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Abstract 
Digital fabrication technologies such as 3D printing is predicted to have a significant 
impact on our future society. However, the complexity of current 3D modelling softwares  
risk deterring novices from engaging with the technology. In this thesis, a series of 
workshops were conducted to explore the implications for novices to create models out of 
tangible materials such as clay, paper and LEGO, that were then scanned and printed with 
a 3D printer. The results show that while the tangible materials create engaging 
opportunities for novices to engage with digital fabrication technologies such as 3D 
printing, the materials also provide limitations and constraints depending on their physical 
properties.  

Keywords: Digital fabrication, Novices, 3D printing, Maker movement, Embodied 
interaction, Tangible materials 

1. Introduction and Research Question 
The term digital fabrication refers to a manufacturing process where a computer and a 
machine work together to make things. As these kinds of tools now start to become accessible 
to the public, digital fabrication is being perceived by some to grow into a third industrial 
revolution (Gershenfeld, 2005, 2012), following the era of industrialisation and mass 
production (Hermans, 2015). The concept of mass production relies on a centralised system 
where a few factories produce for a market of many with a one-size-fits-all approach 
(Hermans, 2015, p.59), resulting in products that are not really made for anyone. However, 
digital fabrication is opening up for the consumers to take on an active role in shaping and 
designing their own products. This new shift has been made possible through the emergence 
of additive manufacturing technologies, such as 3D (three dimensional) printers. These 
technologies allow their users to create personalised objects for a market based on a single 
person, themselves (Gershenfeld, 2012). The affordable cost of 3D printers have made them 
accessible for the general public through FabLabs and other maker-spaces (Hudson, Alcock, 
& Chilana, 2016) which usually provide access to printers either for free or at reasonable 
rates.  

In the field of HCI, researchers have explored future uses of digital fabrication in various 
contexts such as homes (Shewbridge, Hurst, & Kane, 2014), education (Blikstein, 2013), and 
maker spaces (Hermans, 2015) in order to understand how the technology can be utilised in 
society once it becomes widespread with a broad user base. Despite the attention directed to 
the field of digital fabrication, the challenges inexperienced users face remain unexplored to a 
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great extent. However, in a study by Hudson, et al. (2016), the authors point towards several 
barriers that deter inexperienced users (which they refer to as casual makers) from using 3D 
printers. The study shows that each step in the process of 3D printing contains its own 
unique challenges that casual makers struggle with. One of the first barriers casual makers 
encounter is to transform their idea or concept into a 3D model (Hudson et al., 2016). This 
often proves to be easier said than done, as current modelling software tends to be overly 
complex and too confusing for casual makers to manage on their own (Hudson et al., 2016). 
Despite their complexity and the highly professional contexts they are frequently used within, 
many 3D modelling softwares seem to neglect one of mankind's most versatile and refined 
tools, our hands (Gershenfeld, 2005). This would suggest that new ways of interaction are 
required to address these challenges inexperienced users face – or novices, as I will refer to 
them in this thesis .  

In Human Computer Interaction and interaction design, concepts such as embodied 
interaction deal with the idea of merging the digital and physical. In doing so, interaction is 
grounded in the everyday experiences and activities we participate in. (Dourish, 2004). Its 
approach to interaction design has inspired new tangible ways to interact with digital 
fabrication technologies, such as 3D-space sketching softwares and voice controlled 
fabrication (Willis & Lin et al., 2010, and Willis & Xu et al., 2010).  

The fact that many of us are familiar with working and playing with tangible materials and 
the existing gap of novice-friendly interaction for 3D printers have resulted in the following 
research question:  

How can the maker process for novices be made more accessible through the use 
of tangible tools and materials in the context of digital fabrication?

To answer  this  question a  series  of  workshops were conducted where novices  have been 
encouraged to explore the physical materiality and its transaction to digital materiality by 
creating objects in physical materials such as paper, clay and LEGO. Later on, these objects 
were scanned and printed with a 3D printer. Observations made throughout the workshops, 
and  questionnaires  filled  in  by  the  workshop  participants  have  provided  the  study  with 
qualitative  data.  The  results  found  in  the  data  has  then  been  presented  and  discussed  in 
regards to previous studies in the fields of Digital fabrication, maker movement and embodied 
interaction.  Finally,  a few conclusions about the benefits and limitations of the study and 
suggestions for future research has been made.  

2. Related Research 
In the following section, I will describe some of the most relevant literature and research that 
has previously been done within respective field and which work has guided and inspired this 
study.  

2.1 Digital Fabrication  
The idea of using computers in a manufacturing process is far from new, the first computer-
aided fabrication took place at MIT back in 1952. There, a group of researchers combined a 
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milling machine with an early version of a digital computer and were as a result able to mill 
objects with a precision that was far exceeding the capabilities of any human (Gershenfeld, 
2012). The use of computer-aided machines made it possible for engineers to create intricate 
designs for mechanical parts that are nowadays being used in everything from airplanes to 
toasters (Gershenfeld, 2012). This particular process, whereby excess material is removed in 
order to achieve the desired shape of an object, is called subtractive manufacturing. In the 
1980’s a new innovation in the field of fabrication was made, namely additive manufacturing. 
As the name suggests, additive manufacturing is based on adding – rather than removing – 
material. Additive manufacturing does not only reduce the amount of waste in a production 
process, it also provides the advantage of giving the operator full control of the fabricated 
object’s inner structure, and not merely its surface (Gershenfeld, 2012).  

One example of additive manufacturing is 3D printing. The process of 3D printing can 
generally be summarised in three steps. First, a 3D model of the object to be printed is made 
in a modelling software, like SketchUp , Fusion 360  or Blender . Secondly, the file is then 1 2 3

imported into a slicer  software that translates the 3D model into instructions that the 3D 4

printer can understand. The third and final step is to print the object. The actual printing 
process can be done in a number of different ways, depending on what kind of printer is 
being used. Some printers eject melted plastic from a fine nozzle into tiny lines, building layer 
upon layer until there is a finished object. Others use a laser beam to harden a liquid or 
powder material spread over a surface, repeating the task (similar to the previous example) 
layer by layer until the finished print has emerged from the building material (Anderson, 
2012). A number of different materials can be used for 3D printing, ranging from various 
kinds of plastics (ABS, PLA, nylon) and metals (steel, brass, titanium) to ceramics and wood-
composites (Oxman, Keating, & Tsai, 2011). This process, from idea to finished print, will be 
referred to in this thesis as the making process when focus lies on the item being made, or 
maker process when referring to the person being involved in making something. 

3D printers have existed in various industries for quite some time, where they have mainly 
been used as rapid prototyping tools, since the average print-time is too slow to support or 
motivate any sort of mass production. However, Neil Gershenfeld – professor at MIT and 
head of its Center for Bits and Atoms – argues that the true potential for 3D printing and 
other digital fabrication technologies does not lie in mass production, but rather in personal 
fabrication (2005). Personal fabrication means that the person who will use a product is the 
one who makes it, and inherently makes sure it is customised to his or her personal 
preferences and needs (Gershenfeld, 2005 & 2012). It is however not likely that personal 
fabrication will replace super markets and stores, but rather co-exist as an option to create 
the things that, for whatever reason, are not mass produced (Gershenfeld, 2005). Once again, 
the concept is far from new, if anything it is a return to the very roots of mankind – dating 
back to ancient hunters and gatherer societies, when people were left with little choice other 

 https://www.sketchup.com/sv1

 https://www.autodesk.com/products/fusion-360/overview2

 https://www.blender.org/3

 https://ultimaker.com/en/products/ultimaker-cura-software4
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than to craft their own tools and belongings. One of the earliest examples of 3D printers that 
were targeted towards the public rather than industries was the open-source printer RepRap, 
which was released in 2007, and was later followed by the MakerBot in 2009 (Anderson, 
2012, p.20). The notion of 3D printers for the public has triggered an interest in the HCI-
research community to explore the future potential and the impact 3D printers might have on 
our society.  

Shewbridge, Hurst, & Kane (2014) explored the role of personal fabricators in homes by 
placing faux 3D printers in ten homes over a duration of four weeks. During this time, logs 
were kept by participants that were used to note down any items they would like to print. The 
study also included a number of design probes in the form of prompt cards. The cards – 
divided into categories such as ”Replacing and Repairing” and ”Customising and Modifying” 
– contained questions that would provoke participants to think and reflect upon possible 
uses of the 3D printer and inspire items to print. It was found that the participants used the 
faux printers for three main activities: ”replicating existing objects”, ”modifying and 
customising existing objects” and ”creating new custom objects” (Shewbridge et al., 2014). 
However, many of the limitations of current 3D printers were not taken into account as 
participants were instructed to think of the faux printer as a ”printer that could print any 3D 
object” (Shewbridge et al., 2014, p.818). To have a more accurate correlation to the uses of 3D 
printers available today, a more detailed description might have been necessary. 
Consequently, some participants submitted objects such as DVDs and Video Game consoles 
to be printed.  

In another study, the authors point out that there are several barriers that deter casual 
makers from using 3D printers (Hudson, Alcock, & Chilana, 2016). The study was conducted 
with participants who had attended public print centres that were located in schools, 
universities and libraries. It was found that each step in the process of 3D printing contains 
its own unique challenges that casual makers struggle with. This makes them highly 
dependent on the print center staff or operators, in order to successfully realise their 
concepts. However, the staff was often not very familiar with the 3D printers themselves, 
mostly due to a lack of formal training in fabrication, and were not always able to solve the 
issues casual makers experienced.  

One of the first barriers casual makers encountered  was to translate their idea or concept 
into a 3D model (Hudson et al., 2016). As described previously, a 3D model is necessary since 
it acts as the blueprint for the 3D printer, and thus this step is a vital part of the making 
process. Unfortunately, the 3D modelling software used by the casual makers often proved to 
be both overly complex and too confusing for them to use efficiently. Hudson et al. suggest 
that the workflow of casual makers should be taken into account when creating fabrication 
tools in the future (2016).  

This doesn’t mean that all current 3D modelling software are bad or useless. However, 
more often than not this kind of software is created by professionals, for professionals, and 
adapted for their level of skill and requirements (Gerchenfeld, 2005). However, the high 
entry-level to many 3D modelling softwares have resulted in opportunities for new services. 
Many video and computer games within the roleplaying genre contain a so-called character 
creator, where players can design their own unique character; choosing every feature from 
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hair and skin colour to nose width and ear size. Usually the game contains a large library of 
pre-made features that players can edit to their liking by handles to change size, width, length 
and so on. Figureprints.com  allow users to order a 3D printed version of their personal 5

avatars from the roleplaying game World of Warcraft. Heroforge.com  is a website that work  6

in similar way, although not based on any specific game. The site provides a wide range of 
pre-made faces, clothes, and equipment that can be combined to create unique roll-playing 
characters for various tabletop board-games, such as Dungeons and Dragons. The customer 
can then choose to have Heroforge.com print the character in a plastic or metal, or buy the 
digital file at a lower cost and print it themselves. These are two examples of services that 
have attempted to lower the level of skill required for their customers to create unique 3D 
printed models, although for a very specific purpose.   

Img. 1: Screen-cap from Heroforge.com 

2.2 Maker movement  
Another field that has received increasing interest from HCI during the past decade is the 
Maker movement (Lindtner, Hertz, & Dourish, 2014, Tanenbaum et al., 2013). The origins of 
the maker movement can be traced back to a Do-It-Yourself (DIY) culture that started  
gaining a lot of popularity in the United States during the 1950’s and 1960’s (Jencks & Silver, 
2013). The Second World War had made certain tools and equipment hard to come by, 
resulting in people crafting the things they needed themselves, which eventually evolved into 
its own culture.  

In this thesis I make a distinction between makers, enthusiasts active within the maker 
community who actively seek out knowledge and educate themselves in fabrication 
technologies (often by simply making things), and novices who have not had the time or 

 http://www.figureprints.com/wow/5

 https://www.heroforge.com/6
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opportunity to familiarise themselves with said technologies, and accordingly adapt a more 
sporadic, walk-up-and-use approach – similar to the casual makers described in the study by 
Hudson et al. (2016), (although not being limited to print centres).  

The Maker movement today is characterised by its desire to democratise technology and 
enable people to use it as a means to fulfil personal needs. Another motivation among makers 
is to have an active role in designing their own things, a counter-reaction to the Industrial 
Society where production is being managed by professionals (eg. designers and 
manufacturers) and has consequently rendered non-professionals as passive consumers, 
limited to purchase what is being offered (Hermans, 2015 & Lindtner et al. 2014). 
Gershenfeld (2005) refers to this notion as a strive towards understanding the things and 
products we surround ourselves with, a practical literacy which opposes the fact that many 
products today are being black-boxed, meaning they are constructed to hide their internal 
processes from their owners.   

Similar to how the Web and social media platforms have enabled non-professionals to 
create and share their own content – such as blogs, images, videos and music – digital 
fabrication tools now enable makers to create and share physical objects. Websites like 
Thingiverse.com  allow makers to share the print-files of objects they have made, which 7

anyone can then download and print. For example, a juice press designed in Brazil could be 
downloaded and printed in Norway.   

However, most fabrication equipment is still quite costly even for the most eccentric 
maker, ranging between a couple of thousands Swedish Kronor (SEK) to tens of thousands 
SEK for a (non-industrial) 3D printer alone. Fortunately enough, everyone doesn’t need to 
own their own printers to engage in the maker community. Central to the movement are so 
called maker spaces, FabLabs and TechShops, usually consisting of a local workshop or 
similar space where makers can meet, share ideas and work with a range of fabrication tools,  
software and hardware. There are both non-profit and commercial maker spaces, their main 
difference compared to public print centres however is that maker spaces are often run or 
used by technologically literate enthusiast that are familiar and skilled with the tools and 
equipment available (Hudson et al., 2016).  

FabLab is one example of a maker space, a concept initiated by MIT-professor Neil 
Gershenfeld (2005). FabLabs are built on a franchise concept and are all equipped with the 
same basic fabrication tools, such as 3D printers, laser cutters, and milling machines, as well 
as a set of components and crafting materials. This ensures that no matter which FabLab you 
visit (or in which country for that matter), you will always find the same baseline-set of tools. 
FabLabs have proved to be a both useful and popular concept and can now be found all over 
the world, from rural India to downtown Boston (Gershenfeld, 2005). 

Contrary to what is often described in HCI research as a hobby or amateur practise 
(Tanenbaum et al. 2013) the maker spaces are evolving into a new site where innovation is 
taking place in parallel with traditional HCI and industry research (Lindtner et al. 2014).  A 
recent study revealed that some makers active in maker spaces bring their fabrication 
knowledge into a professional context, collaborating with manufacturers and turning their 
prototypes into products that are released to the mass market (Lindtner et al. 2014).. Maker 

 https://www.thingiverse.com/7
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spaces all over the world have come to act as both formal and informal incubators by hosting 
start-ups and innovators active within hardware development, the MakerBot 3D printer 
being one example of a product emerging from a maker space setting (Lindtner et al. 2014).  

2.3 Tangibility and Embodied Interaction 
Embodied interaction is an approach to interaction design concerned with the physical and 
social realities of the world users and computers share, introduced by Paul Dourish (2004). 
Influenced by the work of Husserl, Heidegger, Schutz, and Merleau-Ponty regarding 
phenomenology, which Dourish describes as ”a branch of philosophy that is principally 
concerned with the elements of human experience” (Dourish, 2004, p.103). In addition, the 
work created by J.J Gibson regarding affordance have had a considerable impact on 
embodied interaction, as well as the field of HCI in general (Dourish, 2004). Affordance in 
this context relate to what the properties of an artefact tell us about how it should be used. 
Embodiment is grounded in common everyday activities and actions that take place in the 
world, and argues that it is through our actions in the world that we can understand it. Thus, 
it is not a physical manifestation, but rather a participative status. Dourish defines embodied 
interaction in the following way: ”Embodied Interaction is the creation, manipulation and 
sharing of meaning through engaged interaction with artefacts” (Dourish, 2004, p. 126).  

The concept of embodied interaction is summarised in six principles: Computation is a 
medium; Meaning arises on multiple levels; Users, not designers, create and communicate 
meaning; Users, not designers, manage coupling; Embodied technologies participate in the 
world they represent; and Embodied interaction turns action into meaning (Dourish, 2004). 
Dourish underlines that the principles should not be viewed as rules or guides, but rather 
comments on the overlapping features it possess (Dourish, 2004). To some extent they 
describe the ways in which meaning and purpose is not inherent in a system, but arises when 
a user interacts with it as a means to reach a specific goal or outcome. Thus, only a user, not 
the designer, can bring meaning into a system through their activities. The designers 
responsibilities concern ”form and function” as well as how a system can be interacted with, 
its use, while meaning does not occur until the system is included in a user’s practice 
(Dourish, 2004). 

There has been some research exploring the implications of embodied interaction in 
regards to non-GUI (graphical user interfaces) and digital fabrication. One study focused on  
how direct manipulation could be implemented into digital fabrication, arguing that the 
current workflow put to much distance between the creative input and the final physical 
output, consisting of many steps across serval mediums (Willis & Xu et al, 2010). To this end, 
three prototype devices supporting different approaches to interactive fabrication (digital 
fabrication done in real-time) were created. Each system was  equipped with an embodied 
interface that allowed physical action to directly control the fabrication process. One of them, 
the Speaker, used sound input to sculpt metal wires, translating the sound waves into 
physical shapes and thus encoding the artifact with the meaning of said words. An example 
was  metal earrings shaped by the words ’I love you’ (Willis & Xu et al, 2010).  

The Spatial Sketch is a 3D sketch application that is used for digital fabrication of 
customised lamp shades (Willis & Lin et al. 2010). Rather than drawing in 2D on a surface, 
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the Spatial Sketch allows users to draw in a physical space with the use of a infrared pen light 
that is being tracked by two infrared cameras. The users are provided with visual feedback of 
their actions in real-time through a display to assist navigation in the three dimensional 
space. The sketch is then transformed into slices for fabrication in planar material, such as 
sheets of wood, cardboard or paper, that are cut with a laser cutter. Since the embodied 
interaction was grounded in the real experience of drawing, the users were able to engage 
with the Spatial Sketch despite being unfamiliar with the systems interface. Although some 
users initially struggled with the navigation, not being used to be drawing in three 
dimensions, the experience was generally perceived as engaging. The authors advocate 
further research exploring the possibilities embodied interaction can bring to non-GUIs to 
support creativity within digital fabrication (Willis & Lin et al. 2010).  

2.4 3D Scanning 
3D scanning refers to the process of digitising an existing object using technology to capture 
and translate its shape into a computer model (Gershenfeld, 2005). It is worth pointing out 
that 3D scanning doesn’t result in an exact replication of an object, but rather a very precise 
estimation of its form, and neither does it provide any clues in regard to the objects the inner 
structure (Sadar & Chyon, 2011).  

As of today there are a number of ways to scan an object. Laser triangulation- and 
Structured Light-3D scanning are measuring the deformation of a laser ray or light pattern, 
while photogrammetry use 2D images taken from every angle of an object to make a 3D 
model. Contact based scanning on the other hand relies on a measuring probe that is used to 
trace the surface of an object (Aniwaa, n.d.). Regardless of the method, 3D scanning 
effectively reverses the digital fabrication process by turning physical matter into bits that 
can be edited and changed in a computer (Andersson, 2012). Such technologies are mainly 
used by professionals active in industries such as engineering, dental, jewellery or special 
effects (Aniwaa, n.d.). One such example is Weta Digital , a New Zealand based VFX studio,  8

which utilised 3D scanning back in the early 2000s to create some of the beasts and creatures 
featured in The Lord of the Rings-trilogy. Finely detailed sculptures were created by the arts 
department and then scanned to provide the visual effects team with 3D models as a way to 
work around the limitations of 3D modelling softwares at the time. 

Similar to 3D printers, 3D scanners made for consumers rather than professionals now 
begin to emerge on the market. Although they currently lack the resolution and high fidelity 
found in their industry counterparts, the quality will increase as cost for the technology 
become more affordable over time and potentially lead to a future where our smartphone 
cameras support 3D scanning capabilities (Andersson, 2012). 

 https://www.wetafx.co.nz/8
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Img. 2: Process at Weta Digital. Images captured by the author, property of New Line 
Cinema.   

3. Research methodology 
Here I will present the methods used for the data gathering for the study in addition to how 
the sample and recruitment of participants was made.  

Innovative exploration & Participatory design workshops 
Conducting innovative exploration sessions and workshops is a common method used within  
the field of HCI (Muller & Druin, 2012). The structure of a workshop is dependent on the 
desired outcome of the session, and occasionally new approaches have to be invented in 
order to to succeed. The aim of this study was to explore a more tangible approach for novices 
to engage with Digital fabrication. To achieve this goal, a series of workshops were conducted 
where participants had the opportunity to physically work with materials and tools to create 
objects they wanted to 3D print. The finished objects were scanned and printed in a separate 
session and delivered to the participants. The workshops were to a great extent invented and 
and iterated upon throughout the study, as there were no previous example to follow. This 
allowed new insights and knowledge that were learned to shape and improve the process over 
time. Although this particular kind of workshops have not, to the best of the authors 
knowledge, been conducted before, there are similar examples.  

Future workshops, one of the most well-known participatory design methods, are 
conducted through three stages: Criticising the present, Envisioning the future, and 
Implementing (how to reach this desired future) (Muller & Druin, 2012, p.20). Parallels can 
be drawn between these two approaches, as both are concerned with  solving an issue 
existing in the present. The difference in this case however, is that rather than including all 
three stages in one workshop the focus has been on the second and third: envisioning the 
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future and exploring a way of implementation. Far from being neglected though, the first 
stage, on the contrary, has already been addressed. We clearly have a critique of the present: 
3D printing is inaccessible to novices due to overly complex 3D modelling software. There is 
also a vision for the future: what if casual makers could capture and translate physical objects 
into digital 3D models? This final step was left to be explored in the workshops as a step 
towards implementation.  

The approach adapted for this thesis also carry some resemblance to the ”Wizard of Oz” 
technique, which can be used to test and evaluate a system with users before it actually exists. 
By having a human hidden in the background preforming some or all of the tasks of the 
system, an unknowing person will experience the system as working and functional (Buxton, 
2007). In the workshops conducted for this study, the participants did not attend the post-
processing steps where their models were scanned, refined and printed (this process is 
described in more detail in section 3.6). Instead they simply received the finished print a few 
days following the workshop, unaware of how it had been fabricated beyond what they had  
experienced at the workshop. The reason as to why the participants were not included in the 
post-processing and printing was that both processes currently are too time consuming to fit 
within the time frame of a single workshop.      

Qualitative research 
The data collected for this study is mainly of qualitative nature. A qualitative approach was 
chosen as it tends to be more exploratory than quantitative methods and is concerned with 
developing a in-depth understanding of the participants experiences and motivations 
(Mortensen, 2018). All gatherings are based on observations from the workshops and the 
questionnaires filled in by the participants. It can be argued that a semi-structured interview  
following the workshop would have provided the study with an even richer amount of data  
then the questionnaires. This is most likely true and was also considered as an option, but 
due to the length of the workshop sessions (approximately two hours per session), it was not 
feasible to expect the participants to be willing or able to stay for the additional time required 
to conduct a semi-structured interview. The questionnaires, however, were phrased to 
encourage participants to reflect upon and elaborate their answers in order to collect as 
detailed responses as possible.  

Although all the sessions were recorded by a GoPro camera, which was mounted above the 
workshop area, the material has not been studied in detail or analysed as an additional 
source of raw data, but has rather served the purpose of a ”memory back-up” to help 
revisiting certain events and incidents of interest from the workshops in order to describe 
them accurately.  

Collaboration 
During the data gathering I collaborated together with another student researching a similar 
topic. Since we were two people involved in managing the workshops and all of the 
surrounding activities described in this section, I will simply refer to the both of us as we in 
the following text. When referring to my fellow student alone, I will use the term co-
researcher.  
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This study was also done in collaboration with Innovation+ , a project driven by 9

Västerbotten County Council and financed by the European Regional Development Fund and 
Region Västerbotten. Innovation+ aims to develop the support system for healthcare 
innovations in Västerbotten County. Innovation+ have assisted this study by providing access 
to the local FabLab (which I will refer to as the FabLab in this section) in Umeå, including the 
use of its tools and materials, recruitment of participants and travel arrangements for a pop-
up workshop in a neighbouring municipality.   

3.1 Pre-Workshop Development 
Our first step in conducting this study was to design the workshop itself. This was done at an 
initial session located in the FabLab. One student and two representatives from Umeå 
University, along with a manager of the FabLab – all involved in the Innovation+ project – 
acted as participants, while myself and the co-researcher took on the roles of workshop 
leaders. The goal of the session was to develop the overall structure (what to do and in which 
order), try out suitable materials to use for the workshops, decide a suitable timeframe and 
evaluate the intended workflow. This initial workshop contained the following materials: Salt 
dough (clay), Plus-plus , Magnetic sticks , paper, Post-it notes, office tape, MDF-boards, 10 11

metal wire, wooden BBQ-sticks and glue. There was also crafting tools like pens, scissors, 
crafting knives and rulers available. In addition, a few items that had been printed previously 
were brought to serve as inspiration and demonstrate the possibilities with 3D printing. The 
objects included ergonomic grips for handheld video game consoles, phones and tablets, and 
some abstract shapes that had been printed for an old group assignment.      

As a start to iterate from we settled with the following process:  

1. Visualising the idea on paper 
2. Identifying suitable materials 
3. Creating the desired object 
4. Evaluate result (and potentially iterate or start over with a better suited material) 
5. Finished object 

The session started off with a task where the participants were asked to write down their 
mental model (Neilsen, 2010) of the making process, in other words, how they imagined that 
their idea would evolve into a 3D printed object. In advance the participants had been asked 
to consider what kind of item they would like to create, and the purpose of this workshop was 
then to guide them towards the most suitable materials to have the final print match their 
expectations.  

During the session the participants worked on items such as a personal key-ring, a mug-
mounted teabag holder, a lamp stand and a wind measuring device. The participant working 
on the key-ring started out by working in salted-dough, but found that the soft and bulky 

 https://www.vll.se/Startsida/forskning-och-utveckling/innovation-och-naringsliv/innovation-plus9

 https://www.plus-plus.us/10

 https://www.amazon.co.uk/Magnetic-Sticks-1336-184-pieces/dp/B0001VJWH011

!11



texture of the dough did not represent the intended motive – a snow-cowered mountain 
range – very well. The material was however easy to work with and a result was quickly 
accomplished, which gave us time to explore an alternative approach. A drawing the 
participant had made to visualise the keyring was traced in Ink-Scape , a vector  based 12

graphics editor, providing us with a digital copy of the drawing. The vectorised shapes of the 
drawing was then laser-cut into MDF-board and glued together. This approach resulted in an 
object that matched the drawing more accurately, with sharp mountain tops and steep slopes. 
Another item, the teabag holder, was based on an existing product one participant had 
brought to the workshop. A new, more personalised version, with a hat and scarf was made 
out of clay. The remaining concepts worked on during the workshop did not reach a finished 
state and therefore wasn’t deemed suitable for further processing.  

The objects created during the workshop were then scanned by a 3D scanner and 
imported to the processing software Autodesk Meshmixer  in order to clean up the scan. 13

This software deviates from traditional 3D modelling software in the sense that it is 
specifically intended to refine and adapt existing 3D meshes for 3D printing, rather than 
creating new ones from scratch, which fit our purpose. Finally the refined models were 
printed using a Ultimaker 2+  3D printer.  14

Img. 3: Drawings and objects created during the Pre-workshop and the printed results in 
orange plastic. 

Insights and iterations 
The session resulted in some new insights and aspects for us to keep in mind for the coming 
sessions. Firstly, we discovered that tiny details, like the scarf and hat, on the teabag holder 
was barely visible on the finished print. Too late did we realise that the physical model could 
have been made in larger dimensions and then scaled in the computer before printing it in 
the desired size. This would have allowed the participant to exaggerate the details and would 
probably have made the model easier to scan.  

 https://inkscape.org/en/12

 https://www.meshmixer.com/13

 https://ultimaker.com/en/products/ultimaker-2-plus14
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A second insight was that despite the rough and jagged look of the dough-mountain, it had 
a shape that would have been both difficult and time-consuming to achieve in a traditional 
3D modelling software, which excels in dealing with straight lines and exact measures. The 
uneven and slouching dough had thus given the print a very unique and natural look, despite 
its computed fabrication process.   

Lastly, we estimated that a suitable number of participants per session would, at 
maximum, include three to four people, since it would be difficult to supervise a larger 
number of people without risking to neglect anyone. 

3.2 Pilot workshop 
Four new participants, also representatives involved in the Innovation+ project, were invited 
to a pilot workshop. Since they would also help us recruit participants for the actual 
workshops, it was a good opportunity to introduce them to the concept (in order to better 
understand what kind of participants would benefit from participating later), as well as 
providing us with unbiased participants for this pilot. The same set of materials that had  
been used for the previous session were also included in this one. With the workflow set from 
the previous session, the aim of this pilot was to identify any flaws or difficulties before 
starting with the main workshops. 

The session began with introducing ourselves and the purpose of the study. The 
participants were also asked if they would allow the session to be recorded, which they did 
not object to. Questionnaires had then been prepared for the participants to fill out at the 
start of the workshop, prompting them to briefly describe themselves, their prior experience 
of 3D printers or 3D modelling software (either first-hand experience or via a family member, 
friend or colleague),  and  finally what possibilities they could see for 3D printers. (the full 
questionnaire can be found in the Appendix). 

Once the questionnaires had been completed the participants were introduced to the 
available materials, the inspirational objects and the items that had been made during the 
previous session which were used as examples to visually convey what scanned object could 
look like once printed.  

The participants were then asked if they had any particular ideas in mind that they would 
like to explore. Initially the participants struggled with coming up with a suitable concept of 
their own, but one by one they soon started to engage with the materials. The first participant 
to get started wanted to make a painter’s palette with a handgrip, arguing that current 
palettes were uncomfortable and did not suit her way of painting. She approached the salted-
dough as this was a material she was familiar and comfortable to work with. Another 
participant made a tiny snowman, also using the salted-dough. 

One participant hesitated for a while longer than the others, possibly stressed by the fact 
the others had begun working on concepts of their own. The participant claimed to be 
insecure in using the materials available, lacking any recent experience of ”playing” with 
salted-dough. Eventually the participant decided to create a lens-cover for some binoculars, 
but it proved to be troublesome without the proper measurements available.  An attempt was 
also made in paper, but was soon abandoned as the thin sheets were unsuitable for the 
desired shape.  
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Img. 4: Ergonomic painter palette. 

After the workshop the participants were asked to fill in the second part of the 
questionnaire, where they were asked if they had any new thoughts regarding 3D printing, as 
well as any general feedback regarding the session.  

Insights and iterations 
The pilot study made it obvious that some participants might benefit from beginning the 
session with a brief exercise to get started and encouraged to approach the materials, 
hopefully keeping participants from ”overthinking” the task and instead get involved early 
with the process of making.  

It was also noticed that the majority had been working with the salted-dough, 
unfortunately the gathered data did not provide any details as to why that was the case. 
Therefore it was decided to expand the second part of the questionnaire to contain questions 
regarding what materials the participant had been working with, why that (or those) 
materials had been chosen, and if there was any materials they would have preferred to work 
with missing. 

Lastly, an idea came up of creating an example-print that would showcase how the scale of 
an item can be altered before being printed. This example would be useful to emphasise that 
scale is not of any concern when designing for digital fabrication.  

Pop-up workshop 
The Innovation+ project arranged an opportunity to conduct a pop-up workshop in a 
neighbouring municipality with participants who had expressed an interest in learning more 
about 3D printing. In this case, Pop-up workshop refers to a temporary change of location of 
the workshop – as it was briefly arranged in another town – in order to include participants 
that otherwise would not be able to attend. The materials used at previous workshops (except 
the MDF boards) were collected along with a 3D printer and brought to the session. In 
addition, a bag of LEGO was also added to the collection of materials.  

Due to external circumstances, two persons had to cancel their participation just a few 
hours ahead of the workshop, resulting in only one participant attending the session. This 
unfortunate event had a negative impact on the workshop, as the single participant 
immediately mentioned it was strange to be alone in this sort of context. The participant’s 
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idea, a protective cap for a breathing device, proved to be difficult to realise with the 
materials present at the workshop. The participant did however express an interest to learn 
more about 3D printers.  

The session did however add new aspects to consider for the future workshops. Although 
it had been noticed in the pilot, it now became obvious that a large amount of papers were 
being presented to the participants in the start of each workshop (an informed consent form, 
the questionnaire and the mental model exercise) which in total added up to consume up to 
15 minutes of the two hour workshop to complete. Hence, the papers also kept the 
participants from engaging with the activity they had come for, and as a result it was decided 
to remove the mental model exercise, as it was the least valuable document to the study. 
Since the single participant initially also seemed reluctant to approach any of the available 
materials, ideas to start the session with a short game for the participants to familiarise with 
the materials began to take shape.     

3.3 Material test 
A material-testing session was conducted as an opportunity for the researchers to further 
explore the properties and possibilities of the materials that had been chosen for the 
workshops. Thus, this session only included the two researchers and a FabLab 
representative, who was providing instructions and working procedure for the tools and 
equipment in the lab so that they could be operated according to safety regulations. The 
session was spread over two days (the result of one workshop being cancelled) providing the 
us with more time to get familiar with the lab setting, materials and equipment, and refine 
the workshop process before conducting it with the actual participants.  

Paper had so far only been used for sketching and drawing, neglecting the fact that the 
material can be used to create three-dimensional shapes as well, with Japanese Origami 
being one source of influence. A simple paper-plane and an oversized board-game piece were 
made to demonstrate the broader use of paper. The board-game piece was also printed in 
considerable smaller dimensions compared to the original paper model, to further emphasis 
that participants needn’t concern themselves with size or scale when making something. 

The set of LEGO was also explored in more detail during this session, with a focus on the 
scanning of objects made in LEGO. Black LEGO-blocks turned out to be practically invisible 
to the 3D scanner, but otherwise the LEGO provided detailed and clean scans well suited for 
the workshops purpose. 

Finally, a chess piece was made out of salted-dough. It had been noticed that objects made 
out of salted-dough had tendencies to slouch and collapse before the dough had time to 
harden, deforming the object from its’ intended shape. To prevent this, a piece of metal wire 
was used as a core ”skeleton” to reinforce the shape and provide some inner structure to the 
model. The results improved but the problem was still clearly visible, so it was decided to also 
include a more reliable modelling clay for the coming workshops. 

Once the material testing was done all preparations had been completed and it was time to 
commence the workshops. 
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Img. 5: Paper and plastic board-game pieces in various scales. 
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Img. 6: Overview of the items made during the material workshop. 

3.4 Participants 
The recruitment of participants was based on convenience sampling, which lacks a clear 
sample strategy and rather relies on the availability of the chosen participants (Ritchie & 
Lewis, 2003). However, since the study was being targeted towards novices, the invitations 
expressed that it was being preferred any person participating had none or little previous 
experience in using any 3D-modelling or CAD software. There was no limitations in regards 
to the participants age, gender, or cultural background as these aspects were deemed of 
limited consequence at this stage of the study, and thus no requirements for participation 
were based on those matters. The recruitment information was formulated as an invitation to 
participate in a workshop which aimed to explore alternative approaches to 3D modelling 
and digital fabrication via 3D printers.  

Invitations were mainly spread through Facebook-channels, such as the page of 
Innovation+, groups for informatics’ students at Umeå University, and the page of the local 
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FabLab where the workshops were going to take place. Invitations were also sent via email to 
innovators who had been in contact with Innovation+ to develop tools and concepts targeted 
towards the healthcare sector. In addition, familiar persons with suitable characteristics 
(lacking prior experience in 3D modelling) within the researchers social circles were also 
approached with informal invitations to participate.  

A total of six participants volunteered to participate, divided between three workshops 
resulting in two participants per session. The age of the participants ranged between 23 to 65 
(median age 32,5). All participants were female.  

One of the workshops was conducted with innovators as participants. The innovators had 
previously taken contact with Innovation+ to present personal ideas of healthcare-products 
they would like to develop further. Innovation+ in turn advised them to participate in the 
workshop as an opportunity for them to explore 3D printing as an approach to create 
prototypes of their concepts or inspire new aspects to better understand their ideas. For that 
particular session, a confidential disclosure agreement (CDA) was signed by all present 
parties in order to protect the ideas and make the participants comfortable in sharing the 
concepts at the workshop. Unfortunately, this means that any details concerning the concepts 
themselves can’t be described in this thesis.  

The remaining participants consisted of two students, a professional artist and a software 
engineer, and no further CDAs were required for those sessions.  

Ethical considerations 
For this study measures were taken to guarantee the well-being and integrity of each 
participant in accordance to the principles listed by the Swedish Research Council 
(Vetenskapsrådet, 2002). In addition, all participants to appear in any visual material of this 
thesis have been informed – and given their consent – to the material being used in such 
manner.  

3.5 Workshops 
After iterating and refining the process throughout the pre-, pilot-, and pop-up studies we 
moved on to the main workshops. The slightly more structured approach adapted during the 
pilot workshop (mental model-visualise idea-identify material-etc.) was forgone in fortune of 
a new looser approach that would allow the participants to engage and work more freely with 
the materials earlier on. Four workshops were initially planned, but due to a lack of 
participants one had to be cancelled, resulting in a total of three workshops finally being 
conducted. Each workshop began with a brief introduction of the researchers and the 
purpose of the study, as well as asking the participants for their consent to video record the 
session. Then the first part of the questionnaire were presented and completed, mainly 
asking about participants background and previous experiences with 3D printing. Next, an 
”warm-up” exercise was introduced in the first workshop where the participants were asked 
to create a personal board-game piece out of any of the available materials. However, as 
opposed to previous sessions, the participants were less hesitant to approach the materials, 
but rather eager complete the exercise to start working with their own concepts. Thus the 
”warm-up” was only done once, in the first workshop, as it was then deemed unnecessary  
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due to strong motivation among participants to get started. This will be discussed further in 
the results section.  

After the workshop the participants were asked to complete the second part of the 
questionnaire, where the questions concerned their experience of the workshop and whether 
they had any new thoughts regarding 3D printing or its possibilities. This marked the end of 
the session.  

 
Table. 1: Timeline of workshop process 

3.6 Post-processing 
Following each workshop we had a separate session without participants where the finished 
object produced during the workshop were scanned with a handheld 3D scanner. Due to the 
limitations of current technologies the scans were then required to be cleaned up in a 
modelling software, removing unwanted structures (like the surface the scanned object was 
standing on) and filling in gaps that weren’t captured by the scanner. Depending on the 
details and complexities of the scanned object this process could take anything between 20 
minutes to a full day to complete. It should also be mentioned that this task was preformed in 
entirety by the co-researcher, being the only one with the necessary skills required.  

The cleaned up files was then imported into a slicer software before finally being printed. 
Once a finished 3D printed object had been made, the participant was notified that their 
object was ready to be collected. When the participant had collected the print, they were 
asked to fill in a final, web-based, questionnaire.  The participants were asked how well the 
final print responded to their expectations, the level of involvement they had felt during the 
session, other concepts they would like to explore in a similar workshop and  what limitations 
they could see with 3D printing in its current state. The purpose of this follow-up 
questionnaire was that the participants might have come to new insights after the initial 
impressions of participating in the workshop, as well as having a chance to reflect upon the 
process for some time in calm and peace.  

3.7 Data Analysis 
As stated previously, data was mainly collected in the form of workshop observations and 
questionnaire answers. The data was reviewed multiple times in order to identify events and 
statements related to the research question. The observations were to some degree supported 
by additional video recordings made during each workshop. These were used in order to 
describe any events of interest for the study as accurately as possible. The videos were 
however not analysed in-depth as a major source of data of their own, but acted rather as a 
complement to the main observations. The reason for this was the participative nature of the 
workshops, which made it difficult to take notes during the sessions. The questionnaire 
answers were used as an additional source of data. This collected data was reviewed 
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thoroughly as the participants’ answers were selected and interpreted in relation to the 
research question, resulting in the themes and findings presented in the following section.    

4. Findings 
This section will describe what findings were made. The results are based on incidents and 
events observed and noted during the workshops, which are to some extent backed-up and 
supported by examples and quotes found in the questionnaires and video-recordings of the 
sessions as described previously. A translation in english has been added to quotes from 
Swedish-speaking participants. All translations are made by the author.   

4.1 Results 
Overall the workshops were perceived as successful, all participants succeeded in creating at 
least one object (sometimes more) during the sessions, and according to the questionnaires 
the majority were responding in a positive manner to the final results. The main criticism 
throughout the study was that the participants did not get an opportunity to be involved in 
the actual printing. Comments such as ”I would like to see how [the printing] is done. [Jag 
skulle vilja se hur det går till]” occurred during both the pilot and main workshops. Although 
this would have been desirable, due to practical constraints in the post-processing, it was 
unfortunately not feasible to achieve. The issue was addressed to some extent by providing 
those participants with the cleaned-up files, enabling them to print the items on their own.    

During the workshops it was observed that a majority of the participants started out 
working with clay. This is also indicated in the questionnaires that were collected, where all 
of the participants state that they used clay at some point. The reasons for this could involve 
both familiarity to material as well as the level of personalisation made possible through it. 
One participant described the choice of clay in the following way: 

 ”[I chose] clay since it is the material I am most familiar with. Clay provides 
many possibilities to shape anything [Lera då det är de material jag känner 
bäst till. Lera ger mycket möjligheter att forma vad som helst].”  

Img. 7: Clay heels made by one of the participants.   
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Another participant made a pair of custom heels for 19th-century inspired shoes. The 
participant had previously bought a pair of shoes where the heels were too high, thus making 
them uncomfortable, not to mention impractical, to walk with. New heels where made out of 
clay, and by standing on the clay-heels the participant could simultaneously achieve both a 
suitable height and a perfect fit, as the clay moulded after the participants feet. It is worth 
mentioning that reaching the same individually tailored result with a 3D modelling software 
would have been all but impossible, while in this case it was done in the amount of time it 
took for the participant to put the clay-heels on the ground and step on them.     

Although many began working with clay, during the course of the sessions some came to 
realise (either on their own or through suggestions from the researchers) that other materials 
might be of greater benefit to their specific purpose. One of the innovators for example 
started out by working with clay, but later ended up switching to LEGO. This happened due 
to a change of intention, as the initial plan was to simply visualise the outer shape of the 
object, as to achieve a feel for its shape and size. However, since the length of the session 
allowed for further exploration, the design of the objects inner structure was being 
considered as well. This could be achievable by separating the object in two, one upper and 
one lower half with a hollow center. The clay however was ill-suited for this purpose, the 
loose shape and soft structure made it difficult to create two similar pieces that would fit 
together as well as providing certain properties such as openings for a locking mechanism. It 
was suggested that the participant could try using LEGO instead, given the blocks are 
designed specifically to fit together. The LEGO worked very well, resulting in the top and 
lower piece was extremely easy to match. The intervention of suggesting another material did 
result in a minor impact on the participants questionnaire answer regarding what materials 
had been used and why, where it was briefly mentioned:  

”Started with clay, office tape, metal wire but replaced the clay with LEGO. 
[Började med lera, tejp, ståltråd men bytte ut leran till LEGO].”  

There was however not any further descriptions or reflections regarding the motivations 
behind the change.  

Another participant was interested in creating an arm ornament filled with circular 
patterns, inspired by an existing item which was brought as an image to act as reference. The 
participant started out with a combination of metal wire and clay, planning to use the wire as 
a skeleton to create the shape and then dress it with clay after being informed that the metal 
wire alone is difficult to scan. The metal wire however proved to be difficult to keep in the 
desired shape and an alternative approach was suggested by one of the researchers. The 
pattern was drawn onto a paper, imported to and traced in Adobe Illustrator  (another 15

vector based graphic editor) and finally cut in a Laser cutter on a separate paper. The paper 
was then wrapped around the participants arm to capture the right shape, office tape was 
used to fix the position. Unfortunately the finished print turned out to be too rigid to fit on 
the participants arm, the follow-up questionnaire however revealed that the participant 
considered to repurpose the ornament as a lamp shade. The participant also expressed an 

 https://www.adobe.com/se/products/illustrator.html 15
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interest in giving the wire and clay another try given the opportunity to take part of a similar 
workshop again. 

During one session a participant applied an unique approach by repurposing one of the 
printed items from a previous workshop session. Intrigued by the customised painters palette 
created in the pilot-workshop, the participant wanted to expand upon the concept. Rather 
than holding the palette, the participant wanted to be able to attach it directly to the arm. A 
new layer built out of clay and LEGO to hold a wrist strap was added to the bottom of the 
palette. The participant summarised the approach in the following way:  

”I used clay and legos. The legos are nice to give a solid structure. Since I was 
working on a part that would attach to an existing object the clay made it a 
perfect match.” 

As these previous examples show, the participants were keen on mixing materials to exploit 
the properties and benefit from the sturdiness of metal wire and LEGO blocks in combination 
with the loose and formable clay to fill in gaps and fit items together.   

Another reflection brought up by the participants was the relationship between the digital 
and the physical world. One participant gave the following response to a questionnaire 
question that asked whether the workshop had provided any new insights regarding  3D 
printers:  

”Not the printer itself, rather the software to scan and go between physical and 
digital prototypes [Inte själva skrivaren, mer mjukvaran för att scanna och gå 
mellan fysisk och digital prototype].”  

Another elaborated further on the topic:  

”A custom-made original model in clay that can be scanned into a 3D model will 
provide opportunities to transform the object’s scale in size and height in order 
to make many copies that are customised. [Med ett original i lera costummade 
som scannas till 3D-model som ger möjlighet att förändra objectet, skala i 
storlek och höjd så att man kan göra flera exemplar som kan anpassade].”   16

The clay in the physical world excels at capturing forms and shapes that fit us perfectly, the 
digital 3D model is easy to transform and change in height and size, and can be printed many 
times. This idea of utilising the respective strengths of the physical- and digital-domain could 
be well worth to look further into in the future. 

A final notion concerns comments from three of the participants who had some, although 
limited, experience of 3D modelling and CAD software. During the sessions, as well as in the  
answers found in the questionnaires, certain indications could be observed that the tangible 
materials and tools were perceived to facilitate their progress in comparison to digital 
softwares. One participant wrote the following: 

 The session included participants speaking both Swedish and English, which might have caused the 16

participant to mix the two languages in the questionnaire answers. 
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”I think when it comes to 3D printing the biggest barrier for me is the software, 
and if that is replaced or somewhat made simpler in process it would encourage 
a lot more people to start make everyday things and complex things, basically 
whatever they want. The focus is on what comes before pressing the last button 
to print, which is the process to get there.” 

It is not clear from the comment above whether the workshop actually provided a more   
simplistic approach to 3D printing. However, another participant expressed a similar opinion 
while mentioning the workshop:  

”[…] when new ideas will come up in my mind I will sure wish to find a similar 
workshop actually make it take shape the easiest way possible.”  

The third phrased it in the following way:  

”Wonderfully simple, unfortunately there might be too many steps but still good 
for creative people [Underbart enkelt, tyvärr kanske många steg men ändå bra 
för kreativa människor].” 

As the final comment suggest, the method presented in this thesis is not without faults, but it 
would seem it has certain benefits when compared to more conventional 3D modelling 
software. What these might be will be discussed further in the following section.     

5. Discussion 
Previous research has shown that novices struggle with creating 3D models for the purpose of 
3D printing, partly due to overly complex modelling software (Hudson et al., 2016). However, 
when equipped with tangible tools and materials, these issues seem less prominent as this 
study has shown. The method seem to invoke engagement and reflection of the materials 
properties, strengths and weaknesses. Providing novice users with tools that affords to utilise 
the creative potential inherent in their hands and draws from familiar experiences, as is 
advocated in embodied interaction, appears to present promising new opportunities for 
digital fabrication, similar to the conclusions reported from the users of SpatialSketch by 
Willis & Lin et al. (2010).  

Sharing knowledge and building on what others have done before is a central part of the 
maker movement (Hermans, 2015). Similar behaviour occurred during one of the workshop 
when a participant added a wristband slit to the painter palette, as mentioned earlier in the 
results. One significant difference however is that idea-sharing in the maker movement 
usually takes place in a face-to-face setting where makers gather and meet, or in a digital 
setting through the sharing of files on sites such as Thingiverse.com or other maker forums. 
In this case the idea sharing was communicated through the artifact itself, the participants 
never met in person nor online. This could suggest that not only does the fabrication process 
itself benefit from the tangible approach, but the idea sharing and peer-to-peer knowledge 
spreading (Hermans, 2015) as well. However, considering the fact it was a single incident 
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occurring once over the course of the study makes it difficult to do any further claims beyond 
speculation.    

This study is not without limitations. Chances are that the barriers that has been 
addressed are merely pushed ahead of us, and that novice users would encounter greater 
difficulties in the post-processing steps. However, as research will continue to increase the 
understanding of novice users’s needs and perceived challenges with 3D scanning and 
printing, it can be argued that the post-processing workflow will be streamlined and adapted 
for the group in the future. Nonetheless, further inquiry into the matter is of need. There is 
also the question of limitations inherent in the materials themselves. Even though clay was a 
common material to use in these workshops, it was not always optimal for the purpose, as the 
example with the arm ornament shows. However, people might be novices when it comes to 
digital fabrication, but professionals in other areas, working daily with materials such as 
wood, concrete, foam, or other kinds of materials that haven’t been explored here. Allowing 
(digital fabrication) novices to bring materials they are even more familiar with than the ones 
we were able to present could offer new insights in regards how to proceed further in this 
field.  

6. Conclusions 
The purpose of this study has been to explore whether a more embodied approach using 
tangible materials and tools can benefit novices in digital fabrication processes. This was 
done by conducting a series of workshops at the local FabLab where novice users got to 
realise personal concepts through the use of materials such as sculpting clay, salt-dough, 
LEGO, paper and metal wires. The results show that this approach is less prone to the 
barriers experienced by participants in previous studies and rather enable novice users to 
utilise their creativity and skills through inherent knowledge of the materials’s properties. A 
suitable topic for future research includes involving the participants in the post-processing or 
3D printing process.  

Digital fabrication is promoting a promising future where people are no longer limited to a 
selection of products designed and made by others, but rather take an active roll in making 
the things they need and want themselves. The use of personal preferences as a source of 
inspiration for fabricated objects to be used in practice, such as the personal painters palette, 
help to embody the concept and ground it in the world where the activity is taking place. 
Hopefully this thesis can contribute towards that future.  
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Appendix B: Questionnaires   

Workshop questionnaire 
Part 1:

With your own profession and/or general interests in mind, tell us briefly about yourself: 

�

�

�

Do you have any prior experience or knowledge of 3D printers? 

�

�

�

Do you have any prior experience using 3D modelling software, such as ‘Blender’, ‘Maya’ or 
‘AutoCAD’?

�

�

�

Do you have any friends or colleges who do have experience within these areas? 

�

�

�

From your personal point of view, what possibilities do you see for 3D printers? 

�
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�

�

Part 2

What materials did you use during the workshop and why? How well did they suit your purpose?

�

�

�

Considering the materials you have been working with today, are there any other materials you would 
like to explore if you were to do something similar in the future?

�

�

�

Having taken part of the workshop, do you have any further thoughts or reflections regarding 3D 
printers and their potential use? 

�

�

�

Do you have any feedback or suggestions for improving future workshops? 

�

�

�
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Thank you for your participation! We hope to give you the finished prints shortly.

Victor and Mikael
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2018-03-19 ENG Workshop: Alternativa material för 3D-skrivning (uppföljning) - Google Formulär

https://docs.google.com/forms/d/18UfwaYGJuW-pfw8Uko-HByBgti-5c_YNZgAGakSlh5E/edit 1/1

Workshop: Alternative materials for 3D-
printing (follow-up)
Beskrivning av formulär

Participant information:

We inquire about date of birth for the sake of documentation. 

*Name:

Kort svarstext

*Date of birth:

Dag, månad, år

Follow-up questions:

Beskrivning (valfritt)

*With the 3D-printed result in hand, how well does it match your 

expectations?

Lång svarstext

*Having participated, how do you conceive your idea as a whole? Do you for 

example have any new impressions or understanding of its shape or 

purpose?

Lång svarstext

*

Not at all

1 2 3 4 5

Very much so

To what extent do you feel that you where involved in the process that led-

up to the 3D-printed result?

*With your answer to the previous question in mind, please elaborate on your 

own role in the process: (why did you/did you not feel involved)

Lång svarstext

*Your own project aside, do you have any other ideas or thoughts that you 

would like to explore in a similar workshop?

Lång svarstext

*What limitations do you perceive in regards to the types of ideas and 

concepts suitable to this more hands-on approach, working with 3D-

printers?

Lång svarstext

ENG Workshop: Alternativa material för 3D-skrivning (uppföljning) SKICKA

FRÅGOR SVAR 2
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Appendix C: Information and Consent form 

Workshop: Alternative materials for 3D-printing 

Information and Consent:
This workshop is part of a series of studies performed in cooperation with the Innovation Plus project 
with the aim to explore alternative methods for 3D modelling. The purpose of the study is to identify 
materials and methods that enable individuals who lack experience in CAD and product design to 
participate in innovation processes.  

Video will be recorded throughout the session from several angles, with the intent to capture the 
participants approach and methods working with different materials.  All visual material that can be 
associated to a specific participant's identity will only be made official with the express consent of the 
participant.

Participation is voluntary, and you free to abort the session at any time. The collected data will only be 
accessible to people involved in the Innovation+ project, and any personal information collected from 
the session will be anonymized in all material that is processed or published during the study. 

The data will be used for our master theses at Umeå University as well as other potential future studies 
conducted in collaboration with the Innovation+ project. Furthermore, the data may be used in 
unrelated academic publications conducted by other researchers involved in the project. 

By signing this form, you confirm that you have been informed about the purpose of this study and 
agree to participate. 

Thanks for your participation! 

Victor Nihlwing: v.nihlwing@gmail.com 

Mikael Hansson: mikael92hansson@gmail.com 

Signature: 

�

Printed Name: 

�
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Email: 

�  

!32



Appendix D: Recruitment post for Facebook

Appendix D: Recruitment post for Facebook
Do you have ideas or thoughts about things that can be improved, or maybe you want to 
make something that could give yours or someone else's day that extra bit of sparkle? Good! 
During the next couple of weeks, we (Victor Nihlwing and I) are arranging workshops at 
Sliperet aimed at exploring alternative approaches to 3D modeling and digital fabrication via 
3D printers. 
No prior experience with CAD or 3D-printing is required, in fact, it is preferred. In this 
project, we are investigating ways to make 3D printing an easy process using simple tools, 
largely relying on our hands where we otherwise would have to use computer software.To 
give some examples, previous participants have made an ergonomic painters palette, 
personalised keychains and custom game pieces for board games. No idea is trivial or too 
small, what is important is your own connection and personal engagement. Therefore we 
would like to encourage you to bring any objects, shapes or other items that might be central 
 to your idea. These objects can provide a good start for the workshop. 
The workshops take place at Fablab Sliperiet and we have two initial sessions scheduled for 
the 23rd and 28th of February. Each session starts at 10.00 and usually lasts about 2 
hours and you will receive your 3D print within a few days following the workshop. The 
number of participants per session is limited to 5 so please let us know as soon as possible if 
you’re interested. If you are interested but unable to attend either of these sessions, we would 
still like to hear from you as there will be other opportunities to participate. 
The workshops are arranged by Mikael Hansson and Victor Nihlwing as part of their 
advanced level thesis at the program for Human-Computer Interaction and Social Media, and 
in collaboration with the Innovation+ project http://www.vll.se/Startsida/forskning-och-
utveckling/innovation-och-naringsliv/innovation-plus 
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