
certain areas of the product and leaving other areas open to design. The 
designer sets the constraints of the design space and thereby points the 
layperson in a certain direction. The designer of the toolkit has the task of 
giving freedom to the layperson and at the same time wants to maintain 
control over the end product. In the lay design model of study 3 (chapter 
7), this type of toolkit with a constrained design space, i.e. mass customi-
sation toolkits, is typically positioned in the lower-right quadrant defined 
by determined outcome and step-by-step guidance. These toolkits give 
freedom to the layperson; However, as can be seen in this study, the results 
are somewhat predictable to the designer of the toolkit. This means that 
a limited toolkit, like the one used in this study, relates directly to the 
predictability of the outcomes. I can assume that by broadening the pos-
sibilities of the toolkit, the outcomes becomes less predictable.
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Figure 8-9: Schema XIII Visualisation of the lay designer characters Settler and Voyager 
and Stroller and Horseman
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Iteration and Freedom in a Toolkit

I would like to point out two other findings that came up in this study. The 
first concerns iteration in a toolkit. The toolkit allowed the participants to 
make “complete cycles of trial-and-error learning” (Von Hippel, 2001). 
However, iterations between different media were lacking in this toolkit 
and in mass customisation toolkits in general. Second, the amount of 
freedom the layperson has in a toolkit is an issue that deserves attention. 
From the reflections of the participants, it is clear that some of the partici-
pants wanted to have more freedom while for others the amount offered 
was sufficient. One way of addressing the need for a varying amount of 
freedom is to offer different levels of freedom in the toolkit so that the 
people can master a skill and gain knowledge while using a toolkit.

Discussion and Conclusion
This study investigated layperson participation in the design process by 
inviting the layperson without traditional training or experience in design 
to perform a design task. The participants were asked to design the aes-
thetics of an everyday product. The toolkit and the layperson were the 
focus in this study and the aim was to identify different characteristics 
and behaviour of these lay designers. The discussion of this study operates 
on two levels: I first describe the aspects from this study that are relevant 
for future toolkit development. Then, I use the model of competency sets, 
as discussed in chapter 3, to evaluate this study and discuss the broader 
implications it has for layperson participation in design.

Implications for Toolkit Development

This study pointed out three core findings that concern the layperson 
designing a product through a toolkit. The first two, lay designer charac-
ters and the behaviour of the participants, concern the user of the toolkit. 
This might help designers shape their toolkits in terms of guidance, for 
instance. The third finding about predictability helps make designers 
aware of their input and influence. The issues discussed are of course 
not all the issues a professional designer might face when developing a 
toolkit. These are the ones that came up in this particular study; Therefore, 
this study could be seen as a starting point in trying to understand the 
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layperson when designing through toolkits.

Implications for Layperson Participation

This study also led to some considerations regarding layperson participa-
tion in the design process. To fully utilise the potential of lay designers 
and digital production technologies such as 3D printing, one might need 
to use a richer and contextualised design process by focusing on and 
including multiple phases of the design process. Advancing layperson 
participation not only presents a technological problem with issues such 
as the quality and price of 3D printing, but it also presents more of a design 
problem. When engaging the layperson in the design of products, they 
need to understand what it means to create something rather than being 
tricked by some part of a process in an isolated manner. For instance, 
practicing an iterative process, as professional designers do, might prevent 
users from being disappointed with the first trials of a design.

If I apply the four competency sets introduced in chapter 3 to this study, 
the following can be noted. The toolset that was offered in this study was 
an easy to use interface consisting of a 3D model with sliders. The skill-set 
that was required to participate was basic computer operation. No spe-
cialised 3D modelling skills were required. The knowledge set was not 
specified, but university students were taken that had no particular design 
knowledge. The mindset of the participants was focused on selecting and 
buying products in a mass production setting, which is what they, and the 
layperson in general, are experienced in. The mass production paradigm 
is based on a model of acceptation or rejection of products rather than the 
expression of preferences, needs, and desires into the creation of a product. 
The toolset was in focus in this study whereas the skill-set, knowledge, 
and mindset were not addressed. To fully utilise the potential of layperson 
participation and to let them truly design something by themselves, it is 
necessary to address all four competency sets. A next step for research in 
lay design is to look at contextualised design processes for lay designers.

In this study I identified some lay designer characters and behaviours that 
people had when designing a product using a toolkit. These characters 
might not be the only ones that could occur and in other toolkits that are 
more open and less guided, different behaviours might appear. A growing 
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interest in designing through toolkits raises questions about how people 
use toolkits and what it means for professional designers who develop 
toolkits in practice.

8.4 Study 8: Examining the Qualities of 
an Algorithmic and Parametric Design 
Approach

Introduction
In the recent years toolkits, such as Cell Cycle5 that enabled the layperson 
to design jewellery and SketchChair that enabled one to design furniture, 
have emerged through the increasing accessibility of digital fabrication in 
combination with the opportunities of computational design. Mass cus-
tomisation toolkits typically use the mechanism modularity. A product 
is made modular by the designer, which enables the layperson to choose 
from different modules and combine them into one personal product. 
This approach has proven to be successful and it is suitable for mass pro-
duction technologies where all the different modules can be produced in 
advance, and by the time the layperson wants to design his/her product, 
he/she simply has to choose from a set of available modules.

However, 3D printing enables the production of objects on-demand and in 
combination with digital design the need to design and produce modules 
in advance is thus removed. In study 2 (chapter 7), I discussed different 
ways of creating variability; I identified four so-called mechanisms and I 
investigated two of these mechanisms, the parametric one that I used in 
studies 6 and 7 and an algorithmic mechanism that can be labelled under 
the general term of generative mechanism. The aim of this study was to 
investigate the qualities of an algorithmic design approach by comparing 
a specific algorithmic approach, the use of an evolutionary algorithm, 
with a parametric design approach. The broader purpose of this study 
was to investigate the tension between the designer’s intention and the 
layperson’s autonomy through a comparison of design approaches. The 
motivation for doing this study was the renewed interest in algorithmic 
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and automatic ways of design, often used in 3D printing, that was insti-
gated by computation.

In chapter 5, I discussed several alternative approaches to form giving and 
I used computational design as well as a form-function-context approach 
in this study (“Form Finding: An Alternative Approach to Form Giving”, 
chapter 5).

Method
Two toolkits were developed in order to identify the qualities of a para-
metric and algorithmic design approach. The parametric approach 
resembles the way a designer works by being in control of every detail and 
being able to go back and forth quickly. The algorithmic approach concerns 
the creation of geometry through the use of an algorithm; In this case, an 
evolutionary solver was used, one of the results of this algorithm is shown 
in figure 8-10. I developed two toolkits that consist of a 3D design and a 
user interface. The two toolkits were developed in Grasshopper6, a visual 
programming plug-in for Rhinoceros 3D modelling software, which is 
meant for creating geometry and allows direct transfer of geometry to 
Rhinoceros and consequently to a 3D printer. This software also enables 
one to create a simple user interface with buttons, sliders, and displays. 
In contrast to the CAD software used in studies 6 and 7, the Grasshopper 
environment is designed and often used for creating highly adaptable 
geometry. By using this type of software (there are other commercially 
available solutions, such as Generative Components7), I was able to dig 
much more into the world of parametric and computational geometry 
and develop a higher functional toolkit that was still a lo-fi prototype in 
terms of aesthetics, but in functions and features much closer to what I 
had in mind.

Setup of the 3D model

The object of interest in this study was a lampshade. The 3D model was 
a cylindrical shape, a loft of three circles that was populated with cells. 
The cell was a small unit with a square base and circular top. By popu-
lating the surface of the loft shape with these cells, the geometry of the 
lampshade was created (figure 8-11). The performance of this lamp was 



Figure 8-10: 3D Printed lampshade model
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Figure 8-11: Form structure of the lampshade, step 1 define cell, step 2 populate surface 
with the cell in an uniform or non-uniform way, step 3 wrap cell around 3D shell

The surface can be populated with cells in an 
uniform and non-uniform way. In the latter 
case, the cells can be responsive to other 
geometry such as a specific point on the 
surface as shown in the examples in step 2.

The cell is a cone shape form that can be 
adjusted on the top radius, the bottom 
surface and the height. Hereby the amount 
of light that enters through the top can be 
defined.
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The lamp’s light quality is determined by three variables, namely the amount of focused 
light, the amount of ambient light and the cost of 3D printing.
1. Variable focused light = total surface area of opening at the bottom
2. Variable ambient light = total surfaces area of all the holes
3. Variable cost price = volume of material use



Geometry variables

Geometry variables

Geometry variables

Parametric toolkit

Context of use
Position
Angle

Radius 1
Radius 2
Radius 3

Height

Light quality
Number of cells (horizontally)
Number of cells (vertically)
Radius of cells
Extrusion height of cells

Shell circles

Loft

Focused light Cost price Ambient light

Layperson input 
through sliders

Geometry

Geometry

Performance variable Performance variable

Step 1 Generate random shell

Algorithmic toolkit

Generate list of 
random values

Radius 1, 2, 3
Height 2

Circles, Loft

Step 2 Evolve lampshape (cell population)

Cells

Layperson input 
through generate 
button

Layperson input 
through sliders

Gene 1 Radius 3 Radius 1 Radius 2

Gene 2 # of cells vertical

Gene 3 # of cells circular

Gene 4 Radius of cells

Maximise fitness, stop!
Store designs in
database (Excel) Retrieve with condition

Focused lightAmbient lightCost price

Fitness = (Cost * factor 1) + (Ambient light * factor 2) + (Focused light * factor 3)

Figure 8-12: Schematic overview of the parametric toolkit
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Figure 8-13: Schematic overview of the algorithmic overview



Figure 8-14 (top): Interface of the parametric toolkit

Figure 8-15 (above): Interface of the algorithmic toolkit

Figure 8-16 (right page): Three sequential screen shots of the algorithmic toolkit with the 
evolutionary algorithm in progress
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defined according to three variables, namely the amount of focused light, 
the amount of ambient light, and the cost price of 3D printing the object. 
The first variable, the amount of focused light, was defined by the size of 
the opening at the bottom of the loft shape. The variable ambient light 
was calculated by adding the surface area of the holes of all the cells. All 
the cells together dispersed a certain amount of light that was labelled as 
ambient, since it went in all directions and was not directed towards the 
surface, e.g. a table that was underneath the lamp. The third variable, the 
cost of 3D printing, was calculated by multiplying the sum of the material 
used (volume in cm3) with the cost of selective laser sintering. This meant 
that the price of 3D printing this lampshade did not depend on it overall 
size, but only on the amount of material used.

Design Approach 1: Parametric

The parametric design approach enables the user to directly affect the 
geometry of the object by using sliders that are connected to parameters 
(figure 8-12). For example, by having a slider with parameter height, the 
height of the object changes according to the slider position. This is similar 
to the way of affecting the object in studies 6 and 7. The lampshade that 
was developed in this study contained ten geometry variables that were 
parameterised and directly controlled by ten linear sliders. Furthermore, 
three displays showed the variables amount of focused light, amount of 
ambient light, and cost of 3D printing to inform the user about the per-
formance of the object. In figure 8-14, the interface is shown, on the left, 
with the control panel consisting of 11 sliders, three information displays, 
and a drop-down menu. On the right, a 3D model of the lampshade is 
shown that updates in real-time when the sliders are altered. The user was 
also able to rotate the object, pan, and zoom in and out.

Design Approach 2: Algorithmic

The algorithmic design approach uses an evolutionary solver to compute 
the shape of the lampshade to a desired performance set by the user. 
The evolutionary solver Grasshopper is a form of genetic algorithm and 
mimics natural evolution by using the concepts of mutation, inherit-
ance, crossover, and selection. The difference, however, is it includes a 
human selector, the user, who defines the starting point and is able to 
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stop the algorithm at any point. Therefore, the user always has the final 
say in the design process. The evolutionary algorithm uses four variables, 
called genes, and a fitness function. The genes are connected to different 
geometry variables, including radius, number of cells in u and v direc-
tion, and radius of cell. The fitness function was, in this case, defined by 
the variables cost of the 3D print, amount of ambient light, and amount 
of focused light (figure 8-13), which are all set by the user. The algo-
rithmic approach starts with defining the overall shape of the lampshade. 
Responding to the push of a button, the system generates a random shape 
and this process continues until the user is pleased with the result (figure 
8-15 and 8-16). The next step is to configure the desired performance of 
the lampshade by defining the variables cost, amount of ambient light, 
and amount of focused light. Then, the evolutionary solver calculates the 
optimal form according to the desired performance. The algorithm alters 
the shape; However, the user’s design intention is maintained as much as 
possible. In figure 8-10, a 3D printed version of an evolved lampshade is 
shown.

User Study

In the user study nine participants were invited to use both approaches in 
designing a lampshade. They compared the two approaches and reflected 
upon it in a written survey. The participants were students from Umeå 
University that were doing an introductory year in industrial design and 
had a range of different backgrounds, from psychology to engineering 
and language studies. These students can be seen as relatively novice in 
design and I chose to invite them rather than naïve students since they 
were familiar with the design process and 3D design software; Thereby, I 
invited more critical voices. In this case, I also overcame the surprise of 
the opportunities enabled by this technology.

The first step of the user study was the research phase, where the partici-
pants were asked to conduct a small analysis of the context in which they 
would like to design a lampshade. The participants were given the task of 
designing a lamp for an environment and/or activity they could choose. 
For instance, they could choose to design a lamp for their home or work 
place. Along with the briefing they received a blank piece of paper for 
drawing or writing up a scenario or sketches. The second step of the user 
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study was the design phase where they used the two approaches to design 
their lampshade. There was no time restriction and the toolkits allowed the 
participants to iterate during the process, going back to a previous stage 
at any time. There was a 3D printed model of a lampshade as an example 
in the room. The final step of the user study was a reflection obtained 
through a written survey, which consisted of statements and open ques-
tions and focused on the process of designing with the parametric and 
algorithmic approaches.

Results
The results of the user study were twofold: the actual lampshades the par-
ticipants designed (figure 8-17) and the reflections of the participants in 
the form of a written survey.

Reflections of Participants on Design Approaches

In this study, the participants were asked to design a lampshade and 
reflect on it through a written survey. All nine participants filled out the 
survey; However, one participant failed to complete the design task. The 
algorithmic outcomes were favoured above the parametric ones since the 
outcomes of the algorithmic approach fit better in the context. Furthermore, 
participants preferred the suggestive character of the algorithmic design 
approach. Participants did not prefer the parametric approach because 
of its complexity and the feeling that it was too limited in the sense that 
users with a clear predetermined idea were not always able to achieve it. 
As one participant stated: “I already [had] some shape in my mind, but I 
[couldn’t] make it here” (participant 3). However, participants felt more 
involved “in making the product” (participant 6) when using the para-
metric approach compared with the algorithmic approach. In the end, the 
overall satisfaction was higher with the algorithmic approach due to the 
surprising random shape generation and evolution of the shape.

The parametric design approach is, according to the participants, more 
transparent than the evolutionary approach and participants felt more 
engaged using the parametric sliders to design the lampshade since it 
gave immediate feedback on their actions, while the computation took 
at least several minutes to up to half an hour to calculate. However, it 



Figure 8-17: Parametric designs in the left column and algorithmic design in the right 
column of 5 participants
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did not influence their evaluation of the evolutionary design in a negative 
way. Parametric design made the participants feel more creative and it 
was rated as a more skilful activity. They also said that more competence 
was needed: “I felt more involved in the actual design of the lamp; I felt I 
needed more knowledge and more trial-and-error.” (participant 8). Using 
parametric design led to a more personal outcome and the participants 
felt they created something of their own. The participants perceived the 
algorithmic approach as more suitable for conveying their design inten-
tions. They also thought it was easier to work with as well as easier to 
understand and the majority of the participants acknowledged that it 
delivered more surprising results. However, the ownership was slightly 
higher for the direct manipulation even though they saw themselves in 
both approaches as part author of the design. The participants did not 
solely explore or exploit the design space, but they found a balance 
between these two extremes.

Reflections of Participants on the Designs

The majority of the participants said that the outcomes of the algo-
rithmic approach were more surprising than the ones of the parametric 
approach. The first design emerged when the participant was using the 
random shape generator of the toolkit. The participant’s intention was to 
design an outdoor lamp, but the participant did not have a mushroom 
in mind. When the shape came along, the participant associated it with 
a mushroom and was immediately enthusiastic. The shape of the algo-
rithmic designs were more developed and refined than the parametric 
ones. This can be explained by the fact that the algorithm–and therefore 
indirectly the designer of the toolkit–has greater influence on the design 
whereas the parametric approach relies for a large part on the user.

Findings
The findings are presented in the form of qualities of openness in regard 
to the competence of the layperson. Openness was defined by two dimen-
sions, product and process, in study 5 “Conceptualising Openness” 
(chapter 7). These qualities contribute to understanding the tension 
between the designer’s authority and the layperson’s autonomy. The notion 
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of qualities is used to depict the nature of each approach and to discuss 
the consequences of each quality in order to inform designers when devel-
oping toolkits for lay design. The four qualities emerged mainly from the 
analysis of the survey data gathered in the study and the qualities are 
labelled as transparency, initiation of action, granularity, and automation.

Qualities of Openness in terms of Competence of the Layperson:

Transparency

The quality transparency is concerned with the amount the layperson is 
able to see of the mechanism that enables variability. By being able to see 
how the system works, the user can better understand the consequences 
of their actions and therefore better work with the system to accomplish 
their design intention. According to our participants, the parametric 
toolkit is more direct than the algorithm. A parameter changes a geometry 
variable directly and the user is able to see what part of the geometry is 
affected. For instance, a height parameter changes the height in some 
way or another, whether it be linear, exponential, or with a certain ratio. 
An algorithm, however, can be many times more complex and thereby 
opaque to the user. In the case of the evolutionary algorithm, it is not clear 
to the user precisely how it works and the user does not have an influence 
on the algorithmic variables such as inheritance, crossover, mutation, and 
population. By exposing an algorithm and giving the layperson the tools 
to alter the algorithm, the user will probably feel more in control and be 
part of the computational aspect of the design.

Initiation of Action

Initiation of action is concerned with which actor, the layperson, the 
designer, or the system, takes the initiative and leads in the design process. 
In the parametric toolkit, all the actions are user initiated. There are no 
suggestions made by the system and suggestions by the designer are made 
to a lesser extent, which gives the user the feeling of being in control. In 
the evolutionary toolkit action is also initiated by the system where the 
algorithm generates random shapes and optimises towards a solution. 
Even though the user is the initiator and the selector during the different 
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stages of the design process, certain control is handed over to a system 
which the participant does not completely understand. Interestingly, 
some participants found the use of the algorithm exciting and many were 
positively surprised by the results of the algorithmic approach.

Granularity

The quality granularity is concerned with the level of detail the design 
approach possesses. The parametric approach is seen by the participants 
as a more detailed approach since one parameter can be a single geometry 
variable, such as the radius of a specific corner. In this study, I found that 
the parametric approach was preferred for detailed control and it requires 
the competence of the user. This is in contrast to the algorithmic approach 
where the layperson is concerned with defining the general line rather 
than specifying details. The algorithmic approach used for designing the 
lampshade was therefore more suitable for novices since working on a 
detailed level requires experience and a certain sensitivity a novice has 
not developed.

Automation

Automation is concerned with the amount of tasks performed by either the 
layperson or the toolkit system. The parametric approach is characterised 
by the craft of the user in the sense that the user has to go through many 
iterations and evaluate these in order to find the best design solution. The 
algorithmic approach is concerned with an algorithm that works for the 
layperson and does the hard work of figuring out the optimal solution. In 
this context, the algorithmic approach was found to be easier according to 
the participants and depending on the complexity of the design it might 
be the only feasible option with which to work. The evolutionary designs 
look more professional than the parametric ones, and the influence of the 
algorithm is clearly visible on the end results. The quality automation is 
related to professionalism; The algorithmic approach enables more pro-
fessional outcomes compared to the parametric approach since the latter 
relies for a large part on the work done by the lay designer.
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Quality of Interaction: Responsiveness

An additional quality that was identified is responsiveness, which is 
a quality of interaction and concerns the speed with which the toolkit 
responds to the user input. The parametric toolkit allows control over the 
object through real-time feedback; When the user changes a slider, the 
geometry of the object changes directly. This direct interaction gives the 
user a feeling of being in control. It also enables iteration in much shorter 
cycles. In the algorithmic toolkit, the user has to wait for the system to 
compute. In this case where an evolutionary solver is used, depending on 
the number of genes and the complexity of the fitness function it could 
take several minutes to several hours and this slowness is inherent to evo-
lutionary solvers. The waiting time could lead to the feeling of not being 
in control, even though during the time the algorithm is computing, the 
user receives visual feedback from the system.

The findings of this study are presented in the form of qualities. By using 
qualities, I aimed to describe the nature of each approach and the conse-
quences of using it. These are the four qualities of openness in relation to 
the competence of the layperson that came out of the study performed 
with novice designers. There might be additional qualities that did not 
surface in this study, which might be revealed by having different par-
ticipants such as expert designers, different algorithms, applying these 
approaches to different product categories, or focusing on different fab-
rication technologies.

By involving the layperson in the design of everyday products, the main 
issue that designers are confronted with is the trade-off between designers’ 
intentions and the layperson’s autonomy. Opening up the design process 
and giving the layperson access to the design requires competence from 
the layperson. In order for designers to develop toolkits and the accom-
panying products that can be adapted by the layperson, it is important 
that they are able to use the appropriate design approach or combina-
tion of approaches and understand the consequences of each approach. 
Depending on how much designers want to involve the layperson in the 
design of a particular product, they can use the approaches in an inten-
tional way and be able to anticipate the consequences.
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The four qualities are trade-offs without stating the “better” end of each 
spectrum since this relates to the purpose of the toolkit. For example, one 
could say that a more transparent toolkit is better because it shows people 
how something works; However, opaque toolkits can be more suitable in 
other situations.

Discussion and Conclusion
The optimum amount of layperson participation a toolkit offers depends 
on each individual’s intention, skills, and knowledge. Therefore, the 
optimum amount of openness cannot generally be determined. I there-
fore suggest an increasing participation through addressing multiple skill 
levels so that the layperson will be able to find his or her optimum amount 
of involvement. The layperson can gradually become more involved if 
desired and with each increasing step of participation, and the layperson’s 
competence also increases as they progress.

The two toolkits used in this study both address a single skill level and 
do not allow the user to evolve new skills and master them. However, 
the toolkits do address different levels of participation; The participants 
saw the parametric approach as a more detailed and more skilful activity 
compared to the algorithmic approach. The evolutionary toolkit can be 
classified as a low level of participation since it does not require any spe-
cialised skills on the part of the layperson.

To take this idea of increasing participation in a toolkit further, I exem-
plify it with the algorithmic toolkit and the quality transparency. The 
quality transparency can be ranked from simply using the evolutionary 
algorithm as the basic level. The layperson does not know exactly how the 
algorithm works, but can only use it to find a desired solution. A second, 
higher level of participation would be when the layperson gains influence 
over the behaviour of the algorithm by being able to alter the algorithmic 
variables such as mutation, population, or crossover. A third level could 
be characterised by having influence on the formation of the genes and 
fitness function so that the layperson is able to directly change the way the 
algorithm develops the geometry. These three levels could be integrated 
into one toolkit so as to address multiple skill levels, thereby making it 
suitable for different users as well as allowing a user to grow in skills and 
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knowledge.

To conclude, this study has several limitations that can be developed in 
future work. The toolkit that was developed could be refined and the genes 
and the fitness function could be improved to make the design better fit 
in different contexts. Another feature that could be added is a simulation 
of the light conditions in order to let the user experience the perform-
ance of the lampshade before it is manufactured. The development of the 
user interface was beyond the scope of this study and therefore there is 
much room for improvement. Using this approach for different product 
categories might reveal other qualities and inform designers and toolkit 
developers in new ways.

8.5 Conclusion
This chapter presented three empirical studies that explored layperson par-
ticipation in the design of everyday products through the use of toolkits. 
These studies opened up the research area of lay design and raised some 
important issues regarding layperson participation and the use of toolkits. 
The insights from this chapter contribute to the overall question that this 
research investigated, namely the changing role of the designer and the 
layperson.

Studies 6 and 7 articulated certain issues and challenges of lay design, such 
as the lack of variation, responsibility shift, autonomy of the layperson, 
behaviour of lay designers, and characteristics of lay design. Study 8 more 
specifically explored two different ways of creating adaptable designs in 
toolkits and built on the theory presented in chapter 5 regarding form 
finding.

Notes:
1: Design For Download, Droog, 2011, http://studio.droog.com/studio/all/design-for-download/, 
last visited: 10 February 2015
2: D.Dress, Continuum Fashion, www.continuumfashion.com/ddress, last visited: 10 February 2015
3: MakerBot Thing-O-Matic 3D printer, this 3D printer is no longer available, http://www.makerbot.
com/blog/2010/09/25/announcing-makerbots-new-3d-printer-the-thing-o-matic/, last visited: 26 
January 2015
4: Merriam-Webster, search term: character, www.merriam-webster.com, last visited: 27 January 
2015
5: Cell Cycle, Nervous System, www.n-e-r-v-o-u-s.com, last visited: 10 February 2015
6: Grasshopper, algorithmic modeling for Rhino, www.grasshopper3d.com, last visited: 10 February 
2015
7: Generative Components, Bentley, http://www.bentley.com/en-US/Promo/Generative%20
Components/default.htm, last visited: 10 February 2015





9.1 Introduction
This third and final chapter of the “Investigations” part presents study 9, 
a large constructive design research study that brings together the research 
presented in chapters 7 and 8 by using the developed concepts and 
insights from these studies as a basis. While studies 6 to 8 were explora-
tive in nature, this study can be seen as propositional in the sense that I 
have developed a proposal of what the relation between the roles of the 
professional designer and layperson could look like in a future lay design 
scenario. Due to the extensiveness of study 9, it is accompanied with 
additional material that can be found in the digital appendices at www.
openingupdesign.se/appendices.

9

Investigating a Future 

Lay Design Scenario
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9.2 Study 9: Lay Design of Audio 
Equipment

Introduction
The aim of this study was to gain an understanding of the relation between 
professional designer and layperson when the latter uses a toolkit to design 
everyday products, in this case audio equipment. The questions that I 
wanted to answer with this study are: What could the relation between 
the designer and layperson look like in lay design? How can their respec-
tive roles be characterised? What will a toolkit that enables lay design 
look like? Before I started this study, I formulated a set of assumptions 
that were used to focus my attention rather than to prove them right or 
wrong. This study is different from studies 6-8 (chapter 8) since they were 
explorative in nature, while this study brings together my research. The 
assumptions were formulated as follows:

 › There is a breaking point when it becomes too much, too difficult, or 
too complex for the layperson.

 › The nature of this toolkit is different from any other digital-physical 
toolkit, especially the well-known mass customisation toolkits as well 
as computer-aided design software.

 › The gradual involvement, or learning curve, is seen as a good thing 
and is an appropriate way to have different types of people involved in 
the design process.

 › Having designerly tools, such as a paper prototype and sound check 
tool, makes sense and is essential for a lay design toolkit.

 › This toolkit for lay design will trigger design practitioners in some 
way. Some might be afraid but some will see new opportunities and 
also see the complexity that can be reached in the product, as well as 
the complexity of using such as toolkit.

In order to fulfil the purpose of this study and answer these questions, I 
developed a future lay design scenario. I then had design practitioners 
look at this scenario, read through the storyboards, and look at the 
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toolkit and products; In other words, I immersed them in this lay design 
scenario in order to ask these design practitioners, who are here seen as 
the experts, several questions about it. The future lay design scenario con-
sisted of several materials that I developed and these were based on the 
insights that I gained from the previous studies. First of all, I developed 
three personas, which are three different types of layperson that would use 
the toolkit for their own purpose, with their own skill level and intentions. 
I then developed three storyboards that show the background and moti-
vation of each persona. Second, I developed a toolkit prototype that was 
clickable so that the design practitioners could click through it and see 
how these personas would use the toolkit. Third, I designed and fabricated 
three audio products that were the outcomes of each design process of the 
personas.

The intended outcome of this study was an increased understanding of 
lay design, the relation and roles of professional designer and layperson, 
as well as a contribution to the toolkit design guidelines that I aimed to 
formulate; These guidelines are presented in chapter 10.

A Toolkit for Audio Equipment

The toolkit developed in this study focuses on the domain of audio equip-
ment. A domain-specific toolkit is located between a general purpose 
and product-specific toolkit (study 1, chapter 7). It contrasts to a general 
purpose toolkit, such as 3D modelling software, in that this toolkit 
operates in a particular domain, whereas 3D modelling software enables 
the user to design literally anything, from a car, to furniture and kitchen 
utensils. A domain-specific toolkit is also different from a mass cus-
tomisation toolkit, which focuses on one particular product. The toolkit 
developed in this study allowed one to stretch its boundaries beyond one 
product category; One is able to go beyond the category of amplifiers and 
move to the category of speakers, but one remains in the domain of audio 
equipment.

The domain of audio equipment was selected for three reasons. First of 
all, it is a domain that has many different types of products that are used 
in everyday settings. Second, the products are characterised inherently by 
a certain complexity since they consist of multiple parts and electronic 
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components and are therefore potentially more challenging to design 
by the layperson than, for instance, interior accessories such as vases 
and lamps. Finally, lay design of consumer electronics has not yet been 
explored in depth in combination with 3D printing technology. Consumer 
electronics is the least frequent category of customisation according to 
the MC-500 benchmark study (Walcher & Piller, 2012, p.7). 3D printing 
enables the customisation of hard-shell plastic housings typically used in 
consumer electronics and therefore it is an opportunity to focus on the 
domain of audio equipment for this research study. One has to keep in 
mind, however, that this product domain was chosen as an exemplar to 
have a focus in this study.

This study is structured as follows: I first discuss the method. Then, 
I present part 1 of the study, which focuses on the materials that were 
developed for the lay design scenario. Part 2 focuses on the interviews 
with the design practitioners. The findings of this study are ordered in 
main insights and additional findings that focus on the user interface of 
the toolkit.

Method
In order to present to the interviewees a lay design future, I developed 
a future through prototyping and using design fiction, as discussed in 
the section “Methods” (chapter 2). Rather than evaluating, examining, 
or reflecting on existing toolkits and objects, the constructive design 
research approach, as discussed in chapter 2, allowed me to develop a fic-
tional world based on my previous research insights. This approach aims 
to generate knowledge by designing something, in this case a software 
interface and physical objects, and evaluating or gathering data regarding 
the designed artefacts, in this case interviews with design practitioners. 
The study consisted of two parts. In the first part, I developed a lay design 
future and in the second part, I interviewed designers about this partic-
ular future. It is important to keep in mind that all the materials developed 
in this study served the purpose of immersing the interviewees in it and 
having them discuss and think about the implications of this future. The 
toolkit and product prototypes were not meant to dictate a future and they 
should not be seen as immediate implementable designs (even though 
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they might be implementable).

Part 1 Materialising a Lay Design Future

In figure 9-1, a schematic overview is provided of the first part of this 
study. The aim was to develop a lay design future in which the inter-
viewees could be immersed and therefore I decided to develop a range of 
materials: three personas and storyboards, a toolkit prototype, three audio 
product prototypes, and videos of these prototypes in use. These materials 
were presented on a website that allowed the interviewees to navigate the 
future at their own pace. The development of this material followed a tra-
ditional design process where I formulated criteria and intentions, created 
ideas and sketches, and through iteration developed the final prototypes. 
This process can be found in more detail in the digital appendices.

Part 2 Interviewing Design Practitioners

In figure 9-2, a timeline is presented of the sequence of each interview 
consisting of six steps that led the interviewees through the material and 
questions. The choice for qualitative interviews was made in order to get 
rich answers and deep insights from the reflection of the designers. I am 
interested in revealing issues and gaining insights and different perspec-
tives on the subject matter; Therefore, I asked the participants open-ended 
questions which allowed them to communicate their point of view. 
From the interviews data was gathered in the form of audio recording 
and schema drawings and this data was analysed and consolidated into 
insights. The questions that were asked of the interviewees concerned 
the accountability of the professional designer and layperson, the form 
finding approach, and the aesthetics of the products of the Wave Twister 
toolkit.

Part 1 Materialising a Future Lay Design Scenario
This section focuses on the preparation of the study for which I developed 
a toolkit, titled Wave Twister, that enables the layperson to design audio 
equipment. In figure 9-1, a schematic visualisation is shown of the material 
that was developed for this study. Besides the toolkit, three personas have 



Part 1
The materials that were developed to 

create a future lay design scenario

Toolkit Wave Twister

Personas and Storyboards

Audio Product Prototypes

Figure 9-1: Visualisation of part 1 of the study, the material, i.e. personas, storyboards, 
a toolkit and product prototypes, that I developed to create a future lay design scenario
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Part 2
Interview design practitioners about

the future lay design scenario

Figure 9-2: Visualisation of part 2 of the study, the interview sequence that I went 
through with each participant
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been crafted in accordance with different backgrounds, interests, and 
skill levels that came through during a scenario in which the interviewees 
clicked through the Wave Twister toolkit. The outcome of each scenario 
is a product that fits each persona. In this section, I describe the develop-
ment of the Wave Twister toolkit, the personas and storyboards, as well as 
the product prototypes.

Personas and Storyboards

Three personas and storyboards were developed that visualised a future 
in which the layperson designs an audio product by using a toolkit (figure 
9-3). Personas are fictional users that typically represent a potential group 
of users and are used in combination with storyboards in new product 
development in order to visualise and think about how the new product, 
service, or product-service system should work (Grudin & Pruitt, 2002, 
p.146; Stickdorn & Schneider, 2010, p.178). The personas and storyboards 
describe three different lay designers that all have an interest and moti-
vation to use a toolkit to design audio equipment. The main difference 
between them is intention, skill level, and experience and they therefore 
use the toolkit in different ways and end up with different designs. The 
three personas can be categorised by using the skill acquisition model 
(Dreyfus, 2004) as follows: persona 1 is a novice user since this persona 
follows the rules and does not challenge the toolkit; persona 2 is compe-
tent since this user intentionally plans a design rather than just exploring 
and seeing what happens; and finally persona 3 is proficient since this user 
goes beyond the normal trajectory and comes up with something novel.

Persona 1 John

The first persona is John. He represents the novice lay designer, or 
someone who is interested in being a participant in the design process 
but has neither the prior experience nor the skills necessary to initiate 
or develop something by himself. Guidance is crucial for this group and 
even though they are motivated to do something, they can be easily put 
off when the task looks too complicated or when the toolkit is too difficult 
to grasp right away. This persona wants to design something for a specific 
usage situation that he/she has encountered in everyday life. The experi-
ence of this persona goes as far as being an aware consumer, someone 
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who shops around and knows what is available on the market. He/she is 
opinionated, but cannot necessary express a desired outcome. He/she has 
a more reactive attitude; Once the persona sees something, an opinion is 
articulated. In terms of skills, the persona has no specific design skills, like 
drawing, visualising, or modelling, or any other artistically-oriented skills. 
Also, computer skills are basic and the persona does not use the computer 
for anything beyond ordinary tasks like e-mailing, web browsing, and 
word processing.

Persona 2 Anna

The second persona is Anna, who represents a type of layperson that has 
a much more clear idea of what they want. This is the critical consumer 
who thinks twice before making a purchasing decision and who does not 
impulsively buys anything. Rather, she buys one item that is completely 
what she desires and that she will not replace with a cheaper item. This 
persona spends quite a lot of time finding alternatives, comparing in 
stores and online. Information is the key to this persona; She wants to 
know everything about a product, how it works, all of its features, the 
quality of particular parts, etc. Anna’s experience does not tap into tradi-
tional design skills like drawing and prototyping, but she has an eye for 
detail and has the patience to endlessly tweak, evaluate and reconsider a 
proposal. Her computer skills are good since she uses complex software at 
work that requires time and effort to get familiar with.

Persona 3 Mike

The third persona, Mike, represents the hobbyist that has experience in 
making things and has a strong idea of what he wants. This layperson has 
technical knowledge in, for instance, electronics, wood working, HTML 
programming for websites, or another relevant DIY area. This persona 
spends his spare time learning about new processes or technologies and is 
engaged in the making process based on personal motivation, such as the 
enjoyment and relaxation it brings. The key aspect of this persona is being 
able to initiate, develop, and experiment with an idea. The experience of 
this persona goes beyond that of many consumers, but often this type of 
persona is specialised in one particular area.
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Scenario 2 Roots

I spent a lot of time on my 
interior, I like when things 
match. I rather have one 
thing that is perfect than 
buying something that I 
can throw away after a few 
months.

I’m Anna.

I love quality things and 
care about my living 
environment.

Background

Age    34 years
Work  lab scientist
Education  biomedical science
Living in   Berlin, Germany 
with   alone

Rather than buying something new 
that doesn’t work with the things that 
I already own and value, such as my 
vinyl records and record player.

...but if I can get a starting 
point and go from there
and just tweak it very precisly.

See in scenario 2 how Anna uses the Wave 
Twister toolkit to design what she wants.

What if I could have
Hi-Fi set that not only 

matches my style and to 
which I can connect my 

existing equipment,

Yeah, I’d like to have it just 
made for my living room 

shelve, literally an exact fi t.

but also fi ts in my book
shelve in the living room.

I’m very careful when it 
comes to choose what I buy...

I don’t know how to 
model in 3D though...

I takes me often quiet some 
time before I decide on buying 
something. I visit diff erent stores 
and compare products with each 
other online to fi nd the best 
suitable option.

1 2 3
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Scenario 1 Portable

I’m using my smart phone to 
listen to music, but the volume 
is so low, especially when I’m 
with a bunch of friends!

I’m John.

I’m really into food,
and music.

Background

Age    24 years
Work  chef at a local restaurant
Education  culinary school
Living in   Malmö, Sweden
with    his girlfriend

...but I don’t like the generic black boxes 
that are bulky and without personality. I 
want something that complements my 
style...There are these speakers for 

phones, that would be ideal 
to use, especially if I can use 
it in the kitchen, living room 
or basically anywhere that I 
want to go...

...but I do know what
I want once I see it and 
with some help I could 
make something for 
myself.

See in scenario 1 how John uses the Wave 
Twister toolkit to design what he wants.

What I need is a 
portable speaker, 

small, with batteries 
and in colors that fi t 

my style...
...something that is not

off  the shelve, but 
unique to my situation, 
something I can use in 

diff erent ways.

I have the creativity, but not the skills...

I have always been passionate 
about music, I really enjoy 
listening to it and when I’m at 
home there is always music on.

I don’t know 3D software
I don’t know how to draw,
I don’t know electronics 
either...  

I love to listen to music when I’m 
doing something else, for instance 
when I’m cooking. I have loads of 
playlists that I made myself and 
share with my friends.



Figure 9-3: Persona and scenario 1 (left, top), persona and scenario 2 (left, bottom) and 
persona and scenario 3 (right)
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Scenario 3 Cells

I’ve been making DIY speakers 
and stuff , but one think I don’t 
like about it is the amateuristic 
look, I don’t know how to make 
it look more professional.

I’m Mike.

I like to make stuff  in 
my spare time.

Background

Age    42 years
Work  mechanic
Education  engineering
Living in   Amsterdam, The Netherlands
with   his wife and three kids

I’m dependent on existing buttons, 
knobs and toggle switches. I want 
to have more control over what I 
design.

...for my home, but to 
design a whole radio 
is quiet as step.

See in scenario 3 how Mike uses the Wave 
Twister toolkit to design what he wants...

What if I could expand a 
standard radio with a new 
way of controlling it...

...and add functionality that 
you would normally only fi nd 
on high-end equipment.

So, that I will be able to make 
something truly unique!
And even share it with other people...

I have tons of audio 
equipment, and I have been 
tinkering with electronics as 
well...

I know some 3D modeling 
in SketchUp and I have been 
using a Makerbot to 3D print 
small stuff ...

...so I have a basic understanding 
what components are needed and 
how these work together. Last year, 
I did all the audio in my car, several 
speakers, a woofer and amplifi er in 
the trunk.

1 2 3
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Scenario 3 Cells part 2

but I would still like to expand 
it... to add another module with 
another function.

I’m Mike.

I like to make stuff  in 
my spare time.

Background

Age    42 years
Work  mechanic
Education  engineering
Living in   Amsterdam, The Netherlands
with   his wife and three kids

...it should fi t and look 
the same.

See in scenario 3 how Mike uses the Wave 
Twister toolkit to design a new module.

And this module should be 
complementary to the ones I 
already have...

This is a great speaker system, 
it’s really fl exible, I can use it in 
diff erent situations...

Mike has designed the 
modular speaker system...

A module which let’s you 
connect more than one device 
at the same time, so you can 

mix between songs.





Figure 9-4: Screenshots of the Wave Twister toolkit, opening screen (top left), Structure 
screen (bottom left), Brain screen (top right), Paper prototype tool (bottom right)



Figure 9-5: Materials handed out to the interviewees, Wave Twister introduction 
website with access to the material (top) and two of the 5 diagrams/schemas (bottom)

3.3 Outcome: evaluating aesthetics
What are the qualities of the diff erent aesthetics?

A. Tivoli Audio Model one B. Fab FM radio
http://web.media.mit.edu/~mellis/fabfm/http://www.tivoliaudio.com

5 Positioning the toolkit
Position the Wave Twister toolkit of this study in the diagram together with three other 
categories of toolkits. The diagram consists of two dimensions, Scope which is concerned 
with the breadth of the toolkit and Competence which is the required skill level of the user.

CompetenceLow High

Scope

General purpose

Product-specifi c

Position these six toolkits:

1 CAD software
e.g. Solidworks, Rhino

2 Consumer-oriented CAD
e.g. SketchUp, 123D

3 Customization toolkits
e.g. NikeID, Cell Cycle

4 The Wave Twister toolkti 
that is the focus of this 
research study:
A The toolkit in scenario 1
B The toolkit in scenario 2
C The toolkit in scenario 3



Structure

Library

Options

Edit

Library

Options

Edit

Library

Options

Edit

Brain Expand

Review

3D printed design

Tools: Edit, Make and Evaluate

Multiple entry points, template design or from scratch

Figure 9-6: Structure and levels of the Wave Twister toolkit



Containering tool 

1 Define container 2 Determine filling 
element, e.g. grow 
algorithm

element

algorithm

...

3 Fill up

Parameterise tool

1 Define parameters:
The software turns the 
object into a set of 
parameters, depending 
on user defined sensitivity

X

2 Set range:
Define the range for each 
parameter by minimum 
and maximum value

10 100

3 Relate parameters:
The parameters can be linked 
to each other be related to 
each other through an 
expression, e.g. P1 = 2 * P2

X
10 100

Y
10 100

Z
5 20

X X

Z

Y

Category Tool Description
Edit Parameterise Turn a geometry into a parametrically 

adjustable object, the user can deter-
mine which parameters to control and 
the range of each parameter.

Codify Turn a geometry into code so it can eas-
ily be adjusted, the language used here 
is OpenSCAD (www.openscad.org).

Make Containering Allows the user to create a geometry in 
a nature-inspired way (growing) by us-
ing an algorithm. The user starts with a 
basic cell and multiplies this cell to form 
a whole.

Paper prototype Unfolds a geometry to be printed on 
paper so that the user can physically fold 
and test the design.

Evaluate Structure Reference objects Gives a sense of scale by putting known 
objects next to the design.

Reference environment Gives a sense of scale and context by 
putting the design into a photo from the 
user’s environment.

Evaluate Brain Sound check Tool to check the working of the elec-
tronics of a design.

Circuitry check Advanced version of sound check with 
access to the underlying PCB. Similar to 
tools as Fritzing (www.fritzing.org) and 
123DCircuits (http://123d.circuits.io).

Evaluate Expand Optimise for 3D printing Enables the user to enhance his/her 
design for the 3D printing process by re-
moving material where it is not needed 
for instance in order to end up with a 
more economic model.

3D print check Tool that verifi es that the design is print-
able, in terms of closed mesh, suffi  cient 
wall thickness and so on.

Table 9-1: Overview of the ten tools in the Wave Twister toolkit



Figure 9-7: Conceptual visualisation of tools Parameterise (top) and Containering 
(bottom)

Containering tool 

1 Define container 2 Determine filling 
element, e.g. grow 
algorithm

element

algorithm
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3 Fill up

Parameterise tool

1 Define parameters:
The software turns the 
object into a set of 
parameters, depending 
on user defined sensitivity

X

2 Set range:
Define the range for each 
parameter by minimum 
and maximum value

10 100

3 Relate parameters:
The parameters can be linked 
to each other be related to 
each other through an 
expression, e.g. P1 = 2 * P2
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Figure 9-8: Design 1 Portable







Figure 9-9: Design 2 Roots





Figure 9-10: Design 3 Cells





Figure 9-11: Screenshots of video, design 1 in kitchen context





Figure 9-12: Screenshots of video, design 2 in living room context





Figure 9-13: Screenshots of video, design 3
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Toolkit Wave Twister

The development of the Wave Twister toolkit was continuously docu-
mented on a blog and the outcome is briefly presented in this section. 
Additional material about the toolkit and its development can be found in 
the digital appendices.

Fidelity

The toolkit Wave Twister (figure 9-4) enabled the user to design audio 
equipment in terms of appearance and functionality, allowing access to 
the form, materials, and colour, as well as the internal electronic com-
ponents of the design. The toolkit is a visual model and it is used in a 
scripted way, which means that the functionality is simulated. The toolkit 
is a web-based prototype made in HTML5, which allows for a fully click-
able prototype with realistic looking graphics, even though the interface 
was kept simple since this was not the focus of the study. The 3D models 
in the toolkit were made in Rhinoceros 3D and Grasshopper. This way 
of prototyping was much faster than fully developing the toolkit, which 
would be beyond the scope of this study, and even beyond this scope of 
this dissertation. More importantly, the goal of this study was to immerse 
the design practitioners in a future lay design scenario and show how the 
personages used the toolkit rather than letting the interviewees design 
something themselves.

Characteristics

The main characteristics of the toolkit were based on studies that I pre-
sented in chapters 7 and 8. Reflecting on these studies, I consolidated a 
list of five characteristics that I used to develop the Wave Twister toolkit:

1. Domain-specific scope: audio equipment

2. Focus on a specific manufacturing technology: 3D printing

3. Multiple entry points and multiple skill levels

4. Non-linear navigation

5. Enable the layperson to bring in and relate to his/her own context
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Structure and Levels

The toolkit is centred around the idea of inside-outside, which is reflected 
in the main menu (figure 9-6) where Structure represents the outside of a 
product, i.e. the housing, and Brain stands for the inside of a product, i.e. 
the electronics in this case. The other items on the main menu are Wave 
Twister, Expand, Tools, and Review. Within, for instance, Structure there 
are three sub-items, namely Shell, Patterns, and Materials and Colour, 
which in turn have three menu tabs, namely a Library with presets, 
Options for each preset, and Edit which gives more advanced control over 
the item.

The flow of the toolkit is non-linear, as visualised in figure 9-6. A starting 
point is the template design “Cube” which can be produced as it is or 
the user can change and design the Structure and Brain and Expand the 
design by using plug-ins or by developing a new plug-in. The tools can be 
applied as well. In contrast to mass customisation toolkits, the non-linear 
navigation is more similar to professional CAD software, allowing a user 
to define his/her own process. Rather than having a sequenced process, 
this toolkit has layers which allow for different levels of competence 
amongst users.

Tools

The tools section (table 9-1 and figure 9-7) aims to provide the user the 
opportunity to alter their design in more advanced ways than solely config-
uration. It is divided into three parts: tools to edit the design (Parameterise 
and Codify), tools to make (Containering and Paper Prototype), and 
tools to evaluate what the user has made (Reference Objects, Reference 
Environment, Sound Check, Circuitry Check, Optimise for 3D Printing, 
and 3D Print Check). The tools address different skill levels and therefore 
not all tools are suitable for each persona. For instance, persona 1 uses 
only the reference objects to evaluate the size of the radio while persona 3 
uses the Codify tool to have complete control over his geometry.

Product Prototypes

Three products were designed and fabricated to align with the three 
personas and storyboards. In figures 9-8 to 9-13 the three products and 
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a number of stills from the demo videos are shown. These products are 
so-called conversational products since their aim was to initiate a conver-
sation with the design practitioners on the future of product design and 
specifically the lay design future presented. The products were designed in 
Rhinoceros 3D modelling application with the plug-in Grasshopper1. The 
prototypes were fabricated using 3D printing processes, Selective Laser 
Sintering for the nylon parts and the ceramics parts were made by depos-
iting ceramic powder onto a bed and solidifying it with a liquid binder. 
The prototypes all had the necessary electronics inside and were fully 
functioning. Three videos were made in which the products are demon-
strated in the intended context. I describe each product by context, form, 
function, and manufacturing.

Product 1 Portable

The two aspects regarding context that were taken in consideration are 
portability and adaptability in use time. The latter aspect means that the 
product can be positioned in different ways to accommodate different 
uses.

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. The shell 
is a 3D Voronoi2 cell and by using Voronoi tessellation in this way every 
consumer could have the device uniquely shaped. The use of an asym-
metrical shape allows the user to position the object in different ways. 
There is no clear front, back, top, or bottom, which was not only an aes-
thetic choice but also a functional choice. The Voronoi tessellation was 
also applied in the form of a two-dimensional pattern on the speaker 
surface and inside as a rib structure to give the geometry the necessary 
strength. This is in line with one of the properties of wholeness, Levels, 
which states that a design should have different scales (“Sketch of a Form 
Finding Approach”, chapter 5).

Product 1 functions as a radio with amplifier, speaker, and an input for 
an external audio source, such as a smart phone, laptop, or MP3 player. 
The device is controlled by two buttons, a volume control and a radio 
frequency dial, and an on/off switch. When connecting an audio source 
through a standard audio jack, the device switches from radio mode to 



Investigating a Future Lay Design Scenario | 257

external audio mode.

The product was produced by Selective Laser Sintering in white nylon, 
which gave the device a sturdy and decent feel. The device was designed 
with 3D printing in mind and therefore it is impossible–without rede-
signing it–to produce it with mass manufacturing technologies such as 
injection moulding. If one looks at the rules for injection moulding, one 
sees that most of the rules have been violated (“Design Opportunities”, 
chapter 6).

Product 2 Roots

The intention with this design was to bring in the context of the user in two 
different ways. First of all, the intention was to bring in the physical envi-
ronment, in this case the book shelf, for which the device was designed. 
Second, the intention was that the persona’s context of her existing equip-
ment should be able to connect to this new device.

The form of this design related partly to the environment of the persona. 
The design consists of three modules which in turn consist of a sphere, 
which houses the electronics, and the structure which makes the spheres 
fit into her environment. The root geometry uses the Lindenmayer system3 
algorithm, which describes the growth of plants. From the spheres, 
this algorithm grows into (in case of the amplifier) or onto (in case of 
the speakers) the bookshelf, thereby making a custom fit geometry. The 
Lindenmayer system consists of a set of symbols and production rules 
that create a string and this string is expanded with every iteration of the 
production rules.

The functionality of the design was mostly based on the existing equip-
ment that the persona wanted to bring in. The device has several inputs 
and a stereo output for connecting two speakers. The device is controlled 
by one button, a channel selector which selects the input channel and 
an on/off switch located on the back side, together with the inputs and 
outputs.

The design was produced with Selective Laser Sintering for the nylon 
parts and the ceramics parts were made by depositing ceramic powder 
onto a bed and solidifying them with a liquid binder. The design again 
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violates the mass manufacturing rules depicted in “Design Opportunities” 
(chapter 6).

Product 3 Cells

This design is adaptable in use time by combining different modules to 
form a functioning whole. The user can combine different modules to 
form a device with different functionalities, for instance, the basic setup 
would be to have an amplifier with speakers, an amplifier with speakers 
and a Bluetooth module, or an amplifier with speakers and a mixing 
module that allows mixing two different external audio sources.

The form of each module is a basic geometric shape, a 3-point pyramid, 
with blunted corners. The magnetic connections are positioned in the 
centre of each surface and are concentric so the modules snap together in 
any direction.

The functionality of the device depends on the configuration made by the 
user in use time. However, the basic units are amplifier, speakers, Bluetooth 
receiver, and a 2-channel audio mixer. The amplifier and speakers do not 
have any buttons, as the volume is controlled by adding and removing 
speaker modules.

The modules were 3D printed with Selective Laser Sintering in a variety of 
colours. The form freedom of 3D printing was used here as well although 
to a lesser extent than in designs 1 and 2.

Interview Questions

The questions were structured on the basis of five schemas that I devel-
oped in my previous research studies. The first schema concerns the 
varying degree of layperson participation in a design process. The idea 
is that the layperson should be involved depending on their knowledge, 
interest, experience, and skills. This contradicts mass customisation litera-
ture which states that consumers are typically involved in a minimal way, 
requiring no previous experience or skills. The involvement of the lay-
person here is positioned on a continuum between passive layperson and 
professional designer (study 3, chapter 7). The second schema concerns 
the phrase form and function follow context (chapter 5). The third schema 
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focuses on creative activities with dimensions guidance and target 
outcome (studies 2 and 3, chapter 7), and, more specifically, the use of 
different mechanisms to create variability. The fourth topic is concerned 
with openness, namely the tension between the designer’s authority and 
the layperson’s autonomy (study 5, chapter 7). The fifth concept centres 
on the scope of the toolkit (study 1, chapter 7), which aimed to bridge the 
gap between mass customisation toolkits, on one hand, and consumer-
oriented CAD packages, on the other hand.

The pilot questions that were formulated on the basis of the schemas were:

0. Introduction questions:

Have you been using 3D printing, if yes, for what purpose?

What is your stance regarding consumer participation in the design 
process? And how have you been involving consumers in the design 
process?

Have you developed a toolkit with the purpose being that the user 
(either lay or professional) could customise, adapt, or design?

Question 1 What is the role of the user in each scenario?

Question 2 How do context, form, and function relate to each other 
in each object?

Question 3 What are the qualities of the different ways variability is 
created?

Question 4 Who is the designer of the object?

Question 5 Where is this toolkit positioned relative to existing 
toolkits?

Question 3 was revised after the pilot study in which the schema of expe-
riential creation (Dahl & Moreau, 2007) was used.

Question 3.1 Guidance: reflect upon the process and the different 
steps and identify problematic areas.

Question 3.2 Process: mechanisms/how do the users dig into the 
design and how does this affect the outcome?

Question 3.3 Aesthetics: compare the aesthetics of three objects. Use 
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the vocabulary provided if needed.

The aesthetics of the three products from the Wave Twister toolkit were 
compared to two existing commercial products. The aesthetics were 
described by using the vocabulary of Johnson, Lenau, and Ashby (2003) in 
terms of sensory qualities, symbolic perception, and stylistic perception.

Part 2 Interviewing Design Practitioners about the Lay 
Design Scenario
The second phase of this study focused on the interviews that I conducted 
with design practitioners (figure 9-5). I present the setup of the interviews 
followed by the results.

Setup of Interviews

The interviews with the pilot subjects took place face-to-face at the design 
school while the interviews with the design practitioners took place over 
Skype. In both cases, the audio was recorded for later analysis. In total, 10 
interviews were conducted and each interview was aimed at approximately 
1.5 hours in length. After conducting ten interviews, saturation occurred. 
The pilot interviews were conducted over one week and the interviews 
with the design practitioners were conducted over a period of 2 weeks. 
The participants were given a document at the start of the interview with 
a list of the topics of the questions and an empty schema for each question. 
A link to the toolkit website was provided that consisted of a start page 
with links to each scenario and the product demo videos (figure 9-5). An 
online collaborative drawing tool4 was used to visualise the schemas and 
the participants’ answers. This tool allowed both the interviewer and the 
interviewee to draw at the same and see each other’s drawings.

Sample

The pilot interviews were conducted with three students from the master 
level in Advanced Product Design at Umeå Institute of Design. The actual 
interviews were conducted with design practitioners who were all junior 
to mid-career design practitioners in product and interaction design 
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working at various design consultancies, in-house design departments, or 
as freelance designers. Companies included Atlas Copco (Sweden), IDEO 
(USA), Apple (USA), and Waacs (The Netherlands), along with one free-
lance designer. The design practitioners selected for the interviews were 
active in product and interaction design and the choice for this combi-
nation of professional design competence was appropriate since toolkit 
design consists of product as well as interaction design aspects. The 
participants worked at different types of companies, that is design con-
sultancies that work for brands and manufacturing companies, in-house 
design departments that operate in large corporate businesses, and free-
lance designers who work on an assignment basis for various companies. 
The idea behind having this wide range of companies was to get feedback 
from designers in all aspects of design industry. I chose to interview 
junior to mid-career professionals for the following two reasons: first, I 
wanted to have experienced designers that were still open to new ways of 
designing, professionals who knew the industry side of design but were 
not completely stuck in habits and the rules of the industry. Second, these 
designers were in my network, most of them alumni of Umeå Institute of 
Design, and therefore approachable in terms of spending a considerable 
amount of time on this interview. The idea was to get a representative 
group of practicing designers, a group that could represent the majority 
of currently employed designers rather than designers at the forefront of 
3D printing or toolkit design. This was important since my aim was to 
get insights into how the roles of the professional designer and layperson 
might change when adopting lay design, which demands a deep and also 
practical understanding of the role of both parties. The interviews were 
conducted in English, except interviews 1 and 5 which were conducted 
in Dutch. Quotes from the Dutch interviews have been translated into 
English.

Setting

The pilot interviews went down smoothly even though question 3 
about the process was not well understood and therefore needed to be 
adjusted and expanded. Furthermore, a question about aesthetics was 
added. The interviews took between 1.5 and 3 hours. In these sessions, 
the participants went through each scenario on their own, starting with a 
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storyboard which introduced the persona as well as the context, followed 
by the process that the persona followed in the toolkit, and ending with a 
product demonstration video (figure 9-2). After reviewing each scenario, 
the interviewees answered several questions where a virtual drawing 
board was used to support the questions with schemas. The interviewees 
had to be immersed in the rich material and therefore the interviews often 
took longer than the intended 1.5 hour, however, this was not a problem 
for any of the participants. The ten designers participated voluntarily and 
their answers do not necessarily reflect the vision or ideas of the company 
where they were employed at the time of the interview. Therefore, I have 
not linked the participant answers with the company names.

Data Gathering and Analysis

Audio recordings were made of the interviews for the purpose of analysis 
afterwards. This analysis consisted of making annotations with time 
stamps to highlight the interesting parts which were written down for 
later reference. An audio editor was used to load the entire audio file 
which gave a clear graphical overview of the conversation and allowed 
me to skip the silent parts. The analysis was conducted with the annota-
tions and the drawn schemas by finding insights from individuals and 
then cross-referencing these with the other participants in order to find 
common themes and issues.

Findings
The findings of the interviews with the design practitioners are presented 
in three categories, namely core, methodological, and practical findings. 
The first category focuses on the content of the study and concerns: 
characteristics of being a lay designer (finding 1), a vocabulary for dis-
cussing the role of the professional designer and the layperson (finding 
2), thresholds in lay design (finding 3), from customisation to signature 
(finding 4), the technical and artistic role of the layperson (finding 5), 
the aesthetics of lay design (finding 6), and the mapping of toolkits on 
the dimensions competence and scope and the expansion of this schema 
with a third dimension output (finding 7). The methodological finding 
concerns the shift from expert view to being self-reflective (finding 8) and 
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finally the practical findings concern user interface improvements for the 
Wave Twister toolkit (finding 9). I mainly focus on discussing the core 
findings and the one concerning methodology.

Experience Design Practitioners

The interview started with three introduction questions regarding the 
experience of each participant with the subject of this study. These ques-
tions focused on the use of 3D printing technology, the participant’s 
stance on consumer involvement in the design process, and their experi-
ence with developing toolkits.

The participants were all familiar with 3D printing technology and, to 
a varying extent, had experience in using 3D printing. The participants 
mainly used it for prototyping in some stage of the design process. From 
this small selection of design practitioners, it seems that consumer 
involvement is mainly achieved in a passive way with people being asked 
about their experiences, habits, or desires, and confronted with proposals. 
Almost none of the participants had any experience with developing tools 
or toolkits of any kind. It seems from this selection of designers, that most 
current work aims at finished proposals where the designers drive the 
process and the layperson has a receiving role.

To summarise the experience of the interviewees, even though 3D printing 
is much in the news and it might seem that everybody is using it, the 
reality in design practice is different. 3D Printing is used in the product 
development process, however, mainly for prototyping rather than pro-
ducing end-use products. The knowledge of people working in design or 
product development also differs quite a lot. There are still people that 
see 3D printing only as a prototyping technology and who are not easily 
convinced of the advancements of this technology over recent years. This 
might be due to the contradicting or incorrect coverage of 3D printing 
in popular media, where desktop 3D printers and professional additive 
manufacturing machines are sometimes mistaken as the same thing.

Finding 1 Characteristics of Lay Design

The first finding concerns the role of the layperson acting as designer to 
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some degree, in each of the three scenarios. The interviewees articulated 
seven characteristics that became apparent to them when they followed 
the personas through the scenarios and which they saw as important to 
lay design. I present each characteristic that the interviewees identified 
and relate them where possible to the literature that I discussed in chapter 
3.

Finding 1.1 Iteration

The amount of iteration within the design process increased throughout 
the three scenarios and the participants saw this a key behaviour of a 
designer–to try things out and go back and forth, and in this way define 
and improve an idea. Furthermore, the amount of exploration and experi-
mentation increased throughout the scenarios, which was also partly due 
to more iteration. Iteration is a key aspect in the design process; Designers 
sketch and prototype in a cyclic way to gradually define and refine an idea. 
The user owns the design because, as one interviewee states, he iterates: 
“…He takes it out of the service, edits it, alters it, makes a printout [of it], 
test[s] it” (P1). The interviewee sees the layperson more as a designer in 
scenario 2 because of three aspects: “…more experimenting, more trying 
out, more going back and forth” (P4).

Finding 1.2 Intentionality

The intention shifts throughout the three scenarios from the toolkit (and 
thus the professional designer) to the lay designer. As one participant said: 
“the intention of the toolkit turns into something that the user can build 
upon” (P1, scenario 3). In the earlier scenarios the intentionality is mostly 
seen as embedded in the toolkit, which is the work of the professional 
designer, and intentionality is not so much present on the part of the lay-
person. The layperson becomes more intentional since he/she increases 
knowledge and competence as he/she moves to a more open scenario. 
Design is an intentional practice, therefore to say that the layperson 
does not act with intentionality sounds contradictory. However, what is 
meant here is that the intentionality is shared between the layperson, the 
designer, and perhaps even the toolkit. Therefore, the design can still be 
intentionally made, but not only according to the layperson’s intention. 
One interviewee talked about increased awareness and intention on the 
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layperson’s part, and said: “She has a little bit more of an idea of what she 
is planning to do” (P6, scenario 2).

Finding 1.3 Unexpected

This 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 request in a way that the client could not 
have foreseen. According to a participant, this “10 percent of magic” (P2, 
scenario 1, 2) was facilitated by the toolkit which, especially in the sce-
narios where the participant was less experienced and knowledgeable, 
plays an important role. In the second scenario, a participant rated the 
amount of magic as 5%, less than in scenario 1. This can be explained if 
the consumer is seen as the client and we assume that the consumer makes 
a transition from being a client to a designer, which decreases the amount 
of unexpectedness as the layperson becomes more in control. Nelson and 
Stolterman describe what the participant called magic as “expected unex-
pected” (Nelson & Stolterman, 2012, p.42).

Finding 1.4 Personal Design and Sharing

There is a difference between “a creator and designer” (P7, scenario 1) 
and in the first two scenarios the personas designed something for them-
selves whereas in the third scenario the persona shared a part of his design 
with the community. In the third scenario the lay designer was no longer 
designing for his own benefit, but for a community, which makes him 
more of a designer. A participant stressed this by saying: “…When you 
are designing for yourself all the time, I think you are able to consume 
what you like, but you are not necessarily able to design things that other 
people will like” (P7, scenario 2). Sharing (P7, scenario 3) is different 
from being in service (Nelson & Stolterman, 2012, p.41) since sharing is 
more open-ended or non-committal whereas being in service is more 
commitment-oriented, especially in terms of the relationship between the 
designer and client. When sharing something with the community, the 
community might benefit from it, but it may just as well not benefit or 
even experience negative effects from it. The question is whether a lay-
person really is designing for the community or simply sharing his/her 
design to get exposure and attention for his/her own benefit. The fact that 
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the first two personas designed for themselves is in line with the idea of 
prosumption, where people both produce and consume, as discussed in 
the section “Prosumption and Value Creation” (chapter 3). To conclude, 
the lay designer engages in sharing, either for his/her own benefit or for 
the benefit of the community whereas the professional designer is in 
service and commits to a client. This is a crucial difference between the 
lay designer and the professional designer.

Finding 1.5 Collaboration and Evaluation of Designs

In lay design, people design things for themselves primarily and evaluate 
designs individually. The layperson reflects upon their design within the 
toolkit environment but not necessarily with the feedback of others, as 
was the case in the Wave Twister toolkit study. This was noted by one of 
the participants and might be a crucial difference between professional 
designers in a team working on a project and the layperson individu-
ally designing something with a toolkit. Being a designer means “to 
evaluat[ing] concepts with the people that are actually going to be using 
them” (P7).

The layperson designs in tandem with the professional designer, which 
is similar to a professional designer who also works in a team of profes-
sionals (P5, scenario 3). The professional designer should be seen as a 
partner rather than as someone who dictates the ‘right’ way. However, 
the kind of collaboration and dynamics between the layperson and the 
designer of the toolkit is quite different from the traditional design team 
who work together with other disciplines. One interviewee talked about 
collaboration and wanted to attribute part of the design to “the math-
ematician who found the algorithm” (P8), or, for instance, the material 
supplier or industrial manufacturer.

Finding 1.6 Dealing with Constraints

A participant stated that the idea of a layperson, who has complete 
freedom in a toolkit, is not possible and realistic (P9, scenario 1). There is 
always a third party, a constraint or limit, “something beyond the control 
of the user” (P8, scenario 2). Another participant said that the lack of 
freedom is also caused by the use of algorithmic/computational systems 
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(P9, scenario 2). It seems that these kinds of systems (i.e. the Wave Twister 
toolkit) propagate the idea of complete freedom, at least it seems that the 
participants assumed this; However, 100% openness is actually an illusion, 
unfeasible, and, most importantly, undesirable, as one participant said 
that complete freedom does not necessarily lead to satisfactory outcomes 
and suggested that users might have to be protected from it (P4).

Finding 2 Articulating New Roles: A Vocabulary

The interviewees described the role of the layperson in each scenario and I 
have consolidated these descriptions into a vocabulary, a list of key words 
and phrases that describe these roles (table 9-2). Additionally, the role of 
the professional designer and the role of the toolkit are presented.

Lay Designer

The role of the lay designer is divided into three roles: compositional, 
guided designerly, and in control. These three different roles are not a 
definitive division of the lay design continuum, but merely a possible 
way of clarifying this spectrum and providing a way of discussing it. The 
role of the lay designer in scenario 1 can be labelled as compositional, 
since it was described by the interviewees as using things that are at hand 
and altering and modifying these things. An analogy can be made with 
a musician who samples and composes music that consists of pieces of 
existing music; The newly formed composition has identifiable pieces 
while at the same time is something new. The role of the lay designer in 
scenario 2 can be labelled as guided designerly as it has been described by 
the interviewees as more advanced than that in scenario 1, but not at the 
level of that in scenario 3. The role of the lay designer in scenario 3 can be 
labelled as being in control and it has been described by the interviewees 
as going beyond what the toolkit provides and taking responsibility for the 
design and the decisions one makes.

Professional Designer

The role of the professional designer who develops the design space and 
the toolkit is roughly divided into two roles. The interviewees saw the 
role of the designer in scenarios 1 and 2 as quiet similar even though 
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they had difficulty articulating the distribution between designer and lay 
designer in scenario 2. In scenarios 1 and 2, the designer provided the 
theme and set out the boundaries of the design space and the influence 
of the designer on the design is visible, while in scenario 3, the designer 
provided a framework that could be used and appropriated by the lay-
person and the design space was not limited to what the toolkit provided 
but was allowed to expand beyond it.

Toolkit

The toolkit was in the first two scenarios, seen as a resource and a source 
of inspiration, while in the third scenario, besides being seen as an inspi-
ration, it was also seen as providing access to production.

Finding 3 Thresholds in Lay Design

By opening up design and enabling people to design their own products, 
one of the interesting questions that arises is whether people are able to 
leverage the opportunities that arise. Therefore, I introduce the notion of 
threshold, “the point or level at which something changes”5, to indicate 
when it becomes too much for a layperson in one way or another.

From the interviews I identified three types of thresholds: cognition (what 
one is able to do), intention (what one wants to do), and knowledge (what 
one knows or has learned how to do). The cognitive threshold indicates 
when people are overloaded with information and simply cannot digest 
the amount of information, which might lead to paralysis. A participant 
commented on the user interface by proposing that it should consist of 
layers and hidden menus that are not available to beginners in order to 
not overload them; However, once a user becomes more advanced he/she 
can open up these layers in order to get to the more advanced features. 
Interface layering is a common technique used in software applications 
in order to avoid information overload. The intention threshold relates 
to the interest of the user and the possibilities of the toolkit, or in other 
words, the amount of openness. If someone has the intention of working 
on the electronics of a product, but there is simply not the possibility in 
the toolkit to do so, the user might become disappointed. The knowledge 
threshold indicates the level of knowledge a user possesses. When a user 



Role Vocabulary
Lay designer
- Compositional scanning, searching for possibilities, partial exploration, accepting, 

choosing, defi ning composition, confi gurator, feels like in charge, 
feels like in control, illusion, fi gure out and answer, spare time,
modifying, customising, manipulating (existing things), hacking, 
contributing, handpicking from a library
Not: not forming the choices, not able to discover (everything), not 
challenging, not trying to push the limits, not struggling, not being 
refl ective or critical about the use of the toolkit

- Guided Designerly iterating, choosing, less structured, intentional, (more) explorative, 
(more) complexity, aware, planning, technically elaborate,
decision making and selecting
Not: not evaluating with others, not artistic, not so much facing 
problems

- In Control guidance through choices, ability to built upon choices, ownership, 
being in control rather than being controlled, creating on things 
that are given/built on foundations, moving within the frame-
work but powerful, advanced hobbyist, self-learned designer, full 
responsibi-lity, stepping out of the toolkit (to accomplish a goal)

Professional designer
In scenario 1 and 2 defi ning the theme, in control, giving choices, creating the boun-

daries, decide on the parameters, designing the elements (that are 
used by the layperson to form combinations), ground work and 
preparing, setting the tone/setting the rules to built something on, 
handling the friction points

In scenario 3 inspirational, indirect infl uence on interfacing level with other
softwares and tools, stepping back and let the user play, putting 
forward an idea and the layperson works with it

Toolkit
In scenario 1 and 2 inspirational, a tool and a guide, the toolkit helps the layperson to 

design the whole thing, helps within the design process with some 
limitations and suggestions, it helps the layperson to come up with 
something

In scenario 3 inspirational, a means for production, providing access to the
components, a tool, verifying the design

Table 9-2: Vocabulary for describing the roles of lay designer, professional designer and 
toolkit as put forward by the interviewees (finding 2)
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lacks knowledge of electronics, the user might have the intention to work 
on it, but because of the lack of knowledge it is not possible or will not 
lead to a satisfactory outcome. The knowledge threshold relates to the 
knowledge a user possesses as well as the knowledge that a user is able to 
acquire when using a toolkit. In the mapping of toolkits (study 1, chapter 
7) a learning curve can be proposed which would indicate that a user can 
increase his/her knowledge while using the toolkit and thus level up, if 
necessary.

Ideally, these three thresholds should level so that the intention, knowl-
edge, and cognitive load are the right amount for a user. If this is not the 
case, then the user might experience the design process within the toolkit 
with frustration (intention > knowledge: therefore he/she cannot end up 
with what he/she wants to) or see it as too difficult and overwhelming (too 
low cognitive).

The notion of threshold and the three categories of thresholds can be used 
when designing toolkits to think about the information structure, the 
guidance that should be provided in a toolkit in order to enable the user 
to learn, the amount of openness or possibilities of a toolkit, and how to 
manage the expectations of future users.

Finding 4 From Customisation to Signature

The interviewees identified a difference in the outcomes of the three 
personas. The first persona was merely customising a product while the 
second persona’s outcome contained the persona’s signature. According to 
an interviewee, “if two persons with similar knowledge sit together and 
use the same toolkit you can tell which one is Anna [the second persona], 
I think” (P6). A signature indicates that the persona personified the object, 
rather than customised it, as discussed in “Opening Up Design” (chapter 
3). Personification makes the object inseparable from its creator, whereas 
individuation and customisation merely distinguish a particular object 
from the larger group.

There is apparently a transition phase from merely customising a design to 
personifying it. According to an interviewee (P6), the signature is estab-
lished by two aspects: the possibilities and the options in the toolkit, and a 
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user having enough control over the possibilities so that he/she can utilise 
these possibilities. Besides the fact that the toolkit allows one to add a 
signature, the interviewee observed that the persona’s signature is present 
in designs 2 and 3, which suggests that in order to personify something, 
one needs a certain level of competence or control which means that the 
complete novice, e.g. the first persona, is incapable of personification.

Finding 5 Technical versus Artistic Role of the Layperson

This finding concerns the role of the layperson in more detail. An inter-
viewee classified the role of the persona in scenario 2 as “technical rather 
than artistic” since “there is no sketching going on, obviously” (P9). This 
comment was in relation to the design of the sphere, which was designed 
using the Parameterise function and an algorithm that grew a shape into a 
container. According to the participant, the design of the sphere was more 
designer-like than the design of the root structure. The interviewee used 
the terms technical and artistic and I interpret him to mean that technical 
signifies structured, machine-like, and selecting options while artistic sig-
nifies here sketching, free-flowing, and hands-on work. The reason the 
interviewee made this distinction and favoured the parametric over the 
computational might be due to the fact that algorithmic form generation 
is not so common for product designers to be engaged in. Therefore, the 
participant might have felt more alienated with this kind of form giving.

Finding 6 Aesthetics of Lay Design

The interviewees reflected on the aesthetics of the presented objects and 
compared them to a mass-produced object and a typical DIY object. This 
finding concerns the implication that the presented aesthetics might move 
lay design forward to broader acceptance, something that DIY has failed 
to do so far, according to the participants. The interviewees suggested that 
the aesthetics might move lay design out of the niche DIY market, mainly 
because of the higher fidelity of the outcomes of the Wave Twister toolkit.

Design 1 Portable

The use of 3D printing has a big influence on the output, allowing lay 
design to disconnect from the typical DIY look since it allows for a higher 
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fidelity in terms of form resulting in more industrial or professional-like 
products that have a more finished look. One interviewee comments that 
the persona’s design “does not come out of a template as we know it, [but 
is] more clever than FabFM” (P8) and “I have the feeling that the one 
on the left [Tivoli] came out of a designer guy, and the one on the right 
[FabFM] is more like a crowd sourced project, but the product that came 
out of the persona is closer to the Tivoli” (P8). In terms of material usage, 
this prototype did not push the boundaries and could not compete with 
the material usage of the Tivoli. Besides the opportunities offered by 3D 
printing that allow laypersons to design their own products, 3D printing 
might also take lay design out of the DIY niche because of the higher 
quality in terms of appearance. One participant said “the material choice 
really sort of changes things… it is hard to compare the aesthetic quali-
ties” (P7).

Design 2 Roots

Design 2 is stylistically similar to the first design form-wise, although 
with this design the designers agree less with each other compared to 
their evaluation of the first design. Similar to the first design, this design 
is classified in the “2010 3D printing style” (P7) which is characterised as 
“forms [that] are fairly simple but [have] this element of complexity” (P7) 
and also by an organic quality: “similar [to] design 1, [it is] very playful, 
more organic, like a plant, like a living being growing in your shelf ” (P4). 
The combination of a basic geometric shape with the root structure alien-
ates them. Material usage is less developed compared to the commercial 
designs and therefore makes it more difficult to compare it on the same 
level. Regarding the fidelity of the persona’s design, one participant said: 
“It looks much more organic and custom-made. The FabFM radio is so 
crafted. I just cannot relate [them], even though it has these branches that 
grow out, it still looks industrial. It is still closer to the Tivoli radio in 
terms of finish and the forms used” (P8). Compared to the FabFM radio, 
it is also crafted, but in a different way. One participant describes it as 
“crafting with the right technology, but not crafting [by] reusing material 
like [with] the FabFM” (P10).
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Design 3 Cells

This design is not aesthetically in line with the previous two designs, 
rather it “breaks the pattern of the two previous ones that fit into the 3D 
printing-era” (P7). It is considered a playful and friendly product that is, 
again, closer to the Tivoli than the FabFM. It pushed the boundaries more 
in terms of functionality than form. One participant said “I cannot call it 
modern, or retro, or traditional” because “it is very experimental. It does 
not have buttons or knobs so in that sense it does not relate at all to the 
other two designs [Tivoli and FabFM]” (P5) and “I cannot relate it [the 
persona’s design] with the FabFM radio at all. It supports the idea behind 
the FabFM radio I guess, but form-wise [and] aesthetically, it looks indus-
trial. Maybe that is also something that attracts people; They reached 
that kind of definition on their own, without ending up with something 
that feels like they made it in their workshop” (P8). Another participant 
commented: it is “more temporary than permanent and Tivoli looks very 
permanent and FabFM looks kind of temporary [in terms of] the mate-
rials–I am just going to use this radio for the weekend and then throw it 
away, in my compost or something” (P9).

Finally, participant 8 said: “Even if I see the 3D printing and making [as] 
very crafty, the output almost always looks very industrial. It does not 
contradict, but it is another dimension of craftsmanship. Suddenly you 
end up with defined objects without any crafting skill, and maybe people 
do not want that crafty look anyway. Maybe as human beings we are more 
drawn to refined surfaces, I do not know” (P8).

Finding 7 Mapping of Toolkits

The last question of each interview was a mapping task where the par-
ticipants were asked to map the Wave Twister toolkit and existing toolkit 
categories on the diagram of competence of the user and scope of the 
toolkit; These schemas were developed in study 1 (chapter 7). The results 
of this mapping exercise can be found in figure 9-14 and the conclusion is 
that, in general, the participants agreed on the positioning of all six cate-
gories, even though the three Wave Twister numbers are less uniform than 
the first three categories. CAD software and mass customisation toolkits 
are especially without a doubt seen as two extremes in this mapping. 
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However, the trend of increasing scope and competence in terms of the 
Wave Twister scenarios (numbers 4, 5, and 6) is visible in this diagram.

Participants noted the limitations of this schema since the issue of ‘output’ 
came up in the discussions where participants noted that the comparison 
of mass customisation toolkits, CAD software, and the Wave Twister 
toolkit does not work regarding the output of each toolkit. A mass cus-
tomisation toolkit outputs a whole product, while CAD software only 
allows one to design the housing of a product and not, for instance, the 
electronics. Therefore, a consumer electronics product, which was the 
focus of this study, is not possible to make using a single advanced tool 
such as Rhinoceros 3D modelling software. The Wave Twister toolkit, 
however, covers the continuum, from a whole product to only one part of 
it, either the housing or electronics.

The dimension scope of the toolkit (figure 9-14) refers to the depth of 
the toolkit, but additionally one could use another dimension which can 
be labelled toolkit output to refer to the output a toolkit can deliver, and 
this dimension ranges from focusing on one product part to the whole 
product.

Finding 8 Methodology: From Expert to Self-Reflective

This finding concerns the methodology of this study. In the beginning 
of the interview, the design practitioners were confident and seemed to 
know the area of lay design. They exercised an expert view of the matter 
discussed. This expert view was based on their experience and education 
as designers. However, it was mostly not based on extensive knowledge 
and experience with 3D printing technology or experience of toolkit 
design. One participant had quite some experience with 3D printing, both 
industrially as well as with desktop 3D printers, using it in his spare time 
to fix things around the house. However, most participants only used it as 
a prototype technology to make models during the design process. The 
interviewees experience regarding toolkit design was almost non-existent 
except for one participant who had some. As far as consumer involvement, 
the participants mostly had experience with the traditional methods used 
in design, such as observations and focus groups. As the interviews devel-
oped, they started to rethink and question their beliefs and the things they 
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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 
modelling software.

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 is much more blurry and 
difficult to articulate than might be thought. The proposed roles seemed 
to be clearly defined but are actually not that straightforward; In particular 
the roles of the second and third personas conflicted with the beliefs and 
ideas of the design practitioners. An interviewee said: “with the first one, 
I was really sure. I knew the distribution” (P4) between layperson and 
professional designer.

This study with the toolkit, personas, and scenarios proved to be a proper 
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 
is obvious to them. One participant was very aware of this and stated that 
this toolkit is a “great tool for reflection” (P8?) while other interviewees 
said: “I’m just thinking about how we are seeing it as designers when we 
are using a program like, let’s say 3D modelling program. You wouldn’t say 
or think that the guys that built the program [are] the designer[s] and you 
are just the user. I never saw it like that, but that makes me think about that 
now. Ok, I’m [having] an identity crisis” (P4). Another participant com-
mented: “I’m trying to come up with reasons to [remain] a designer when 
this comes out” and he continued later on with “No, I’m not really afraid, 
because I would compare this a bit to the music industry, with Spotify for 
example. (…) But as I see it, I mean, you have to change and you have to 
adapt. So, what they have to do is to come up with a new way of earning 
money” (P3). The questions made some of the interviewees protective of 
the design profession, while other started to doubt, but almost all of them 
were intrigued.

The reason for the expert to become self-reflective during the interview 
session 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 which made it easy for 
the interviewees to become involved in this world. I strongly believe that if 
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I had asked the design practitioners these questions without the material 
that I would not have gotten the same responses since they would have 
probably been stuck on their current view of things. The material encour-
aged them to challenge their current beliefs.

Finding 9 User Interface Improvements

The last finding concerns the practical comments aimed at the user inter-
face of the Wave Twister toolkit. Although it was not the main goal of this 
study to receive detailed feedback on this particular user interface, the 
interviewees commented on it in any case, mostly as side notes or within 
a question. The main points for improving the user interface of the Wave 
Twister toolkit as put forward by the interviewees are:

 › Visualise the Brain section (electronics) better/more clearly (P3)

 › Layering of menu options and features: was present, but make it 
more clear and distinct (P1, P3)

 › Introduction page where the toolkit is explained for novice users 
(P4)

 › Circuitry check: how do you make sure it really works? (P5)

 › Context for menu items: for instance Tools > Reference objects. It 
was not clear what it was before the participant used it. There was 
no indication, only text, no visual information beforehand; solution: 
illustration or little hover (mouse-over) (P7)

 › Sound check: must be done differently if you want quality evaluation 
(P7), for instance by giving a metric value, (P10) but connection-
check should be automatic and in real-time (P8)

 › Ghosting: for instance for the scale function (modelling); ghosting 
lets you see where the model was and where it is now (P7)

 › Reference object throughout all the steps, not only in one specific 
step of the process (P8)

 › Add a standard environment in which to render the product, 
realistic render to make material expression visible and give a sense of 
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dimensions (P8)

 › Stability check: for instance to check the stability of the legs of 
design 2 (P10)

 › Appropriate language: depending on layer in which a user is, make 
the wording less technical in the beginning (P10)

 › Adaptive tutorials: provide the right level of guidance to the user of 
the toolkit, depending on previous experience and use of the toolkit, 
the toolkit adapts the default tutorial to suit the individual’s needs

 › 3D print check automatically rather than user initiated

The general usefulness of these improvements should be considered care-
fully, since some of these are specific to the domain of audio electronics 
and the production technology used in this toolkit.

Summary of Findings

The two main findings are the characteristics of lay design (finding 1) 
and the vocabulary for describing the role of the actors, the layperson, 
the professional designer, and the toolkit (finding 2). I identified seven 
characteristics of lay design, namely iteration, intentionality, unexpected, 
sharing, collaboration, evaluation of designs, and dealing with con-
straints. The vocabulary for describing the new role of the lay designer is 
divided into three roles, aligned with the three scenarios: compositional, 
guided designerly, and being in control. Furthermore, I also identified 
vocabulary for descrying the professional designer as well as the toolkit 
itself. The third finding is concerned with openness and if and how the 
layperson handles the newly acquired freedom. I introduce the notion of 
threshold and identify three different forms, namely a cognitive threshold, 
an intention threshold, and a knowledge threshold. The fourth finding 
is concerned with the identity of the product in relation to the creator 
and the notion of personification is used to analyse this further. Finding 
5 is concerned with the nature of the role of the layperson and this could 
be a mix of technical and artistic tasks. The sixth finding concerns the 
aesthetics of lay design and the role it might play in the acceptance of lay 
design. The last core finding is concerned with the mapping of toolkits 
along the dimensions competence of the user and scope of the toolkit, 
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which can be expanded with a third dimension of output of a toolkit. 
Finding 8 concerns a methodological finding about the interviewees that 
changed them from having an expert view on the subject at hand to being 
self-reflective. Finally, I presented several user interface improvements for 
the Wave Twister toolkit.

Conclusion
This study presented and discussed an investigation of a lay design future 
which focused on a toolkit for audio equipment. In this study, I inter-
viewed ten design practitioners with various backgrounds and experiences 
and they reflected on this future that consisted of personas, scenarios, a 
toolkit, and product prototypes. The toolkit that was developed for this 
study was based on my previous studies in which I developed a set of 
concepts. The design practitioners evaluated these concepts and reflected 
on a possible future in which the layperson becomes part of the design 
process depending on their own skill level, interest, experience, and 
knowledge.

This study provided an increased understanding of the relation between 
designer and layperson regarding toolkits and the different roles the 
designer and layperson could have in this situation. Rather than proposing 
one way of doing and one role for each actor involved, this study explored 
different roles and elicited their qualities. By doing this, an understanding 
has been articulated of the dynamic relation between professional designer 
and layperson. These insights lead to the guidelines that are presented in 
the next chapter.

The toolkit and the three accompanying scenarios were presented as 
a scripted walk-through that allowed the interviewees to experience a 
certain level of detail, but not actually use it in the way they wanted to. That 
was not the goal of this study, but it might elicit other insights. Another 
limitation of this study is the number of interviewees. The group of ten 
design practitioners that were interviewed was large enough to provide 
rich material and many insights on different levels. Having more inter-
viewees or interviewees with different backgrounds, however, might elicit 
new insights, but the breadth for the purposes of this study was sufficient.
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Notes:
1: Grasshopper, www.grasshopper3d.com; Rhinoceros 3D, www.rhino3d.com; Robert McNeel & 
Associates, last visited: 20 July 2015
2: Voronoi, Voronoi diagram, http://mathworld.wolfram.com/VoronoiDiagram.html, last visited: 12 
June 2015
3: Lindenmayer system, http://mathworld.wolfram.com/LindenmayerSystem.html, last visited: 12 
June 2015
4: FlockDraw, Free Online Drawing Tool - Collaborative Group Whiteboard, www.flockdraw.com, 
last visited: 20 July 2015
5: Merriam-Webster dictionary, search term: threshold, www.merriam-webster.com, last visited: 
September 2014



The fourth and final part (chapters 10 and 11) is concerned with bringing 
together the research carried out and presented in this dissertation.

Chapter 10 deals with making the contributions of this research explicit 
and relating them to the objective and research questions set out in the 
first chapter. The main contribution is a framework of lay design, which is 
presented in the form of principles of lay design and guidelines for devel-
oping toolkits. This chapter contains a philosophical analysis that uses the 
theory of technological mediation to analyse lay design, and the roles of 
professional designer and layperson, as well as toolkits.

Chapter 11 is concerned with reflections, implications, and the future 
research directions. The reflections concern opening up design, the meth-
odology, and the theory of technological mediation. The implications of 
this research are discussed and cover society at large as well as design 
education.

IV

Reformation





10.1 Introduction
In this chapter, I present the contributions of my research in the form of a 
framework of lay design (figure 10-1), which is divided into two parts: the 
first part consists of principles of lay design that I have identified through 
my work and the second part is presented in the form of guidelines. I 
choose to present the contributions in these two formats since the first 
set of contributions–the principles–are on a more abstract level; They are 
theoretical contributions and concepts, whereas the second set of contri-
butions–the guidelines–are on an operational level and action-oriented 
and can be used by design practitioners when developing toolkits for the 
layperson. Before presenting the contributions I return to the objective 
and research questions that I formulated and I point out in which section 
of this chapter I answer these questions. The research questions were for-
mulated as following (“Research Questions”, chapter 1):

Question 1: How will the role of the professional designer and the 
layperson change when the latter engages in the design of personal 
products?
Question 2: How can designers develop digital-physical toolkits for 
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Principles and 

Guidelines of Lay 

Design
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the layperson to collaboratively create value and meaning?

The five subquestions were:

2A: How can the layperson engage in the design process to design 
highly individual products?

2B: What aspects of designing as an activity can the layperson work 
with?

2C: What aspects of toolkits are important when designers design 
toolkits?

2D: How can lay design go beyond merely (mass) customisation?

2E: Do the products of lay design–as in the outcomes of toolkits–have 
their own aesthetics?

Question 1 is addressed in the section “Role of the Professional Designer” 
and “Role of the Lay Designer” in the first part of this chapter. Question 2 
is addressed in the first part of this chapter, the “Principles of Lay Design”, 
as well as in a more operational way in the “Guidelines for Developing 
Toolkits”. The subquestions are addressed in the sections “Role of the 
Lay Designer” (2A and 2B), “Toolkits as Engaging Devices” and “Toolkit 
Design Guidelines” (2C), “Principles of Lay Design” (2D), and “Variable 
Product Design Guidelines” (2E).

10.2 Principles of Lay Design
The five principles that I have identified are: design for engagement, 
the dynamic relation between layperson and professional designer, 
openness with regard to the scope of toolkits, openness with regard to 
the competence of the layperson, and the interweaving of production and 
consumption. These principles are preceded by a discussion of toolkits 
as engaging devices, human-toolkit relations using the theory of tech-
nological mediation as discussed in chapter 4, and the different relations 
between professional designer and lay designer in lay design.



Part I Principles of Lay Design

Engagement

Dynamic relation

Openness: scopeOpenness: competence

Interweaving
production and

consumption

Part II Guidelines for Lay Design

Toolkit Design Guidelines

1. Domain-Specific Scope
2. Address Multiple Skill Levels
3. Deliver the Unexpected
4. Five Mechanisms to Create Variability
5. Enable Iteration
6. Adaptability in Design and/or Use Time
7. Expandable: Go Beyond the Toolkit
8. Tailor to a Specific Fabrication Technique
9. Allow Non-Linear Navigation
10. Appropriate Visualisation

1. Form: Rules over Definitions
2. Complex Geometry Inspired by   
    Nature and Mathematics
3. Holistic Form
4. Variable to Layperson’s Context

Variable Product Design Guidelines

Professional 
designer

Toolkit

Lay designer

Figure 10-1: Schema XIV Visualisation of the proposed framework with principles and 
guidelines
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Toolkits as Engaging Devices
The industrial society is mainly concerned with designing for consump-
tion, while in lay design designers are, complementary to that, concerned 
with designing for engagement. The research in this dissertation focuses 
on investigating toolkits for lay designers that enable them to be active 
participants in the design of everyday products. I take the notions of 
things, devices, and engaging devices from Borgmann (1984) and Verbeek 
(2011), as discussed in chapter 4, and I argue that toolkits can either be 
seen as things, devices, or engaging devices and that the latter should be 
aimed for in lay design.

Toolkits as Things

Toolkits can be seen as things, since a toolkit is a set of tools (chapter 2) 
and a tool is a physically commanding object that takes effort and skill to 
master. An example is a musical instrument; It is commanding since it 
takes effort and time to master playing it. A toolkit, like an ensemble of 
musical instruments, can therefore also be seen as commanding. A thing 
engages people and constitutes a focal practice; This is true if one thinks 
of a piano or any other physical instrument.

Toolkit as Devices

Toolkits can also be seen as devices since they deliver a commodity, 
thereby promoting consumption. An example of this kind of toolkit is 
the mass customisation toolkit. Mass customisation toolkits are typically 
software and thus they are technological. The purpose of these toolkits 
is consumption rather than the engagement of people or establishment 
of a focal practice. They aim for customisation rather than personifica-
tion, as discussed in chapter 3, by making a customised design available 
in an instant, fast, and easy way. The configurator NikeID is an example 
in which the user is able to customise the appearance of sports shoes and, 
though this toolkit could engage people for a short while, its main use is 
to consume the outcome, not to learn or master any skills; As Verbeek 
has put it, it does not need to be “conquered” (Verbeek, 2011, p.48). To 
illustrate toolkits as devices with a musical example, digital synthesisers 
provide presets of sounds that one can recall instantly without having to 
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understand how synthesis works or put in the effort to create that par-
ticular sound.

Toolkits as Engaging Devices

Finally, toolkits can be seen as engaging devices (Verbeek, 2005, p.188) 
since they can engage people and promote a focal practice. In contrast 
to toolkits as devices, which can lead to thingly outcomes that engage 
people, toolkits themselves can also engage people even though they are 
technological. An example of a toolkit that is an engaging device is music 
production software, for instance Ableton Live1, which is a technological 
object and requires both effort and skill to master. However, users of this 
particular software can be as engaged as a traditional musician playing 
an acoustic piano. People are engaged because they can express them-
selves and the user of the toolkit is able to make something that carries 
the personality of the creator; it is about personification, as discussed in 
chapter 3. A toolkit like NikeID, which is a device, delivers an instance; the 
outcomes are not inherently linked to its creators.

To illustrate the difference between a device and engaging device in music, 
I return to the example of the synthesiser. A digital synthesiser comes with 
presets while some analogue synthesisers are not capable of saving and 
recalling presets and the user has to design the sound from scratch. This 
sound sculpting is a time consuming and skilful activity that engages. So 
even though both devices are technological, they embody quite different 
activities and relate differently to the user. The digital synthesiser com-
modifies sound while the later establishes a focal practice. An example in 
this dissertation is the Wave Twister prototype that I have developed in 
study 9 (chapter 9). In this case, the toolkit is an engaging device since it 
enables people to develop their skills and personify a design rather than 
merely customise a design.

Friendliness and Literacy

In figure 10-2 I positioned toolkits as devices and toolkits as engaging 
devices. The schema with competence of the user and scope of the toolkit 
has been introduced in study 1 (chapter 7) for mapping existing toolkits 
and identifying gaps. I label two of these gaps as the friendliness track and 



288 | Opening Up Design

literacy track. Toolkits as devices, which are positioned in the lower left 
corner of the diagram, make commodities available; These toolkits do 
not require skill or effort. This is the result of trying to bridge advanced 
toolkits and user-friendly toolkits. However, Borgmann has stated: “…
such friendliness is just the mark of how wide the gap has become between 
the function accessible to everyone and the machinery known by nearly 
no one” (Borgmann, 1984, p.47). Rather than pursuing the road of friend-
liness, I would argue for the literacy path. This track tries to bridge the 
gap between toolkits as things and toolkits as devices by gradually making 
advanced toolkits accessible rather than making them available. The dif-
ference between available and accessible is the following; Devices make 
commodities available, which then can be consumed whereas things 
and engaging devices give access to a skill and commanding practice. 
Things as well as engaging devices are commanding and provide access 
to a focal practice. The literacy path establishes focal practices through 
commanding toolkits that require skills and knowledge, such that the 
layperson does not solely use a toolkit to consume a customised product, 
but engages in a design activity to create a truly personified product. By 
making this object, they gain new skills, insights and knowledge about 
the product and the development process. Making the design process and 
its tools accessible to the layperson enables them to become, to a certain 
extent, design literate.

To conclude, lay design aims to allow people to design personified objects, 
objects that are meaningful and contextual to the lay designer, and there-
fore I have argued that toolkits should be seen as engaging devices that 
truly engage people rather than just supply a commodity.

Human-Toolkit-World Relations
When using a toolkit to design something, the toolkit lets the user experi-
ence the world in a certain way and also influences the user’s actions. I 
look at human-toolkit relations by using technological mediation theory 
(chapter 4) as a basis for analysis and I discuss how different mediation 
relations are present when people use toolkits to design products. The 
main research question of this dissertation is focused on the role of the 
professional designer and the layperson, however I focus not only on the 
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role as such, but also on the relation between these two human actors and 
the technology.

Industrial design brought forward a particular relation between the 
designer, the consumer, and the object. Lay design transforms this relation 
by bringing in a toolkit, a technology which enables the lay person to 
become an active participant in the design process. This technology is not 
neutral, but steers actions and transforms experiences. The analysis that 
I perform in this section aims to provide an understanding of this new 
relation.

I adopt the notation system used by Ihde (1990) and Verbeek (2011); 
Elements of the relation are human actors, technology, world, intentionality, 
and entities. The human actors are in this case the professional designer or 
the lay designer and the technology is a toolkit. The world, intentionality, 
and entities have the same meaning as used by Ihde and Verbeek. World 
stands for “reality as disclosed by human beings” (Verbeek, 2005, p.108), 
the arrows indicating the direction of intentionality and the brackets 
depicting an entity.

Hermeneutic and Alterity Relations

Toolkits constitute a hermeneutic and alterity relation between humans 
and the world. A hermeneutic relation is present when the user of a toolkit 
interprets the world through the toolkit. An alterity relation is present 
when the toolkit acts as a quasi-other. This is the case when the toolkit 
guides a user in the design process, as if it is a person that sits next to you 
and helps you. A toolkit acts as quasi-other when it provides guidance, 
help, tips, or corrects the user. This is similar to the example of ticket 
machines that “…also give advice, provide route information, answer 
questions, and protest when something is done incorrectly” (Verbeek, 
2005, p.127).

Toolkits are positioned on the continuum from hermeneutic to alterity 
(Verbeek, 2005, p.127). One could say that a toolkit constitutes a herme-
neutic-alterity relation, but the exact blend of these two relations depends 
on the individual lay designer and the specific toolkit since the technology 
is meant to adapt to one’s skill level, knowledge and interest (from a 
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practical point of view in the case of the Wave Twister toolkit, study 9) 
and technology in general is multi-stable (from a philosophical point of 
view). This means that the exact mediating role of the technology cannot 
be determined beforehand by the designer of the toolkit but can only be 
anticipated.

Hermeneutic Analysis

Focusing on the mediation of perception I analysed human-toolkit rela-
tions, or how the layperson experiences the world by using a toolkit. I used 
the vocabulary of Verbeek regarding the hermeneutic relation (Verbeek, 
2005, p.196). The hermeneutic relation deals with the mediation of expe-
rience or perception when a layperson is designing something by using a 
toolkit. The standard hermeneutic relation (Verbeek, 2005, p.126) can be 
adapted to lay design like this:

lay designer → (toolkit - imaginative world)

When one uses a product, one has a relation with the world through this 
product. A toolkit on the other hand is an interpretation of a not-yet-
reality; The user of a toolkit is not in direct contact with the material 
world, but rather he/she is in contact with an imaginative world that has 
the form of a digital design on a screen. This hermeneutic relation does 
not help us to better understand toolkits and therefore I teased apart this 
relation into four aspects, which all focus on intentionality (schema XVI, 
figure 10-3).

First of all, there is intentionality towards the functionality of the toolkit 
in the sense of the fabrication machine that ought to produce the outcome 
of the toolkit. Secondly, there is intentionality towards functionality of 
the toolkit in the sense of the intent of the designer who makes the toolkit 
smart, limited, or otherwise steers the functionality according to his/her 
intentions and values. Thirdly, there is intentionality towards the design 
material, which is represented by the interface of the toolkit. This design 
material can be for instance the configuration check boxes and options 
or code when a toolkit focuses on computational design. This constitutes 
a classic hermeneutic relation where the user of a toolkit has to interpret 
for example the physical dimensions of the product by a set of numbers. 
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Fourthly, there is intentionality towards the visualisation or represen-
tation of the design, which is the toolkits’ imagined design, i.e. the 3D 
model on screen versus the way the user of the toolkit has it imagined. 
These four aspects that I have identified make up the hermeneutic part of 
human-toolkit relations and I looked at how these four different relations 
transform the experience of the lay designer.

Amplification and Reduction

I examined an existing toolkit to see how these hermeneutic relations play 
a role when a layperson uses the toolkit to design something. The example 
I used is the NikeID2 toolkit, which enables the layperson to customise a 
pair of shoes (figure 10-4).

The intentionality towards the fabrication machine (A) is not directly 
present in this toolkit since this toolkit distances the user from the fabri-
cation machine. The intent of the designer is to create a certain distance 
and intervene as it were between the machine and the user. With regard 
to the intentionality towards the intent of the designer (B), the visual 
appearance of the shoes is amplified, while other aspects of the product 
are reduced (B1). The toolkit is focused on visual product attributes, while 
the production side, material choice, performance of the shoe are hidden 
from the user of the toolkit. With regard to intentionality towards the 
design material (C), there are three aspects. In general, the interface of 
the toolkit has only one level; All the options are immediately present if 
you go through the 14 steps (C2). Furthermore, the view of the product 
is something you have to actively change to see the whole product, so this 
is not readily present to the user. This means that a user has to interpret 
the design in steps, piece by piece, in order to get the picture of the whole 
thing (C3). Another example of a classic hermeneutic relation in this 
toolkit is the final step where one can choose the shoe size, represented 
by a number which the user must interpret, similar to Verbeek’s example 
of the thermometer (C4). With regard to intentionality towards the visu-
alisation of the design (D) there are two examples about reduction. The 
colour is reduced to an interpretation of it on screen and this interpreta-
tion depends on the quality of the screen the layperson uses, its setting, 
and the environment the user is in (D5). Another example of reduction 
is the visualisation of material properties, especially the glow-in-the-dark 
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material where the glow is reduced to a visual effect and also does not have 
any effect on the environment; It is represented as an isolated aspect (D6).

To conclude, the NikeID toolkit is a very simple and seemingly straight-
forward toolkit, but even for this toolkit there are already many different 
hermeneutic relations present. The idea of this analysis is not to be com-
prehensive for the NikeID toolkit, but merely to exemplify each relation 
with a few examples.

Existential Analysis

I have also analysed human-toolkit relations focusing on the mediation of 
praxis, i.e. how the layperson is invited or inhibited to certain actions by 
a toolkit. I first discuss these six forms of agency and hereafter I used the 
example of the NikeID toolkit to see what actions are invited and inhibited 
(figure 10-4). Again I use Verbeek’s vocabulary (Verbeek, 2005, p.196).

Lay design opens up industrial design and toolkits are a way to interact 
with the powers that are present: the manufacturers, designers, and tech-
nologies. The freedom of the lay designer–which actions one can make 
(invitation) or not make (inhibition)–is constituted in the way one can 
interact with the professional designer through the toolkit. In other 
words: “The freedom of the subject does not consist in being liberated 
from power, but in interacting with it” (Verbeek, 2011, p.73) and “Instead 
of being merely subversive and antithetic, the subject can be engaged, 
seeking to shape itself in the context of ‘the powers that be’” (Verbeek, 
2011, p.72). I looked at agency, which is “the capacity, condition, or state 
of acting or of exerting power”3, and I discuss the forms of agency that I 
have identified in toolkits, which are formed by three actors, the profes-
sional designer, lay designer, and the toolkit (Verbeek, 2011, p.99). These 
six forms of agency open up for a more precise discussion of the existen-
tial dimension of toolkits.

The alterity relation deals with the mediation of praxis and invites or 
inhibits certain actions by the user when one is designing by using a 
toolkit. The standard alterity relation can be adapted to lay design and it 
will look like this:
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lay designer → toolkit (- imaginative world)

If we open up the toolkit element of this relation and focus on agency we 
see that there are three actors, as discussed in Human and Technological 
Actors (chapter 2), or so-called sources of mediation; the professional 
designer, the toolkit, and the lay designer, all related in some way to each 
other:

designer — toolkit — lay designer

The agency in a toolkit is distributed among these three actors: the lay-
person can appropriate technology, designers can delegate through 
technology, and technology itself can have emergent agency (Verbeek, 
2011, p.99).

Form of Agency 1: Designer-controlled Freedom

(designer → toolkit) → lay designer

The designer controls the layperson by offering a toolkit that allows a 
layperson to design something, but within the strict boundaries set by 
the designer. This form of agency is present in many mass customisation 
toolkits, for example NikeID, in which one is enabled to customise the 
visual appearance of a pair of shoes, or the toolkit by Dell in which one is 
enabled to configure a computer system in a modular way.

Form of Agency 2: Released Into the World

designer → (toolkit ← lay designer)

The designer releases a toolkit into the world and allows the layperson to 
take it and use it in any way that he/she wants. The toolkit can have a life 
of its own without any interference from the designer of the toolkit. The 
layperson can appropriate the toolkit, but also misuse it without interfer-
ence from the designer. An example of this type of agency relation can 
be found in the Arduino open electronics platform toolkit. The Arduino 
toolkit is open for anyone to use in any way, and although the designers 
of this toolkit suggest certain ways and provide guidance in the form of 
tutorials, it is really up to the layperson to appropriate it.
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Form of Agency 3: Designer-led Dialogue

(designer → toolkit) ← lay designer

The designer and layperson are in dialogue with each other and a vital 
ingredient is the input from the layperson. However, the dialogue is led by 
the designer and he/she has the final say, i.e. veto, in what is being made 
with the toolkit. An example of this agency relation is the smartphone-
app store model made popular by Apple. The layperson is encouraged to 
design their own apps for the smartphone, but Apple has the final decision 
power to accept or reject an app based on certain criteria which they 
decide upon.

Form of Agency 4: Layperson-led Dialogue

designer → (toolkit ← lay designer)

The fourth form of agency identified is the opposite of the third one, 
in which the layperson leads the dialogue and the designer is more of a 
facilitator/servant who stands at the side lines. Examples can probably be 
found in the DIY/maker world.

Form of Agency 5: Dialogue

(designer → toolkit ← lay designer)

The designer and layperson are in dialogue with each other and are both 
equal parties in the conversation. An example of this type of agency con-
stitution is open source software where people contribute to the design of 
a piece of software on an equal basis.

Form of Agency 6: Democratic

designer → (toolkit ← community of lay designers)

The democratic agency form deals with a community of lay designers 
rather than with the individual layperson. This group of lay designers 
decides democratically and is in conversation with the designer. An 
example of this type of agency relation in a toolkit is not present (yet), but 
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an example can be found in design by the design studio Quirky, which 
develops products that are proposed by a designer (either a professional or 
lay designer) outside their office and, when the design has been reviewed 
by the community and receives enough votes, then goes through the next 
stage of development.

Invitation and Inhibition

I examined the NikeID toolkit to see which forms of agency are present in 
this toolkit and to examine what actions are invited and inhibited (figure 
10-4). The first form of agency, designer-controlled freedom, is present in 
this toolkit, since the layperson is allowed very little room for action and 
the designer of the toolkit keeps a close eye on what can be done and what 
not; The brand identity of Nike, for instance, is kept under strict control.

The toolkit acts as a quasi-other by giving suggestions of shoe designs in 
step 0 and 1 (E1). The user is invited to pick from the selected colours, 
but in fact the toolkit has already done this by example and the user is 
inhibited from picking any other colour. This invitation/inhibition relates 
directly to the first point I made in the hermeneutic dimension, namely 
the amplification on the visual appearance of the product (E2). In general, 
the user is invited to go through the process in a sequential order, from 
step 0 to step 14, and thereby customise the shoes piece by piece. Here 
the toolkit invites one to do it like that, but it is not dictated; One is able 
to choose to start somewhere other than the first step and do it in his/her 
desired order (E3). The user is invited to choose between two modes of 
visualisation, one a bit more realistic than the other. This action is related 
to the hermeneutic point 6 about the glow-in-the-dark material (E4). 
Furthermore, in general the layperson is inhibited from seeing the shoes 
from all points of view at the same time; The views of the product offered 
always leave out some angles. Also the user is inhibited from seeing the 
product in a context, or with reference objects next to it to get a sense of 
look and feel (E5).

To conclude, the NikeID toolkit has one form of agency, the designer is 
mostly in control and the layperson gets a very clear boundary of action. In 
the Wave Twister toolkit that I have developed in study 9 this is intention-
ally very different; there are different forms of agency present in order to 
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Figure 10-5: Visualisation based on schema XVI of human-toolkit relations in Wave 
Twister toolkit that was developed in study 9 (chapter 9)
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get a range of skill levels for different kind of users. This makes the toolkit 
many times more complex and it allows for different type of actions all 
within the same toolkit.

In figure 10-5, the Wave Twister toolkit that was developed in study 9 
(chapter 9) has been analysed using the same schema. Here there are 
many different mediations that emerge due to the extensiveness and 
complexity of this toolkit. I pointed out several of the hermeneutic media-
tions, such as the decreasing designer’s intent with increasing layperson’s 
competence, as well as an emerging intentionality towards the fabrication 
machine. From the existential perspective, there are three forms of agency 
present in this toolkit, namely designer-controlled freedom, layperson-led 
dialogue, and democratic. This analysis shows that the model of schema 
XII can be applied to different types of toolkits and that analysing toolkits 
in this way provides insight into the complexity of this technology.

Heidegger’s Hammer versus Web-based Sneaker Toolkit

Toolkits mediate between human actors and the world and they consti-
tute a hermeneutic and existential relation as discussed in the previous 
section. The question emerges: What makes a digital-physical toolkit, 
such as NikeID, different from Heidegger’s classic tool example, the 
hammer (“Things and Devices”, chapter 4)? Is there a fundamental dif-
ference between a Heideggerian tool and a digital-physical toolkit or are 
they the same, in a philosophical sense, and simply possess a different 
form, function, and appearance? I tackle this question by looking at the 
common sense definition of tools and toolkits that I proposed in chapter 
2, and then by taking a hermeneutic and existential perspective on the 
issue.

The difference between a tool and toolkit is discussed in “Human and 
Technological Actors” (chapter 2) and the common sense definition 
proposed there still holds up, that a toolkit can be seen as a collection of 
tools. Both an analogue tool and a digital toolkit can be what Heidegger 
calls ready-to-hand, which means that when one uses a tool or toolkit 
the focus is not on the tool or toolkit, but on the activity one performs 
(Verbeek, 2005, p.79). However, I suspect there is a difference between 
Heidegger’s classic example of the hammer as a tool and the type of 
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toolkits that I am investigating in this dissertation. This difference lies 
probably somewhere in the analogue-digital area and I try to unpack the 
distinction by using technological mediation theory.

From a hermeneutic perspective there is a difference between a digital-
physical toolkit and a hammer. An analogue tool can be embodied; One 
can hold a hammer and the hammer becomes part of the body, an exten-
sion of the arm, to exert force upon a nail. This embodiment provides a 
direct and immediate relation between the user of the hammer and the 
material world it is interacting with. A digital-physical toolkit, the one I 
am investigating in this dissertation, cannot be physically embodied; It 
constitutes a hermeneutic relation between the layperson and the imagi-
native reality. However, the equipment with which one controls the toolkit, 
such as the computer keyboard or mouse, can be embodied, but not the 
toolkit itself. This can be illustrated by using the metaphor of how light 
propagates through a medium and the refraction of the light, for instance 
when light travels from water to air. The user interface of a toolkit, the 
designer, the fabrication machine, and so on could all be seen as materials 
with different refraction indexes and so a digital-physical toolkit distances 
the user from the material world and in between there is distortion.

From an existential perspective the difference between an analogue tool 
and a digital tool is that this refraction has an effect on the action radius 
of a toolkit. A tool and a toolkit can constitute an alterity relation and 
thereby act as a quasi-other. In the case of the sneaker toolkit this quasi-
otherness is quite clear; the toolkit invites/steers the behaviour of the user 
strongly and inhibits certain actions also quite strongly. In the case of the 
hammer, this is still present but in a much weaker form. The hammer does 
invite and inhibit certain actions but the freedom to do as you please, or in 
other words the action radius, seems to be much larger.

To conclude, I have identified the difference between the hammer as a tool 
and the web-based sneaker toolkit in a hermeneutic and an existential 
sense. A digital-physical toolkit is less direct and immediate, both in inter-
pretation as well as in action. This can be summarised in the metaphor of 
refraction of light through different mediums. The toolkit is one actor in 
the constellation of human-toolkit-world and this analysis has provided 
a deeper understanding of the different manifestations of a toolkit and I 
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have argued how toolkits should be seen in lay design.

Role of Professional Designer
Before presenting the principles of lay design, I discuss the role of the 
professional designer and the layperson by looking at the four competen-
cies, i.e. tool-, skill-, knowledge and mindset (Nelson & Stolterman, 2012, 
p.296). Additionally, the vocabulary developed in study 9 (chapter 9) is 
shown in table 10-1 again, since this vocabulary could be used to describe 
the roles of both actors as well as the toolkit.

The role of the professional designer changes in a practical way in that 
the tasks are changing, different skills, tools and knowledge are required, 
and a different mindset is needed. The professional designer is no longer 
developing an end-use product, but he/she takes on the role of designing 
a toolkit that enables the layperson to design for one’s context. I am not 
presenting one clearly defined role for the professional designer with 
regard to lay design, but see the role as a scale where the exact constitu-
tion depends on the type of toolkit and the desired designer-layperson 
relation.

Toolset

In order to develop toolkits and its variable products, designers will have 
to learn new tools. Some of which already exist such as Grasshopper and 
Processing, and some might need to be developed. The tools will change 
over time, so it is not possible to say which tools are most relevant in 
the future, but it is safe to state that tools for developing computational 
geometry are crucial.

Skill- and Knowledge Set

The first area of new skills and knowledge designers have to master concerns 
computational design. To create toolkits that reach beyond the expected 
and are not solely concerned with configuration of pre-existing designs, 
designers need to widen their skillset. Using algorithms and coding to 
develop designs is one way of delivering surprising results as seen in study 
8 (chapter 8) where the designer is a programmer of geometry. This is 
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in contrast to today’s practice where computer-aided design software is 
used to represent a design digitally, as discussed in Form Finding (chapter 
5). Learning computational design will help designers in thinking about 
variability and in developing variable products. The second area of new 
skills and knowledge concerns the use of digital fabrication technologies 
and in particular 3D printing, which brings along a new set of opportuni-
ties and limitations. Additive manufacturing has a different nature than 
the current mass manufacturing technologies such as injection moulding 
(chapter 6) and requires skills, knowledge, and experience to leverage 
from its opportunities.

Mindset

Toolkit design requires a new mindset of designers, a different way of 
thinking about designing for people and by people. The relationship 
between designer and layperson is one of service, it is not a relationship 
where the designer is solely in control and dictates a solution to the lay-
person, nor is it necessarily a relationship where the designer is merely 
the facilitator and the layperson is in control. Designer and layperson are 
balanced, each role with its own characteristics and tasks. The designer 
has expertise in product design, manufacturing technologies, material 
properties, and so on, whereas the layperson is an expert in knowing what 
he/she wants, for what context and use and one’s own aesthetic preferences 
(schema I, chapter 1). The designer is no longer concerned with deter-
mining the particular and the consumer is no longer solely a recipient 
who accepts or rejects a proposed solution. The new role of the designer 
requires a new mindset that incorporates openness (study 5, chapter 7) 
and this is in terms of the outcomes of a toolkit as well as in regard to the 
competence level of the layperson.

The professional designer should be aware that a toolkit is a technology 
that mediates between the layperson and the world and that a toolkit 
brings forward a particular hermeneutic relation with different intention-
alities and an alterity relation with different forms of agency (schema XII, 
this chapter). The first relation amplifies or reduces the experience of the 
world of a layperson where the latter relation invites or inhibits actions 
in this world. When developing toolkits, the professional designer moves 
from designing products that might have scripts and intended uses to 
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designing toolkits that allows the layperson to engage in design. It enables 
the layperson to deal with a not-yet-reality that comes with new forms of 
freedom and accountability and ethics.

Role of Lay Designer
The layperson is no longer the passive participant who only accepts or 
rejects a proposed design solution, but he/she is an active participant 
of the design process who explores a design space and makes decisions 
regarding one’s desired design.

The role of the lay person, or better, the lay designer, can be defined as a 
continuum ranging from a reactive stance of using a toolkit to a proactive 
participant that expands a toolkit. It is not one role that the layperson will 
fulfil; A lay designer can be involved in different ways according to his/her 
intention, skills and expertise. This is a very important aspect to keep in 
mind. The research on lay design that I have presented in this dissertation 
is not providing two clear-cut definitions of the roles of the professional 
designer and the layperson. The point is that this is not possible since it 
is a dynamic constitution which is context dependent. I discuss this role 
on the basis of the competencies model of tool-, skill-, knowledge, and 
mindset. In table 10-1 is the vocabulary from study 9 shown that can be 
used to describe the role of the layperson.

Toolset

The toolset of the lay designer is expanded with the introduction of a dig-
ital-physical toolkit. The layperson gains access to designerly tools, such 
as paper prototyping (study 9, chapter 9), which requires experience and 
knowledge of how to deal with it. Each toolkit is different from another, 
but the basic mechanisms and tools might be similar. It is not so much 
about learning one tool, but learning how to learn to use toolkits.

Skill- and Knowledge Set

Based on my research, and in particular study 9, a layperson should 
acquire the following skills: eliciting intentions and needs and desires (1), 
exploration of a design space and prototyping (2), and formation: decision 



Role Vocabulary
Lay designer
- Compositional scanning, searching for possibilities, partial exploration, accepting, 

choosing, defi ning composition, confi gurator, feels like in charge, 
feels like in control, illusion, fi gure out and answer, spare time,
modifying, customising, manipulating (existing things), hacking, 
contributing, handpicking from a library
Not: not forming the choices, not able to discover (everything), not 
challenging, not trying to push the limits, not struggling, not being 
refl ective or critical about the use of the toolkit

- Guided Designerly iterating, choosing, less structured, intentional, (more) explorative, 
(more) complexity, aware, planning, technically elaborate,
decision making and selecting
Not: not evaluating with others, not artistic, not so much facing 
problems

- In Control guidance through choices, ability to built upon choices, ownership, 
being in control rather than being controlled, creating on things 
that are given/built on foundations, moving within the frame-
work but powerful, advanced hobbyist, self-learned designer, full 
responsibi-lity, stepping out of the toolkit (to accomplish a goal)

Professional designer
In scenario 1 and 2 defi ning the theme, in control, giving choices, creating the boun-

daries, decide on the parameters, designing the elements (that are 
used by the layperson to form combinations), ground work and 
preparing, setting the tone/setting the rules to built something on, 
handling the friction points

In scenario 3 inspirational, indirect infl uence on interfacing level with other
softwares and tools, stepping back and let the user play, putting 
forward an idea and the layperson works with it

Toolkit
In scenario 1 and 2 inspirational, a tool and a guide, the toolkit helps the layperson to 

design the whole thing, helps within the design process with some 
limitations and suggestions, it helps the layperson to come up with 
something

In scenario 3 inspirational, a means for production, providing access to the
components, a tool, verifying the design

Table 10-1: [Reprint of table 9-1] Vocabulary for describing the roles of lay designer, 
professional designer and toolkit, as put forward by the interviewed designers
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making and bringing together (3). The knowledge of a layperson should 
be expanded regarding knowledge about the design process and how to 
translate contextual needs and insights from use into a design.

Mindset

The mindset of a layperson is changing regarding the way a product should 
be seen. Practically, a product should be seen as a continuous prototype 
rather than a finished object. Conceptually, one has to move from a con-
suming (passive) to designing (active) mindset where one has to handle 
freedom and take responsibility. The layperson needs to express inten-
tionality when designing with a toolkit. The new role of the lay person 
comes with a certain agency and responsibility. One is able to act but this 
freedom and autonomy to act is not for free, the layperson has to deal with 
this in a responsible way and has to make decisions that are ethical. This 
is a big change in comparison to the current passive role of the layperson.

Five Principles of Lay Design
Following the discussion of lay design using the theory of technological 
mediation, I present the principles of lay design. These five principles are 
giving my perspective on lay design based on the research I presented in 
this dissertation. These principles are based on two assumptions, namely 
the willingness of people to engage in design and technological viability of 
3D printing (“Research Questions”, chapter 1).

Principle 1: Design for Engagement

Designing toolkits is about engagement rather than only about consump-
tion. The main objective is to have people design their own objects and 
this can only be done when people are engaged to do so. In industrial 
society products are produced to be consumed, while lay design aims past 
consumption, to enable and empower people to express their meaning 
in the world. In other words, it aims for conviviality. This is done by 
providing toolkits in which the layperson can personify products rather 
than just configure or customise them. Personification means to create 
products that cannot exist without its owner, thereby going beyond mass 
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customisation.

Principle 2: Dynamic Relation between Layperson and Professional 

Designer

The time of a static and well-defined relation between the professional 
designer and the layperson is over. Lay design is about evolving designer-
layperson relations where, depending on the intention of both designer 
and layperson, different types of relations can be established and emerge 
along the way. The designer should think about the relation between lay-
person and designer: what kind of relation to establish and encourage. 
Each relation in lay design has its own form of agency and the toolkit plays 
a mediating role between the designer and the layperson.

Principle 3: Openness in Product: Undetermined in Scope

Lay design is intentionally undetermined in scope since a toolkit enables 
the layperson to design a product with a certain amount of freedom. A 
toolkit puts forward variable products that can be appropriated by the 
layperson’s desires and needs. A toolkit materialises a design space that 
enables a creative activity. This design space can be determined, in which 
the sizes depends on the width (number of possibilities across) and depth 
(number of possibilities within), or it can be undetermined, which means 
that it has fluid boundaries.

Principle 4: Openness in Process: Unknown in Competence

Lay design additionally deals with a certain amount of openness regarding 
the layperson’s process since the layperson’s competencies are unknown. 
This openness has four qualities, namely transparency, initiation of action, 
granularity and automation. Toolkits should address different skill levels 
in order to make the toolkit appropriate for different types of lay designer, 
from the complete novice to the expert. Lay design is concerned with 
guiding the layperson through a design process and supporting them in 
moving between different levels of knowledge. Opening up design to the 
layperson does not mean making products open and letting them figure it 
out by themselves, but designing guidance, which becomes a vital part of 



310 | Opening Up Design

developing a toolkit. Guidance becomes the object of design.

Principle 5: Interweaving of Production and Consumption

The dichotomy between production and consumption is blurring with lay 
design. The layperson will be engaged in both activities and these will 
be increasingly intertwined, in other words products will be designed 
through use and in use, rather than designed-before-use. Iteration takes 
place between the digital and physical domain, between code and context, 
between idea and implementation, between the imagined and the real, in 
a continuous cycle.

10.3 Guidelines for Developing Toolkits
The second part of the contributions makes the principles of lay design 
operational. I have formulated two sets of guidelines, which support 
design practitioners in developing toolkits and their subsequent content. 
Apart from the design research community, my aim was to address design 
practice explicitly as well as communicate the findings in a way that 
probably makes sense to them. The first set of guidelines is concerned with 
the toolkit itself and the facilitation of the process of designing whereas 
the second set of guidelines is concerned with variable products, or the 
outcomes of a lay design process.

I choose the form of guidelines since guidelines are practical. They can be 
readily used in practice while at the same time they are not prescriptive, 
they can be used and interpreted as one wants. My aim was not to pre-
scribe designers how to do design, because this topic is too complex to be 
caught in definitive rules and it would also not be effective since designers 
are not receptive to dictation. These guidelines should be seen as a support 
for designers in practice when one is developing a toolkit.

Toolkit Design Guidelines
The first set of guidelines supports designers in the development of toolkits 
enabling the layperson to design everyday products. The ten guidelines 
are formulated as:
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1. Domain-Specific Scope

2. Address Multiple Skill Levels

3. Deliver the Unexpected

4. Five Mechanisms to Create Variability

5. Enable Iteration

6. Adaptability in Design and/or Use Time

7. Expandable: Go Beyond the Toolkit

8. Tailor to a Specific Fabrication Technique

9. Allow Non-Linear Navigation

10. Appropriate Visualisation

I briefly explain each guideline and also refer to the research studies and 
literature to depict their origins.

Guideline 1 Domain-specific Scope

A toolkit should be domain-specific because in this way it could bridge the 
gap between product-specific customisation toolkits and general purpose 
CAD software (study 1, chapter 7). A domain is a product category that is 
between product-specific and general purpose, for instance audio equip-
ment or kitchen tools are seen as a domain. This type of toolkit allows 
the tools and features to be specific for a particular domain, but not too 
constrained. Furthermore, one is able to provide specific guidance for the 
user related to that domain.

Guideline 2 Address Multiple Skill Levels

To make toolkits meaningful for a heterogeneous group of people they 
should address multiple skill levels. Hereby novices as well as advanced 
lay designers could use the toolkit to design products that fit their contex-
tual needs. Addressing these varying skill levels can be done in different 
ways by using a mix of mechanisms (study 2, chapter 7) to bridge the gap 
between mass customisation toolkits on one hand and CAD software on 
the other hand (study 1, chapter 7). This guideline is also based on the 
notion of “low floor and wide walls” (Resnick & Silverman, 2005) and 
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user-friendliness by Von Hippel stating that “users will be able to operate 
them with their customary design language and skills” (Von Hippel, 2001, 
p.252). Mellis and Buechley have formulated this as easy-to-use, but at the 
same time it could provide the ability for the user “to work at the same 
level and with the same tools as the creator of the original design” (Mellis 
& Buechley, 2011, p.374). Sanders referred to this by the notion of levels 
of everyday creativity (Sanders, 2006).

Guideline 3 Deliver the Unexpected

Toolkits should surprise their users and support delivering exciting and 
new directions and possibilities. A toolkit should not just provide what 
a layperson expects, but it should suggest, inspire, and encourage them 
to try new things and come up with something the layperson had not 
thought about. One way of delivering something unexpected is by using 
algorithms, as demonstrated in study 8 (chapter 8). This is what designers 
do, referred to as expected-unexpected (Nelson & Stolterman, 2012, p.42).

Guideline 4 Four Mechanisms to Create Variability

Lay design is about designing openness, and to make the content of a 
toolkit variable one can use different mechanisms. I have identified four 
mechanisms which all have their own qualities and which can be used in 
combination with each other: veneer, modularity, parametric, and genera-
tive (study 2, chapter 7; study 8, chapter 8). Modularity is a mechanism 
that is also put forward by Von Hippel: “…library of commonly used 
modules, allowing the user to focus on his or her design efforts on the 
truly unique elements of a design” (Von Hippel, 2001, p.251). The com-
putational mechanism, which is put under the label of generative, is put 
forward by Resnick and Silverman: “a little bit of programming goes a 
long way” (Resnick and Silverman, 2005, p.120).

Guideline 5 Enable Iteration

Designers iterate often and many times and lay designers should be enabled 
to do the same. A toolkit should allow for iteration within the digital, but 
also between the digital and physical domain. Tools such as the paper pro-
totyping tool from study 9 make it possible to easily prototype and make 
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the translation between the screen and a tangible object and thereby open 
up to a mode of working with toolkits that is crucial in design. This aligns 
with the “complete cycles of trial-and-error learning” (Von Hippel, 2001, 
p.250) as well as with the emphasis on iteration pointed out by Resnick 
and Silverman (2005).

Guideline 6 Adaptability in Design and/or Use Time

The line between production and consumption, or design and use, is 
getting blurred by lay design. The layperson is enabled to take part in 
the design process and this enables a continuous back and forth between 
design and use of products. A toolkit should enable the continuous 
adaptation of the products it creates. An example is the third design, the 
modular Cells (study 9, chapter 9), where the modular design can be 
adapted in use time, but also in design time by developing new modules 
to fit emerging needs. This guideline aligns with the notion of design and 
use time (Fischer & Scharff, 2000, p.398).

Guideline 7 Expandable: Go Beyond the Toolkit

A toolkit should be expandable so that the layperson can adapt it to 
emerging needs. Similar to software packages, toolkits could be made 
expandable by allowing them to interact with third-party software and 
programming languages or to export to file formats that are compatible 
with other software or platforms (examples are given in study 1, chapter 
7). The idea is to have a toolkit with fluid boundaries, which can account 
for future needs that are impossible to foresee at the time of development.

Guideline 8 Tailor to Specific Fabrication Technique

To be able to deliver outcomes that are producible when one designs a 
product with a toolkit, it should focus on one specific manufacturing 
technology. The additional advantage of this focus is that the profes-
sional designer is able to better support the layperson through specific 
guidance, tools and features. This aligns with Von Hippel who stated that 
a toolkit should deliver “producible on manufacturer production equip-
ment without requiring revisions by manufacturer-based engineers” (Von 
Hippel, 2001, p.251). This guideline has been implemented in study 9 
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where several tools are specific to 3D printing (chapter 9).

Guideline 9 Non-Linear Navigation

A toolkit should allow for freedom in terms of the products that will be 
designed, but equally important, the process of designing should be open 
to the layperson. One way of doing this is by having non-linear naviga-
tion, which means that the user of the toolkit can decide for him/herself 
what to do at any point in time. This aligns with “support many paths 
and many styles” (Resnick & Silverman, 2005, p.118), but it opposes the 
common idea in mass customisation toolkits, which typically have a step-
by-step navigation process.

Guideline 10 Appropriate Visualisation

The visualisation of the design in a toolkit is crucial for understanding 
what one is doing. Photo realistic visualisation is just one way of many 
to communicate. The important thing to keep in mind is that an appro-
priate visualisation is required and this is always a trade-off between 
visual appeal, information, and technical issues such as rendering time. 
Therefore, one should be thoughtful about what visualisation to choose 
for the purpose at hand.

Variable Product Design Guidelines
The second set of guidelines are focused on developing the content of a 
toolkit, i.e. variable products. In chapter 5 “Form Finding”, I outlined a 
sketch of a form finding approach which dealt with context, adhocism, 
wholeness, computational geometry, and nature as inspiration. While 
this sketch is in general pointing towards potentially interesting areas, the 
variable product design guidelines presented here are more specifically for 
lay design in combination with 3D printing.

Guideline 1 Form: Rules Over Definitions

No longer is it a quest for the ultimate form that suits a specific problem 
or context, but rather it is about creating many possibly suitable forms that 
the layperson can appropriate. Products are no longer defined in every 
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detail, but determined by rules, i.e. algorithms. An (brand) identify can 
be established, but in a different way than before, as discussed in “Code as 
Design Material” (chapter 5).

Guideline 2 Complex Geometry Inspired by Nature and Mathematics

New forms that exist in nature and mathematics can be used in a para-
metric or computational way in order to create variations and instances. 
An example is the use of the Voronoi pattern in two and three dimensions 
in the speaker design (study 9, chapter 9). These complex geometries are 
especially suited to be fabricated with 3D printing since form complexity 
can be made effortlessly. Another example is the lamp shades made in 
study 8 (chapter 8), which have been built up from a cell to the whole. This 
principle is loosely inspired by nature and rather than defining a basic 
form and detailing it afterwards, this design has been created from the 
detail to the whole.

Guideline 3 Holistic Form

To counter and provide some nuance to the previous guideline, holistic 
form is about considering the design as a whole rather than merely a sum 
of its parts. First, this can be done by using the 15 properties of whole-
ness as proposed by Alexander (chapter 5). In study 9 the first design 
uses for example the property of levels by applying the Voronoi pattern 
in three different ways. The whole is a 3-dimensional Voronoi cell, the 
speaker surface is a 2D Voronoi pattern, and on the inside, the ribs that 
provide structure are also a Voronoi pattern (study 9, chapter 9). Secondly, 
holistic can also be interpreted in the sense that 3D printing allows one 
to fabricate integrated forms, static or dynamic, where other fabrication 
technologies would require parts and assemblies.

Guideline 4 Variable to Layperson’s Context

The variability in form is not only depending on the idiosyncrasies of the 
layperson, but also on external factors. External data can be used to shape 
a design and controlled (to some extent) by the layperson. In this way 
the layperson can break out of the confined space of a toolkit and out 
of his/her own ideas and create context-dependent forms. An example 
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is given in the section on “Code as Design Material” (chapter 5) where 
the designers have used the sun path data to inform the form of the solar 
pavilion. In a quite simple way, this is used in study 9 where the second 
design, the Roots Hi-Fi system, is adapted to the physical environment of 
the layperson (chapter 9).

To conclude, the guidelines presented in this section concern designing 
toolkits and variable products. These guidelines are meant to guide 
professional designers in the design process rather than restrict their 
imagination and creative work. This list of guidelines should be seen as a 
dynamic list, which could, and probably will, change over time.

10.4 Conclusion
This chapter presented the contributions of this dissertation on lay design 
in two ways. First, I have presented five principles of lay design and a dis-
cussion of lay design by using the theory of technological mediation. The 
analysis of human-toolkit-world relations shed a light on what it means to 
use a toolkit from a hermeneutic and existential perspective. This philo-
sophical inquiry into the mediating role of toolkit technology is a novel 
contribution of this dissertation. The second part of the contributions 
consists of two sets of guidelines that support design practitioners when 
developing toolkits in practice.

Notes:
1: Ableton Live, music production software, www.ableton.com, last visited: 6 February 2015
2: NikeID Customize Shoes and Accessories, Nike, http://www.nike.com/us/en_us/c/nikeid, last 
visited: 26 February 2015
3: Merriam-Webster dictionary, search term: agency, www.merriam-webster.com, Last visited: 14 
November 2014



11.1 Introduction
In this chapter, I reflect upon the research presented in this monograph, 
more specifically on the theme opening up design (chapter 1), the con-
structive design research approach that I used (chapter 2), and the theory 
of technological mediation (chapter 4). The second part of this chapter 
focuses on the implications of this research when moving towards a 
convivial society and I discuss three commonly voiced objections to lay 
design. Finally, I briefly present several future research directions.

11.2 Reflections

Reflection on Opening Up Design
The theme of this dissertation, opening up design, has been the central 
focus of my investigations, which lead to the framework of lay design 
presented in chapter 10. The framework argued for a strong role of the 
professional designer, in which one designs toolkits to enable the lay-
person. By no means, have I eliminated the professional designer; I merely 
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Implications
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argue for a changing role and changing relation with the layperson. Also, 
opening up design is not the same as open design, since guidance of the 
layperson is a vital part of lay design. In reflecting upon the theme of this 
dissertation I focused on the imaginative mindset that is required and on 
different levels of dedication of the layperson to design.

Imaginative Mindset

Design is about imagining a preferred state and lay design is in that respect 
no different. The layperson should imagine a preferred solution over con-
suming a proposed solution as it is. This relates directly to the idea of 
co-design, where the basic assumption is that everybody can be creative 
(Sanders and Stappers, 2008, p.9) and therefore a prerequisite of lay design 
is that the layperson possesses or develops an imaginative mindset.

The opposite of the imaginative mindset is the consumptive mindset, which 
is concerned with acceptance or rejection of proposed solutions whereas 
the first one is focused on imagining a not-yet-reality. Imagination is 
present in all design processes; Even in the most constrained process one 
needs to imagine that which is not yet reality. It is the “ability to give form 
to an idea” (Nelson & Stolterman, 2012, p.128), described as the formative 
faculty. This faculty consists of imagining given and non-given objects, or 
in other words things that exist and things that do not yet exist (Nelson & 
Stolterman, 2012, p.128-129). Creativity, on the other hand, concerns “the 
production of originality and novelty” and it is the process of “bring[ing] 
things into existence” which are new to its creator (Nelson & Stolterman, 
2012, p.127). According to Nelson and Stolterman “bringing something 
new into the world involves much more than just creativity”, it requires 
“imagination and communication” (Nelson & Stolterman, 2012, p.128). 
Everyday design, as discussed in the section Role of the Professional 
Designer and Lay Designer (chapter 10), is about people remaking or 
modifying systems and appropriate designs “as creative resources through 
design-in-use” (Wakkary, 2009, p.12). Here the term creativity is used as 
resourceful, adaptive, and emergent over time (Wakkary, 2008, p.478). 
This could be linked to the previous definition of creativity by Nelson and 
Stolterman of new and novel to the one who inquires. In everyday design, 
creativity concerns the everyday designer and it is not focused on serving 
other people. In regard to adhocism, Jencks and Silver have argued that 
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novelty is not relevant, but creativity in the sense of discovery is (Jencks 
& Silver, 2013, p.130) and this could be adapted for lay design as well. 
A design created by a lay designer does not have to be novel in absolute 
terms, but as long as it is appropriate to that layperson it can be considered 
to be successful.

Levels of Dedication to Design

Besides having an imaginative mindset as a layperson, one should be 
engaged in design. I distinguished three levels of dedication of the layperson 
to taking part in the design of everyday products, namely involvement, 
participation, and engagement. Involvement concerns a passive stance 
while participation deals with an active attitude of the consumer. In 
participation the consumer performs an activity while involvement only 
reflects the relevance of the consumer to the object (Barki & Hartwick, 
1989). Engagement, on the other hand, concerns a genuinely motivated 
layperson that takes part in the design process. Lay design is not about 
turning the layperson into a full-time professional designer, but rather 
about enabling the layperson to be engaged in the design process when 
one desires. This has been formulated in meta-design: “the foremost 
objective of meta-design is empowering humans (albeit not all of them, 
not at all times, not in all contexts) to be and act as designers” (Fisher & 
Scharff, 2000, p.403).

To conclude, in lay design the professional designer is not in full control 
nor is lay design completely designer-driven. The layperson should be 
engaged in the design of his/her products rather than merely involved 
and this requires an imaginative mindset from the layperson.

Methodological Insights
The research approach and methods of this research were presented and 
discussed in chapter 2 and I now reflect upon the methodology by using 
the following four criteria: process, novelty, relevance, and extensibility, as 
discussed in “Evaluating Design Research” (chapter 2).
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Process

In this dissertation, I have used two sets of theory that serve different 
purposes: the first set was used for setting up the studies and was pre-
sented and discussed in chapter 3; And the second set, introduced in 
chapter 4, was used for the philosophical analysis and discussion pre-
sented in chapter 10. The reason for having these two sets of theory was 
not a decision made at the start of this research, but rather emerged as the 
work progressed. The studies would have been different if they had been 
informed by the technological mediation theory from the start.

The main insight concerning the constructive design research approach is 
that the experts, the design practitioners in study 9, became self-reflective 
by being immersed in the material. By materialising a future lay design 
scenario, I confronted them with a tangible and detailed scenario of a 
future which allowed them to step out of their current ideas and beliefs 
and think about the implications this future might have. I argue that this 
would not be possible had I not materialised this future but, for instance, 
instead used a qualitative interview method. In chapter 2, I pointed 
out critiques of constructive design research that concern the intended 
outcome, documentation, and the timeframe. The intended outcome of 
my research has been, from the beginning, to gain an understanding of 
lay design and generate knowledge about this subject. Documentation of 
the design processes has been done in different ways, especially in study 9, 
an extensive project, where extra attention was paid by documenting the 
process continuously on a blog. The limitation of time, and therefore the 
limited time of each study, is an external constraint I had to work with. 
I chose to have a series of smaller studies rather than a few long ones 
(taking the whole PhD time), since I went off from an explorative perspec-
tive and this was a logical way to go at that time.

In general, I realised early on that it is not possible to set out the research 
entirely and therefore I started and performed the first study as part of 
a series of studies. This approach of quickly developing a first, explora-
tive study to see where the research would go worked well. There was a 
continuous back and forth between the studies, the analysis, and concepts 
and theory so that the research could be developed further. The methods I 
have used throughout this dissertation allowed me to gain different types 
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of insights and they utilised my design skills and my interests and also 
made the ideas I had very concrete and communicable to the participants, 
as well as the research community.

Novelty

The novel part of this research is the proposed framework that consists 
of the principles and guidelines of lay design and builds upon existing 
research (chapter 3 and 4). It extends knowledge about toolkit design to 
the domain of physical products enabled by computational design and 
digital fabrication technologies, which is significantly different from solely 
designing digital toolkits, and challenging in its own right. The frame-
work provides insights and a deeper understanding of toolkits and design 
spaces by putting forward a careful examination of both, on a practical 
level as well as on a philosophical level.

Relevance

This research is relevant for three audiences, namely design practitioners, 
the research community, and society at large. This research is relevant 
for designers since it is about the changing role of design practitioners 
and I address this audience by delivering practical guidelines that can 
support designers in their daily practice of developing toolkits and 
variable products. The relevance of this work to the (design) research 
community is that it extends the current understanding and knowledge 
of toolkits, layperson participation in the design process, and the role that 
technology–in this case toolkits–plays in design. This monograph, and 
the previously published papers, are in a format that is appropriate to this 
audience. Finally, this work is relevant to society at large, since it addresses 
democratisation of design by empowering the layperson.

Extensibility

The framework of lay design consisting of principles and guidelines can be 
further developed and refined, and at the end of this chapter I hint at some 
of the possible future directions that this research could take.
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Theoretical Insight: Lay Design as a Way to Anticipate 
Mediations
In chapter 10, I presented a discussion on lay design by using the theory 
of technological mediation. An insight from using this theory is that lay 
design could be seen as a fourth way for anticipating mediations.

I have been discussing sources of mediation, namely the professional 
designer, the lay designer, and the technology, and their agency, and they 
all contribute to the form of mediation that is present: “Technological 
mediations are not intrinsic qualities of technology, then, but come to light 
in complex interactions between designers, users, and the technologies” 
(Verbeek, 2011, p.98). Designers should deal with mediation by trying to 
bridge the gap between the context of design and the context of use since 
technology is multi-stable and will always be interpreted and appropriated 
by users. I have discussed the three methods for anticipating mediations 
in new technologies as proposed by Verbeek (chapter 4). These methods 
are: using the imagination of the designer, Constructive Technology 
Assessment, and the scenario method in combination with virtual reality 
(Verbeek, 2011, p.97-99). I argue that lay design, the use of toolkits by 
non-professionals, is a fourth, complementary way of anticipating media-
tions of new products. Interesting to note is that toolkits themselves also 
bring forth mediations, as discussed in chapter 10.

The three methods for anticipating future mediations all try to establish 
a connection between the context of design and the context of use. They 
all aim to inform the designer during the design process in some way 
or another. Lay design and the use of toolkits takes the third method 
proposed by Verbeek, using scenarios and prototyping with virtual reality, 
in a different direction. Rather than informing designers through proto-
types, in lay design the prototypes are handed out to the layperson that 
will use it in a real life situation and in this way gradually build upon 
the prototype. The boundary between prototype and end-use product is 
blurred and the layperson prototypes him/herself in a continuous cycle. 
Designers do get informed by the layperson and the prototypes, but in a 
real-life setting and in a continuous way.

To conclude, lay design bridges the gap between the context of design 
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and the context of use by moving from imagining mediations to proto-
typing them, both by the professional designer and the layperson. This 
relates directly to one of the five consequences of opening up, namely the 
blurring boundary between prototyping and production, as pointed out 
in the first chapter.

Limitations
One of the limitations when doing this research was the tools I used to 
develop the toolkit prototypes. In studies 6 and 7 I used 3D Studio Max, 
a traditional computer-aided design 3D modelling software, while in 
studies 8 and 9 I used Grasshopper, an algorithmic modelling plug-in for 
Rhinoceros 3D. The latter tool allowed me to develop toolkits and product 
prototypes that I was aiming for while the first tool had many limitations 
and was, in retrospect, not the most suitable tool for the job.

Another recurring constraint was time, for instance the amount of inter-
views in study 9 could have been greater, even though saturation occurred, 
to expand to senior designers and toolkit designers. Also, the toolkit that 
was developed in study 9 was a scripted prototype which was suitable for 
the purpose of the study. Developing a fully functioning prototype for 
testing with lay designers could have been interesting but to do so was 
beyond the time frame of this research.

11.3 Implications: Towards a Convivial 
Society
The work presented in this dissertation and the principles and guidelines 
of lay design proposed in chapter 10 aims to contribute to a convivial 
society. In chapter 3, I discussed the post-industrial society and the notion 
of conviviality, which set the stage for interpreting this research, and I 
now continue to interpret the research presented in this dissertation in 
the sense that I discuss what this research means in the bigger picture. I 
used Illich’s notion of conviviality–defined as, “Tools foster conviviality 
to the extent to which they can be easily used, by anybody, as often or as 
seldom as desired, for the accomplishment of a purpose chosen by the 
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user” (Illich, 1973, p.30)–to position lay design and toolkits since people 
can use toolkits to design when they desire, for the products that they are 
interested in, and on the level they want to, rather than demanding that 
everybody be involved all the time in a professional manner.

Returning to the analogy I made with the music industry in the begin-
ning of this dissertation (chapter 1), I identified five consequences of 
opening up music: the shift from owning music to having music available; 
Accessibility to music production can be seen on three levels, economic, 
technical, and creative; The distinction between the amateur and profes-
sional musician becoming blurred; A change in how success is measured; 
And finally, the blurred boundary between the activity of producing and 
performing music. I relate the first, third, and fourth consequences to the 
implications of lay design.

Social-Cultural Sustainability and Shared Ownership
Whereas consumption of music has become faster, more fragmented, and 
more fluid, consumption of products in lay design might head towards 
the opposite due to the participation of the layperson; One might become 
more aware and considerate when consuming since one gains insight into 
the process, investing one’s time, effort, and resources. This could con-
stitute a social-cultural sustainability which might challenge the current 
consumerist mindset where people simply consume for the sake of it. In 
music, ownership has made place for availability and in design ownership 
could be complemented by owning a part of the design or production 
side of the product. The intellectual property, which was before com-
pletely in the hands of the producer, is now becoming partly open to the 
layperson and could be owned by him/her. This changes completely the 
established doctrine of intellectual property as we know it today, and 
intellectual property might become something that is shared between 
multiple partners rather than something that is anxiously owned by one 
party which tries to prevent any other party from using it.

Value Creation, Meaning and the Good Life
The distinction between amateur and professional in both music and 
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design is fading and can be seen more as a continuum than a binary dis-
tinction. Value is not only created by the professional and consolidated 
when exchanged to the layperson, through so-called exchange value, but 
the layperson creates value him/herself in an economic sense, use value (as 
discussed in “Post-Industrial Society”, chapter 3.2), and also in an emo-
tional sense in the form of meaning. Additionally, the layperson might 
also create exchange value when creating (a part of) a product that is 
exchanged to other lay designers. The implication of lay design regarding 
the creation of meaning and value is the most important and provoking 
to the current paradigm. The shift from sector B to sector A (Toffler, 1980, 
p.266) and the re-evaluation of the work done in the first sector by lay 
designers changes the current model of value creation. Product design is 
no longer only about selling goods and creating profits for companies but 
now deals with the empowered layperson who creates value for his/herself 
and meaning through engaging in the design of products. Subsequently, 
success is no longer on a global scale, but is concerned with the personal 
scale; A layperson can share a design and others can built upon it or adapt 
it, which could be a measure of success. This is quite similar to music 
where chart success is just one form, but streams, (illegal) downloads, 
mash-ups, and remixes are other forms that measure popularity or artistic 
success.

Besides creating economic value, creating meaning through participa-
tion in the design of everyday products is an important motivation and 
argument for lay design. Meaning is created by establishing focal things and 
focal practices, rather than just by striving for consumption and economic 
growth; Therefore, product design should focus on engaging people again 
with the products that surround them in everyday life. Where industrial 
society has commodified almost any good, post-industrial designers 
should find new ways to engage people in the design and use of products 
and put people in touch with the world through meaningful products.

Brand Identity and Product Portfolio
The current focus of companies in product design is on uniform expe-
rience of a brand and its product portfolio. Lay design constitutes a 
collaborative constructed experience between brand and layperson due 
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to the lay designer’s engagement in the design process. There will be no 
such thing as a product catalogue with versions of a product since there 
will not be one default or standard product that is offered by a company. 
Each and every product can be different, created by the layperson to fit 
his/her context, and product can therefore not exist without a particular 
layperson, as described by the notion of personification (chapter 3.5). 
Additionally, the use of computational design in the creation of products 
allow for many, small variations in form and functionality as pointed out 
by the examples presented in chapter 5 and in particular study 8 (chapter 
8). Companies will instead offer variable or fluid products, or even product 
algorithms that have certain qualities but that will not be exactly defined. 
However, this does not mean that companies will not be able to distin-
guish themselves from each other and express a certain identity; However, 
it will be done differently than it is today.

Accountability and Ethics
Lay design brings forth questions about accountability and ethics. Along 
with the increasing freedom and autonomy that the layperson possesses 
through the use of toolkits comes a certain amount of accountability. One 
can think of product liability, for example, which also becomes co-con-
structed. Additionally, the boundary between the activity of prototyping 
and production is fading and this has large implications to legislation and 
awarding quality marks (e.g. CE) to products. Apart from this practical 
aspect of accountability, a deeper, more profound responsibility comes into 
play. Questions about ethics arise in terms of what products or product 
features one can develop with a toolkit and what the consequences of them 
are in use for the layperson him/herself, others around them, and the envi-
ronment. Designers anticipate the mediations of products and, as I have 
proposed in this chapter, they can use toolkits to anticipate the mediations 
of future products by the layperson him/herself. However, the toolkit itself 
is also mediating and because designers give freedom to the layperson to 
design something, the act of lay design becomes an ethical activity where 
one should be aware of the ethical implications of a toolkit. In a sense, lay 
design becomes even more concerned with the consequences of what one 
designs since it is even less predictable and controllable with toolkits than 
it is today with products; Therefore, professional designers should be even 
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more aware and thoughtful about what they design.

On-Demand Digital Fabrication
Lay design is enabled by digital fabrication technologies, particularly 3D 
printing, which enable the fabrication of unique products in an automated 
way and on-demand. The rise of the desktop 3D printer in recent years 
suggests that anybody can own a 3D printer at home and print products 
as desired. I think that access to 3D printers is far more important than 
actually owning the machine and therefore I think that in the near future, 
a service-based model where some own a 3D printer, whether these are 
individuals or companies, and others make use of the fabrication capacity 
will arise. The practical limitations and concerns of having fabrication 
equipment, such as maintenance and material supply, will make fab-
rication in the home unfeasible. The often used phrase of ‘putting the 
fabrication tools in the hands of ordinary people’ should therefore not be 
taken too literally, but should be taken in the sense that people have access 
to it, or own it in collaborative ways, perhaps. Even this would establish an 
enormous shift from today’s industrial society where large companies use 
large manufacturing plants that spit out homogeneous products rather 
than produce on-demand and locally. Having a 3D printer or any other 
fabrication equipment at home is not out of the question, however, but the 
purpose of these machines will probably be different. They might serve 
the purpose of prototyping and repairing existing products.

The question then arises what is fabricated with 3D printing? Will eve-
rything be 3D printed? The two main reasons to use 3D printing are: it 
concerns unique objects rather than series or mass produced objects, and 
if something is designed for 3D printing, it consists of complex, integrated 
geometry and form complexity does not negatively affect this fabrication 
technology. Standardised goods that are needed in large quantities are, by 
definition, more suitable for mass manufacturing processes.

Design Education
Thus far, I discussed the implications of lay design for design practitioners 
(chapter 10) and society at large. I now discuss its implications on design 
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education. Building on the implications lay design has on design prac-
titioners, I already discussed the changing tool-set, skill-set, knowledge, 
and mindset that are required (“Role of Professional Designer”, chapter 
10.2).

Product and interaction design education today are strongly rooted in the 
industrial paradigm, which is concerned with static artefacts, uniform 
brand identity, efficiency, mass markets, and target consumers. Lay design 
requires a different mindset where designers learn how to deal with the 
particular layperson and engage with dynamic and evolving systems that 
can be used to create artefacts. Lay design requires that designers learn 
how to develop and design the tools for others to work with, and develop 
and define the variables. This means that a practical and theoretical under-
standing of computational design (e.g. coding, algorithms, complex and 
mathematical geometry, form finding) and digital fabrication technolo-
gies, such as 3D printing, are needed in order to develop digital-physical 
toolkits as proposed in this research.

Basic understandings in product design education, such as form creation, 
need to be overturned in order to rebuild them from a post-industrial 
perspective with lay design in mind. Also, the use of the computer in the 
design process, specifically the role of computer-aided design software, 
will change since CAD software fulfils a very different role compared to 
algorithmic geometry software, e.g. Grasshopper, in the development 
of geometry. Whereas the former is mainly used to represent a design, 
the latter is used to develop, define, and refine an idea about geometry. 
Furthermore, presentation of the final design, now often done by static 
renderings of a computer model, requires a different approach since there 
is no original design but merely variations and mutations.

These are a few aspects that come to mind when thinking about the impli-
cations that this research and the proposed approach of lay design have 
on design education. These implications urge us to fundamentally rethink 
what it is that we design and how we use the tools and techniques that we 
take for granted in today’s design education and design practice.
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Discussing Objections to Lay Design
Throughout this dissertation I have argued for lay design and in chapter 
10 I presented principles and guidelines of lay design. In this section, I 
discuss three commonly voiced objections to opening up design, which 
are: Not everybody can be a designer (objection 1), People have a certain 
mindset and believe in myths that sustain the current paradigm (objection 
2), and Look at that company, opening up design doesn’t work! (objection 
3).

Objection 1: Not Everybody Can Be a Designer

I tackle this objection in two parts. First, I look at Illich’s refutation of the 
objection that “not everybody can be a lawyer” (Illich, 1973, p.108), and 
second, I look at product liability as the problematic aspect that is used to 
argue in favour of only causal lay design activities.

In Tools for Conviviality, Ivan Illich objects to the statement that not eve-
rybody can be a lawyer by arguing that a “much wider scope could be 
given to alternative mechanisms to allow for greater participation by the 
nonprofessional, such as mediation, conciliation, and arbitration” (Illich, 
1973, p.108) and that it can be “decentralised, demystified, and debureau-
cratised” even though it still might require “some experts to operate it”, 
which does not necessarily mean that “such experts have to be graduates 
of a law school, or that they must be members of a closed profession” 
(Illich, 1973, p.109). The second part means that the one who engages in 
the design of products, whether or not through the use of toolkits, does 
not have to be a graduate from a distinguished design school, but might 
be a layperson.

An argument that supports the objection is that the layperson does not 
have the sensitivity, expertise, and knowledge of designers and this is 
true for the area of design, but as pointed out in schema I (chapter 1), 
the layperson is the expert in knowing his/her own context, needs, and 
desires. Cruickshank and Atkinson argue for the layperson to be engaged 
in design, but only for casual activities and not for what they call critical 
design activities because of product liability (Cruickshank & Atkinson, 
2013, p.13). To counter this, product liability is a product of industrial 
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society where the user is detached from the production of products. The 
involvement of the layperson in the design process makes them aware of 
how things are made and, possibly, if manufactured in a transparent way, 
makes them able to identify problems and possibly repair or even redesign 
the objects. Liability is an issue in a non-transparent industrial society 
where things are thrown at consumers and these consumers are helpless as 
soon as something breaks down, where they rely on customer service and 
guarantees, and companies are in fear of being sued because consumers 
did not behave (read: use the product) in the way they intended them to.

Objection 2: People Have a Certain Mindset and Believe in Myths That 

Sustain the Current Paradigm

The second objection that I tackle concerns the mindset that people have, 
in this case the mindset that is concerned with the industrial paradigm. 
Again, I refer to Illich, who states that “persons who now operate the law 
as a social tool are deeply infected with the myths that pervade a growth 
society” and “their imagination of the possible and of the feasible is deter-
mined by the lore of industry” (Illich, 1973, p.109). This can be applied 
to design and it becomes: persons who now work in design practice are 
deeply infected with the myths that pervade a growth society. In study 9, 
I saw that an interviewee was aware of this when she said that she might 
give the answers that “…protect my profession…” (study 9, chapter 9). In 
this study, the interviewees became self-reflective of the role they fulfil in 
their company and society at large and I think this is the first step that is 
required to change the paradigm. One has to go beyond the current rules 
and habits to see and explore alternatives.

Exploring alternatives can be done since the paradigm is not something 
that is simply given but is shaped by those involved. Illich states in regard 
to law that “The resulting content of the law embodies the ideologies of 
lawmakers and judges. How they experience the ideology inherent in a 
culture becomes established mythology in the laws they make and apply” 
(Illich, 1973, p.109). To return to design education, it is not simply a set 
of courses or a curricula, but is a continuing process by which those cur-
ricula are made and then applied in practice.
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Objection 3: Look at That Company, Opening Up Design Doesn’t Work!

The third objection is often used to downplay the involvement of the 
layperson by referring to a company that is at the moment very (economi-
cally) successful with a closed strategy. Additionally, the alleged quote 
from Henry Ford, “If you ask people what they want, they say a faster 
horse”1, is used to depreciate what the layperson knows about his/her own 
needs and desires.

Here, it is important to make a distinction between innovation and inven-
tion. Innovation can be defined as “the successful exploitation of an idea” 
(Cruickshank & Atkinson, 2013, p.9) while invention is the creation of a 
new and novel idea. A layperson could make a revolutionary invention 
but that does not mean that he/she is able to innovate in the sense that the 
invention becomes as successful product or company. The reverse has also 
been seen in a company like Apple, where the technology is not new but 
the implementation has been very successful (Cruickshank & Atkinson, 
2013, p.10). This brings us to the notion of exploitation, which is an indus-
trial or capitalist aspiration, and the question it elicits is how it would look 
in a post-industrial society where values such as conviviality rule.

To conclude, I have discussed three commonly voiced objections to 
opening up design by using arguments and values of post-industrial 
society.

11.4 Future Research Directions
Following the research presented in this dissertation, I present future 
research directions that widen and deepen lay design and the theme of 
opening up design. The framework that is presented in this monograph 
can be developed through investigating the following topics:

 › Engagement of the layperson in design: how to further break down 
the barrier for the layperson to engage in design in order to pull 
down the consumerist mindset and instead cherish an imaginative 
mindset;

 › Establishing focal practices where the layperson designs and uses 
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digital-physical toolkits;

 › De-commodifying goods: can goods that have become commodities 
in the industrial paradigm be de-commodified and what would this 
mean?;

 › Develop and experiment with tangible toolkits to further explore the 
design process of the layperson;

 › Exploration of computational design and 3D printing for everyday 
products.

The framework presented in this dissertation is a first step in establishing 
a pragmatic outline for profound participation of the layperson in the 
design of everyday products that can be designed in a digital environ-
ment and produced with digital fabrication technologies. This framework 
is not a finished solution but rather a prototype that could and–hopefully 
will–be developed further.

Notes:
1: Henry Ford, Innovation, and That “Faster Horse” Quote, Patrick Vlaskovits, 29 August 2011, 
Harvard Business Review, https://hbr.org/2011/08/henry-ford-never-said-the-fast/, last visited: 9 
June 2015



Publications | 333

Publications
List of publications that preceded this monograph.

Hermans, G. (2015). Investigating Lay Design through Prototyping a 
Toolkit for Audio Equipment. In Research Through Design. Cambridge, 
England.

Hermans, G. (2014). Investigating the Unexplored Possibilities of Digital 
– Physical Toolkits in Lay Design. International Journal of Design, 8(2), 
15–28.

Hermans, G., & Valtonen, A. (2014). Investigating the Changing Relation 
between Consumer and Designer in Post-Industrial Design. DRS 2014. 
Umeå, Sweden: Umeå University.

Hermans, G. (2013). Wordpress of Objects: Addressing Layman 
Participation in a Post-Industrial Society. In UbiComp ’13 Adjunct (pp. 
945–950). New York, NY, USA: ACM. doi:10.1145/2494091.2499206

Hermans, G. (2013). Identifying User-as-Designer Behaviors When 
Designing By Using Toolkits. In 10th European Academy of Design 
Conference Crafting the Future (pp. 1–12). Gothenburg, Sweden.

Hermans, G. (2012). A Model for Evaluating the Solution Space of 
Mass Customization Toolkits. In International Journal of Industrial 
Engineering and Management (Vol. 3, pp. 205–214). Novi Sad, Serbia.

Hermans, G. (2012). A Model For Evaluating Mass Customization 
Toolkits. In 5th International Conference on Mass Customization and 
Personalization in Central-Europe. Novi Sad, Serbia.

Hermans, G., & Stolterman, E. (2012). Exploring Parametric Design: 
Consumer Customization of an Everyday Object. In DRS 2012. Bangkok, 
Thailand: Chulalongkorn University.

Hermans, G. (2011). A Comparison of Mass Customization Toolkits for 
Consumer Products Produced by Rapid Manufacturing. In 2011 World 
Conference on Mass Customization, Personalization and Co-Creation. 
RWTH Aachen University.



334 | Opening Up Design

Schemas
List of the 16 schemas that were developed in this dissertation.

Schema I Lay: Layperson and professional designer and their respective 
areas of expertise and naivety in design and in context – chapter 1, figure 
1-1, page 5

Schema II Purpose: Overview of the purpose - opening up design to-
wards prosumption - and the basic constitution of actors, i.e. professional 
designer, toolkit and layperson – chapter 1, figure 1-2, page 9

Schema III Contribution: Mapping of the contribution of this disserta-
tion in the form of principles and guidelines; this schema, with vertically 
an increasing level of abstraction and horizontally an increasing level 
of application, is based on the model of intermediate-level knowledge 
(Löwgren, 2013) and the four-quadrant model (Stappers, 2007) – chapter 
2, figure 2-1, page 25

Schema IV Methodological Structure: Visualisation of the methodologi-
cal structure of the research consisting of objective and research questions, 
arch and intended outcome – chapter 2, figure 2-2, page 29

Schema V Design Space Hierarchy: Design space hierarchy, from design 
universe, to design spaces, to the ultimate particular – chapter 2, figure 
2-4, page 41

Schema VI Paradigm Roles: Relations between designer, manufacturer 
and consumer in non-, pre-, industrial and post-industrial paradigms – 
chapter 3, figure 3-1, page 50

Schema VII Form Finding Approach: Sketch of an alternative form find-
ing approach – chapter 5, figure 5-1, page 109

Schema VIII Mapping of Toolkits: Mapping of toolkits along the two 
dimensions scope of toolkit and competence of user in the domains of 
digital music production, content management systems, construction and 
prototyping and 3D content creation – chapter 7, figure 7, page 134-135
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Schema IX Disseminating Design Space Model: Visualisation of target 
outcome with four quadrants for the different mechanisms and seven lay-
ers for the product attributes – chapter 7, figure 7-2, page 144

Schema X Lay Design Model: Lay design model with the four quad-
rants restrictive, open, technique and exploratory. Adapted from Dahl & 
Moreau (2007, p.358) and Sanders & Stappers (2008, p.12) – chapter 7, 
figure 7-3, page 155

Schema XI Lay Designer Continuum: Lay designer continuum, from 
adaptor, to maker, to explorer, to creator, adopted from Sanders (2006) – 
chapter 7, figure 7-5, page 161

Schema XII Tactics: Tactics for individuality – chapter 7, figure 7-6, page 
164

Schema XIII Lay Designer Characters: Visualisation of the lay designer 
characters Settler and Voyager and Stroller and Horseman – chapter 8, 
figure 8-9, page 203

Schema XIV Framework of Lay Design: Visualisation of the proposed 
framework with principles and guidelines – chapter 10, figure 10-1, page 
287

Schema XV Toolkits as Things and Devices: Positioning toolkits as 
Devices and Engaging Devices in schema VIII Mapping of Toolkits with 
friendliness path commodifying design skills and literacy path empower-
ing lay people – chapter 10, figure 10-2, page 292

Schema XVI Intentionalities: Toolkit mediation model with the herme-
neutic part with four intentionalities where the human interprets the 
world through a toolkit; and the existential part with six forms of agency 
where the human acts in the world through a toolkit – chapter 10, figure 
10-3, page 295
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Glossary
A clarification of the most important terms used throughout this disserta-
tion with the chapter section between brackets.

3D Content Creation (2.5): Toolkits that enable the customisation, mak-
ing, or design of consumer products.

3D Printing (6.1): Popular name for additive manufacturing and there-
fore used to refer to additive manufacturing technology in general.

Additive manufacturing (6.1): Manufacturing technology that pro-
duces three dimensional objects by solidifying layer-by-layer powder or 
liquid material; In contrast to subtractive or formative manufacturing 
technologies.

Actor (2.5): The entities that play a central role in lay design: the human 
actors – layperson and professional designer – and the technological actor 
– toolkits.

Appropriation (7.5): One dimension of Personification; The notion of 
contextualising a design to a particular layperson context, need, desire, 
or environment.

Consumer (2.5, 3.2): Consumer is used to refer to the one who consumes 
goods and is typically not involved in the design or manufacturing of 
these goods.

Conviviality (3.2): Notion, put forward by Ivan Illich, referring to a con-
vivial society that is seen as opposite to an industrial society and which is 
not dominated by industry but focuses on creative activities done by the 
layperson.

Design space (2.5): The space of potential outcomes in which the user is 
able to create a design.

Designer (2.5): A person who is trained and/or experienced in the devel-
opment of products and does so in a professional capacity.
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Device (4.3, 10.2): Technological object that gives access to commodities.

Digitalisation (1.1, 6.3): Process of converting information into a digital 
format, in this case it is used to refer to the information to fabricate a 
product.

Digital-Physical Toolkits (2.5): A specific type of toolkit that uses a dig-
ital file as input and has a physical product as output; This research is 
focused on these type of toolkits.

Emergence (7.5): One dimension of Personification; An explorative proc-
ess with a direction but without a determined end point.

Engaging device (4.3, 10.2): Technological object that stimulates a focal 
practice and is engaging to use.

Friendliness (10.2): A way to bridge the gap between easy-to-use toolkits 
and professional toolkits by simplifying the advanced tools.

Layperson (1.2, 2.5): A person who is not trained or experienced as a 
product designer.

Lay designer (1.2, 2.5): A person who is not trained or experienced in 
design but is actively engaged in designing personal products by using a 
toolkit.

Lay design (2.5): A new design practice investigated in this dissertation, 
which actively incorporates the layperson in the design of everyday prod-
ucts through the use of toolkits and 3D printing.

Literacy (10.2): A way to bridge the gap between easy-to-use toolkits 
and professional toolkits by creating a learning curve and increasing 
accessibility.

Mechanism (7.3): A way to enable variability, there are four mechanisms 
identified: veneer, modularity, parametric, and generative.

Opening Up Design (1.3): Making design available to all, in other words 
democratising design.
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Openness (7.6): Openness is defined by two dimensions: the indeter-
minacy of the outcome of a lay design process and unknowability of the 
layperson’s competence.

Personification (3.5, 7.5): A way to create truly individual products that 
do not exist without its owner.

Post-industrial design (3.3): A paradigm that is not ruled by mass manu-
facturing but rather by local and on-demand production, markets of one, 
and an active role for the layperson in design.

Professional designer: see Designer

Prosumption (1.1, 3.2): Notion, put forward by Toffler, which states that 
the layperson is no longer only involved in the consumption but also in 
the production of goods.

Solution space: see Design space

Tactic (7.4): A term used to depict different strategies to create individual-
ity: choice, customisation, and personification.

Thing (4.3, 10.2): A commanding object that establishes a focal practice.

Tool (2.5): Analog or digital instrument used to perform an operation or 
action. A tool can be part of a toolkit.

Toolkit (2.5): A set of tools aimed at a particular purpose, in this disserta-
tion toolkits are defined as software applications that enable the layperson 
to design products that can be fabricated with 3D printing.

Value creation (3.2): The creation of economical, emotional value, and 
meaning.

Variability (5.1): The possibilities of openness in regard to the product or 
outcome of a toolkit, see also Variable Products.

Variable Products (10.3): The products designed by the layperson – the 
outcomes of a toolkit.



Digital Appendices
In the digital appendices additional material can be found such as toolkit 
prototypes and videos, this material can be accessed through 

www.openingupdesign.se/appendices
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