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Abstract 

Digital fabrication technologies such as 3D printers entail a radical change to the traditional 

consumer-producer paradigm. Combined with other recent developments, self-styled 

Makers design and fabricate sophisticated devices and interactive technologies that would 

otherwise never have existed. However, stopping the uninitiated novice from making use of 

this potential is complex CAD software, and a high barrier to entry. In this study a series of 

workshops explore the potential of combining traditional handicraft materials – such as 

clay, paper and fabric – with 3D scanning to enable novices to work with 3D printers. Based 

on the results a set of instruction were created detailing the process of making three types of 

practical objects, covering the entire process from the making and subsequent 3D scanning 

of a physical object, to the software clean-up and final 3D printing. The results suggest that 

whilst the explored method can enable novices to create 3D printable models, a certain 

mindset is required for the novice to do so effectively. 

 

Keywords: Digital fabrication, 3D printing, 3D scanning, 3D modelling, CAD, Generative 

design, Handicraft, Novices, Makers, Making, Maker movement, Makerspace, Design practise, 

Learning material 

1. Introduction 

The field of Human Computer Interaction (HCI) mainly deals with how humans interact with 

technologies and investigates ways of improving this interaction (Carroll, 2003). The 

qualitative research tradition figures prominently within HCI, but the field also blurs the line 

between research and practice, whereby practical prototyping and design is leveraged as part 

of academic enquiry  (Buxton, 2007) (Lund, 2003). Recent discourse has come to question 

whether this current paradigm is capable of fully appreciating the role that practice has within 

research itself: Gray, Stolterman, & Siegel (2014) suggest that the field lacks a “cohesive design 

culture”.  

This line of is particularly significance within today's context of technological 

emancipation, whereby the means to create and customise technological artefacts are 

becoming available to people outside of industrial practice  (Tanenbaum, Williams, 

Desjardins, & Tanenbaum, 2013) (Sun & Hart-Davidson, 2014). 3D printers, programmable 

microcontrollers and beginner-friendly-software enable individuals to realise personal desires 
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and needs – designing and producing sophisticated devices that would otherwise never have 

existed. As such, more than ever design practise is no longer confined to specific fields or 

industries, breathing new life into the discussion instigated by Donald Schön (1983) arguing 

that design should be understood as something separate from specific professions. 

Understanding design as a singular form of practise is not only relevant in the interest of 

politicising digital fabrication, it is also relevant in the interest of practitioners being enabled 

to expand their own practices – adopting tools and techniques from other fields. According to 

Nelson and Stolterman (2012), this is something that comes more naturally to fields and 

industries with strong ties to rich design traditions such as Architecture, and Filmmaking, but 

less so for predominantly academic fields such as HCI.  

HCI research is not only interested in new technologies in the hands of users, it also 

advocates the use of new technologies to further its own practise in the form of prototyping 

(Buxton, 2007). However, as HCI practitioners increasingly find themselves in the same 

position as any other unexperienced user, the separation of design and research practise 

makes it difficult to generate new knowledge when the technology becomes both the end and 

the means (Gray, Stolterman, & Siegel, 2014) (Griffin, 2011) (Hill, 2002). 

As such, if digital fabrication and by extension design as a practise is to figure more 

prominently within HCI research (Gray, Stolterman, & Siegel, 2014), a better understanding 

is required both of specific tools as well as their ability to accommodate untrained (novice) 

users.  

3D printers stand out as particularly interesting amongst digital fabrication tools, offering 

new prospects for exploring both materiality and new forms of affordances (Ion, Kovacs, 

Schneider, Lopes, & Baudisch, 2018) (Devendorf & Rosner, 2015). The founder of the Fab 

Foundation Neil Gershenfeld (2012) declares that 3D printers have instigated a new industrial 

revolution, signalling the end of mass production. Whilst 3D printing technology is still a long 

way off from the universal fabricators professed by Gershenfeld (2007), it is hard to deny the 

significance of 3D printing in the hands of a broader public – allowing anyone with access to 

bridge the gap between virtual representation and physical shape. That being said, simply 

having access to the tool is not the same as being able to use it, and where 3D printers are 

becoming ever more prevalent, the skill and understanding to use them remain limited to 

industry professionals and those privileged with access and time (Hudson, Celena, & Parmit 

K, 2016). 

According to Gershenfeld (2007), the largely static state of 3D modelling software is one of 

the key issues complicating the use of 3D printers – referring to a disconnect between how we 

interact within physical and virtual space, the latter completely unlike the former. This 

disconnect means that a practised sculptor might as well have to learn their craft again, 

starting with the most rudimental task of forming basic shapes (Gershenfeild, 2007). 

That being said, 3D modelling software is not the only way to create 3D models. 3D 

scanners, as the name suggests, make it possible to capture physical objects, and create virtual 

representations of them. This opens-up a world of possibilities, making physical handicrafts 

relevant to this emerging field of fabrication. Despite the potential, few studies have yet to be 

conducted exploring 3D scanning as a means of working with 3D printers. Studies exploring 

novel combinations of these technologies primarily focus on their potential for architectural 
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and archaeological reproduction (Xu, Ding, & Love, 2017) and easy reproduction of out-of-

production parts and components (Yan, Sharf, Lin, Huang, & Chen, 2014). As such, this study 

identifies a gap in research exploring novel uses of 3D scanning as a means for novices to 

utilise 3D printers as part of design practise. To address this research gap, I formulate the 

following research question:  

❖ To what extent can a Designerly approach enable Novices to work with 3D 

printing as part of Design Practice? 

The term ‘Novice’ in this context refers to users unfamiliar with traditional 3D modelling 

software, and ‘design practise’ to a broader understanding of design as separate from any 

specific profession or industry (Nelson & Stolterman, 2012). In turn I use the term ‘designerly 

approach’ to refer to this wider understanding of what it entails to conduct design. 

I also formulate a second research question as motivated by collaborating parties. Principal 

amongst these parties were Innovation+1, a project driven by 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. The 

project is interested in utilising Digital Fabrication technologies as a way for people without a 

background in industrial design to shape ideas and further develop concepts. As one of the 

parties involved in the Innovation+ project, this study was more specifically conducted in 

collaboration with Sliperiet, a creative hub established as a part of Umeå University. Sliperiet 

played a part in this study by way of offering access to equipment and facilities. Their main 

interest in this study was to garner insight into how they might act to enable visitors with more 

diverse backgrounds to use the equipment in their FabLab-branded Makerspace. With 3D 

printing primarily in mind, it is generally only visitors with formal backgrounds involving 3D 

modelling that have the knowledge to use their 3D printers. As such, I formulate my second 

research question, identifying the need for guidelines informing established makerspaces – 

such as FabLabs and Interaction Labs – in their efforts to make 3D printing more accessible 

to people with more diverse backgrounds.  

❖ What is required of a Makerspace to enable a more diverse group of Makers to 

work with 3D printing? 

2. Related research 

In this section I will introduce the related research and background to my study. I will start by 

defining what I term a designerly approach, figuring as the main theoretical framework for 

my study. In so doing I hope to establish the form of creative activity that is explored in this 

study as a form of design practise. Recognising the topic’s centrality to my study I will then 

give a brief recount of Generative Design, offering a connection between the process explored 

in this study and established design practise. Finally, I will address some technologies and 

concepts relating to Digital Fabrication. I will also address what has come to be known as the 

Maker Movement, giving a brief recount of the movement’s roots and influence on today's 

society. 

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

https://www.vll.se/Startsida/forskning-och-utveckling/innovation-och-naringsliv/innovation-plus
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2.1 A Designerly Approach 

Nelson and Stolterman (2012) defines ‘design’ as: “To come up with an idea of what we think 

would be an ideal addition to the world, and to give real existence — form, structure, and shape 

— to that idea,”.  Effecting change in this way, is intrinsic to all human activity and we are often 

motivated to do so by a ‘felt undesirable situation’ – either current or foreseen (Schön, 1983) 

(Brown, 2009) (Nelson & Stolterman, 2012). Common strategies will tend to encourage the 

‘agent’ (designer) to go in search of comprehension – forming a description of the current 

situation as it is understood (that-which-is) (Schön, 1983) (Carroll, 2003) (Nelson & 

Stolterman, 2012). Whilst not always the case, taking this approach is not necessarily 

appropriate, as complex situations involving socio-politics and conflicting interests groups 

cannot always be made visible through such descriptions. As a result, complexity is likely to 

leave the ‘agent’ without a clear course of action or lead them to so called ‘dead ends’ – 

effectively paralysing their effort (Nelson & Stolterman, 2012). 

According to Nelson & Stolterman (2012) this inability to deal with unforeseen complexity 

is a principal issue with ‘problem solving’ – emphasising description and explanation of ‘that-

which-is’, before considering one’s understanding of ’that-which-ought-to-be’ (ethics) and 

‘that-which-is-desired’ (the instigating desire). These two factors are required in order to 

guide design once faced with complexity, and whilst they are not required to effect change – 

the inability to factor them in, results in design practise which can only effect meaningful 

change as a reaction to easily recognised utilitarian ‘needs’ such as hunger (Nelson & 

Stolterman, 2012). As Russel Ackoff (2016) puts it “getting away from what we don’t want 

does not guarantee that we will get what we do want.” So, whilst reactive design practise may 

be able to solve problems based of utilitarian needs, it cannot get us any closer to our actual 

desires (Nelson & Stolterman, 2012). 

There are ways in which design practise works around this, but generally not by addressing 

the underlying issues. If that-which-is-desired cannot be reduced to clear ‘needs’, problem 

solving can only understand these factors by assuming that there are universal truths to them: 

relying on utilitarian ‘needs’ to describe that-which-is-desired, and relying on ethical laws, 

religious precepts, and moral codes to define that-which-ought-to-be. Whilst this approach 

may be able to get the agent past dead-ends and avoid paralysis, the result is not likely to 

address any underlying ‘desire’ (Nelson & Stolterman, 2012). 

There is yet another way that design-practise side-steps these issues, one that it is tied to 

the increasing affluence of modern society. Design as a reactive practise is not a problem per 

se, but it is important to recognise that whilst technology has progressed, it has also become 

harder to identify ‘needs’ to sustain that progress (Brown, 2009). As such, in this time of 

affluence ‘the need for technological progress’ has come to be taken a universal truth in and of 

itself. This can be seen most clearly in the consumer electronics industry, where technology 

drives the development and design of highly iterative devices (Dunne & Raby, 2013) (Nelson 

& Stolterman, 2012).  

It is with this in mind that the likes of Nelson & Stolterman (2012), Tim Brown (2009), and 

Donald Schön (1983) call for a move away from systematic description of that-which-is, 

towards a deeper understanding of desires and ambition for that-which-could-be. Nelson & 

Stolterman (2012) terms this understanding of underlying desires as Desiderata: 
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A desideratum is something that is roused out of a desire, a hope, a wish, a 

passion, an aspiration, an ambition, a quest, a call to, a hunger for, or a will 

toward. In our culture, desires are often treated as low-level needs — things that 

we wish for but could live without. But desiderata are not a response to the 

problem of an unfulfilled human need. (Nelson & Stolterman, 2012) 

Action driven by ‘utilitarian needs’ as they see it has little in common with the “impulse 

towards actions to enhance our life experience”. Instead, they would refer to it as ‘design 

intentions’, emphasising the ‘desiderata’ as guiding the act of design and the aspiration behind 

it (Nelson & Stolterman, 2012).  

The problem with relying on desires is that they can be both good and bad, and so how does 

one distinguish between them? Brown (2009) refers to this ability as a part of ‘design thinking’ 

which says relatively little about how one would work to attain it. A somewhat more telling 

description is offered by Rosaline Trainor. Trainor (Nelson & Stolterman, 2012) describes the 

process of “befriending our desires”, as the process of becoming aware of – and comfortable 

with – our desires for ‘that-which-could-be’. This means being able to think of one’s desires as 

something more than a ‘low priority need’ and being able to use it as a guide to help us form 

and name our intentions, testing them against that which is. Trainor seems to think of this 

ability as something individual, mainly reliant on our ability to give our own ‘wants’ enough 

status to actually think of them as something which-could-be.  

These are the key factor which I wish to emphasis by terming a ‘designerly approach’: 

Consciously approaching design in terms of motivating desires rather than utilitarian-needs 

and being able to relate ‘that- which-could-be’ to ‘that-which-is’ – allowing oneself to think of 

desires as no less significant than any other ‘need’. With this I attempt to capture what the 

envisioned ‘ideal addition’ of a design must be understood as, as well as what mindset is 

required of the agent to think of their ‘ideal addition’ along these terms. 

Situating what has been discussed up until this point into a more actionable context, 

Donald Schön (1983) describes design practise as “[…] a conversation with the materials of a 

situation”. Using the terms of Nelson & Stolterman (2012) this refers to how, through the 

practise of design, the ‘agent’ comes to understand the ‘current situation’ through the active 

process of attempting to impart their ‘design intentions’ onto it.  

This view of design practise does not call for comprehension and description to precede 

action, Schön instead describes comprehension and understanding as something arrived at 

through a reflective process – guided by the practitioners understanding of the ‘materials’ in 

the given situation. Material in this case can be both figurative and literal, depending on the 

design profession, but critically, as Schön’s sees it, the practitioners understanding of the 

material is tantamount to understanding its language, enabling the agent to converse with the 

situation through its materials.  Where Schön emphasise the professional’s understanding and 

experience with the materials from which a design is created, Nelson & Stolterman (2012) add 

to this by situating their understanding of ‘desiderata’ as the practitioners guiding 

understanding of their ‘design intentions’.  

The next step then, is to consider where we might turn in order to more generally consider 

the process of design as a ‘material conversation’ between the agent and the situation to be 

changed. 
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2.2 Generative Design 

Having identified the importance of underlying desires as a part of design practise, Nelson & 

Stolterman (2012) hold that it is design within industries and professions with rich design 

traditions which best manage to include desires alongside needs. Architectural design stands 

out as one such form of practise – practitioners being able to rely on the values and desires 

integral to their craft to both guide and motivate their design practise (Pallasmaa, 2009) 

(Nelson & Stolterman, 2012). As such, architectural practise offers an appropriate place to 

start in order to find some grounding in established practise for Schön’s (1983) design as 

‘material conversation’.  

Mania Aghaei Meibodi (2016) describes ‘design exploration’, contrasting it to design 

optimisation:  

[…] the act of design exploration is not merely about arriving at an optimal 

design solution but is also about ways of modelling in which design innovation 

occurs and unknown solutions emerge out of modelling known constraints. 

(Meibodi, 2016) 

According to Meibodi (2016) ‘design exploration’ is a process of repeated divergence followed 

by convergence and works on the assumption that design conditions will be discovered little 

by little, forming an ‘exploration model’. An exploration model is described as a tool through 

which the designer can form an understanding of possible design intents – exposing the formal 

design issues to the design situation. Such tools can be either physical or digital – something 

as simple as a mathematical formula or as complex as a software simulation of physical 

interactions between objects and forces. In the terms of a designerly approach, these tools 

allow the agent to interact either directly or indirectly with the design situation, taking them 

beyond simple description of that-which-is instead actively exploring underlying desires 

arriving at design intent, describing that-which-could-be (Nelson & Stolterman, 2012).  

Enabled by the prevalence of Computer Assisted Design software (CAD) and Digital 

Fabrication techniques, Meibodi (2016) describes ‘Generative Design’ or ‘Form-Finding’ as a 

specific form of ‘design exploration’, whereby computation is leveraged to iteratively generate 

shapes and forms which are fabricated as part of ‘design exploration’. According to Meibodi 

(2016) this allows the designer to not only give form to thought but also to extend thought 

through physical iteration otherwise unfeasible.  

Returning to Schön’s (1983) notion of design as ‘material conversation’: ‘Generative Design’ 

or ‘Form Finding’ offers a topical framework describing how digital fabrication tools and CAD 

software can be considered part of the agent’s conversation with the physical material. 

3. Background 

The technologies central to this study are both diverse in their use and far reaching in their 

applicability – holding relevance to both industry practise, academic research and a wider 

public. With this in mind, the following section will aim to provide some background to some 

of these technologies, as well as exemplify their use within different contexts.  
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I will start by giving a general background to digital fabrication tools, focusing on 3D printers. 

Then I will elaborate on the role of computer software as an intermediary between the user 

and the digital fabrication tool. I will also relate these software intermediaries to 3D scanning 

technology. Finally, I will talk about the Maker Movement and its origins. In so doing I will 

define some key concepts and terminology, concluding by elaborating on the concept of 

Makerspaces. 

3.1 Digital Fabrication 

Digital fabrication refers to the process whereby computer software is used to create digital 

representations of physical objects which are then reproduced by specialised fabrication tools. 

This paradigm has its roots in the Computer Numerical Control (CNC) milling machine - 

invented during the 1950s (Gershenfeild, 2007). The CNC milling machine is an evolution of 

the traditional milling machine which requires the user to move a piece of material such as 

wood in relation to a rotary cutter. This allows the user to remove parts of the material in a 

process referred to as subtractive fabrication (Gershenfeild, 2007). The CNC milling machine 

offloaded the physical labour required in this process onto computer-controlled stepper 

motors - allowing for precision and efficiency beyond anything previously possible.  

Today the CNC milling machine is one of many specific CNC machines, all relying on the 

same principle whereby a computer controls the location of a tool in 3D space. Some of these 

use different tools or methods to perform the same type of subtractive manufacturing (for 

example Laser cutters and Water jet cutter), but others still have come to define a second 

category of fabrication; In many ways, 3D printers do the opposite of subtractive CNC 

machines: instead of removing parts of a material, material is selectively placed or fused to 

create a solid shape (Andreson, 2012). This is referred to as additive manufacturing 

(Gershenfeild, 2007), and much like subtractive manufacturing, there are several specific 

methods used to achieve this. The most common 3D printers use a process called Fused 

Deposition Modeling (FDM), also sometimes referred to as Fused Filament Fabrication (FFF) 

(Andreson, 2012). This process entails extruding melted plastic or other composite materials 

(referred to as Filament) to lay down lines, layer by layer forming a more or less hollow object. 

Other common methods include Selective Laser Sintering (SLS) which uses a laser to 

selectively melt and fuse plastic powder, and Stereolithography (SLA) which also uses a laser 

but instead of melting a powder, it is used to harden a liquid resin (Andreson, 2012). 

Of these three methods, FDM is by far the most common type of 3D printer today - largely 

owing to the relative simplicity of the technology involved. Moreover, the recent trend of 3D 

printers outside of industrial contexts, can be largely attributed to the expiration of the original 

patent covering the FDM method. This allowed the formation of the open source RepRap 

project. The project was initiated in 2005 at the University of Bath, with the goal of producing 

a fully self-replicating fabrication machine (Welcome to RepRap.org, 2018). Since its 

formation, countless commercial 3D printers have become available (Andreson, 2012). 

3D printing has been used as part of HCI research exploring both broader topics such as 

what users and consumer might want to make with 3D printers (Shewbridge, Hurst, & Kane, 

2014), but also as a part of prototyping to explore new forms of materiality and affordances 

(Ion, Kovacs, Schneider, Lopes, & Baudisch, 2018). 
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The 3D printer primarily used in this study was an Ultimaker 2+, which uses the FMD method. 

To that point, when I use the term ‘3D printer(s)’ I will generally be referring to the FDM 

variety. Furthermore, I will also use the terms ‘3D printing’ and ‘printing’ interchangeably 

when referring to the process of 3D printing. 

3.2 Computer Assisted Design Software 

Following the increased public interest in digital fabrication, studies aiming to provide insight 

into the use of these tools have become increasingly more common within HCI research. These 

studies often point towards the complex nature of the software required to use digital 

fabrication tools (Hermans, 2015) (Hudson, Celena, & Parmit K, 2016); This category of 

software is generally referred to as Computer Assisted Design software (CAD software). In the 

context of digital fabrication, CAD software may refer to anything from vector-based 

illustration software – used with a CNC machines – to 3D modelling software – used to create 

3D models made physical with 3D printers (Andreson, 2012) (Gershenfeild, 2007). Whilst the 

term is not very specific I will use the term ‘CAD’ interchangeably with ‘3D modelling’ software, 

both indicating the same thing. 

3D modelling software can generally be divided into two categories: Polygon based 

modelling and Parametric based modelling. Polygon based modelling is the most common of 

the two which can largely be attributed to its attempt to parallel how one might work with clay 

– providing a more freeform interface. Polygon based modelling is primarily used to create 

3D models for games and animation, with Autodesk Maya2 being one of the more common 

examples of software used by industries.  

 Parametric based modelling on the other hand is synonymous with industrial design, and 

whilst Polygon based modelling has existed outside of industry practise for a considerable 

amount of time, it is only recently that Parametric based modelling has started to gain similar 

interest. Unlike Polygon based modelling software, Interfaces in Parametric based modelling 

cannot be said to parallel any conventional craft or form of physical interaction. 3D models 

are instead created using value driven parameters, specifying aspects such as curves, angles 

and distances. Focus lies on precision which is also likely the reason why it was not until 3D 

printers started becoming accessible, that Parametric based modelling became relevant 

outside of industrial contexts. SolidWorks3 and Fusion 3604 are two common examples, the 

latter being an effort to make Parametric based modelling more accessible to a broader public. 

Whilst I make a clear distinction between these two forms of 3D modelling, the recent rise 

of consumer targeted CAD software (novice-CAD) has started to blur the line somewhat. The 

reason why I feel it pertinent to nonetheless elaborate on the two approaches is to emphasise 

the less than uniform efforts to develop novice-CAD, which will be the topic of the next section. 

3.2.1 Novice Software 

Whilst the fabrication technology itself has become more accessible to non-professional, the 

CAD-software required to make use of it remains largely unchanged (Gershenfeild, 2007). In 

                                                        
2 https://www.autodesk.eu/products/maya/overview  
3 https://www.solidworks.com/  
4 https://www.autodesk.com/products/fusion-360/overview  

https://www.autodesk.eu/products/maya/overview
https://www.solidworks.com/
https://www.autodesk.com/products/fusion-360/overview
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their recent study of novices’ use of 3D printer, Hudson et al.  (2016) conclude that whilst 3D 

printing has become accessible to enthusiasts, novices and more casual makers are limited to 

printing premade objects made available online through websites such as Thingiverse5. Whilst 

increasingly more CAD software is being designed with the novice-user in mind (novice-CAD), 

these efforts remain largely grounded within the conventional sphere of CAD software 

described in the previous section (Hermans, 2015).  

In a study exploring alternative approaches to Digital Fabrication, Guido Hermans (2015) 

identifies a common point of contention found in novice-CAD. Evaluating some of the more 

popular novice-CAD available, Hermans (2015) observed that the most common approach 

taken to accommodate novice users is to attempt to simplify and condense the same form of 

interface found in conventional CAD software. Hermans (2015) conclude that the resulting 

software may function well as a starting point – introducing novices to the basics before 

advancing into conventional CAD. However, this approach requires that the interface be 

simplified to the point of sacrificing usefulness for increased usability, limiting novice-CAD 

both in scope and appeal (Hermans, 2015).  

Another approach to Novice-CAD is termed Augmented Fabrication by Ashbrook, Gou, & 

Lambie (2016). In their study they created an interface which allows the user to create a 3D 

printable box to be used in electronics projects. Rather than interacting directly with the 3D 

model, the user selects the circuit boards and components they would like to use from a pre-

made library. A 3D model is then generated based on virtual representations of the 

components and how the user wants them to be placed in relation to each other (Ashbrook, 

Gou, & Lambie, 2016). Whilst this approach is relatively easy to use, it is also very limited in 

scope, exemplifying much the same problem identified by Hermans (2015) in other novice-

CAD.  

3.2.2 3D-scanning 

Another method of creating 3D models is through the process of 3D scanning, whereby a 

physical object is digitised, creating a virtual representation of the original. Within industrial 

contexts, tools used for 3D scanning are broadly referred to as ‘metrology tools’ but are more 

casually referred to as 3D scanners. 3D scanners do not share the same roots as the CAD 

prevalent in most industries, but over the years 3D scanners have come to be used for much 

the same purpose – to create 3D models as opposed to measure physical parameters.  

There are several ways that a 3D scanner can achieve this, the most common technique 

being Laser Triangulation (Aniwaa). This entails pointing an array of laser beams towards an 

object and measuring the angle with which the light bounces back. Whilst this type of scanner 

is highly accurate and easy to use, it is still a very expensive piece of technology – in many 

cases costing more than a new car.  

Time-of-Flight (TOF) is another common technique and entails directing a laser beam 

towards an object and measuring the time it takes for the light to bounce back to the source 

(Aniwaa). This technique is far less accurate and less convenient than Laser Triangulation, but 

it is also significantly less expensive. As such, it is the most common technique used by 

                                                        
5 https://www.thingiverse.com/  

https://www.thingiverse.com/
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consumer-oriented 3D scanners which often combine the technique with a camera – allowing 

the user to not only scan the shape, but also the visual appearance, of an object.  

A third technique is referred to a Photogrammetry and involve using one or more ordinary 

cameras to take pictures of an object from many different angles (Aniwaa). These pictures are 

then processed in specialised software to generate a 3D model. Whilst Photogrammetry 

generally produces more accurate results than TOF scanners and is the most accessible to 

consumers in terms of price, it is by far the most cumbersome and time-consuming method 

out of the three. 

The 3D scanner used in this study was an industrial Laser Triangulation scanner, and whilst 

3D scanning as a whole remains largely inaccessible to consumers, the recognised demand for 

the technology has led to a similar rate of progress as seen in consumer-oriented 3D printers. 

At the time of writing, some of the first industry-centred scanners are starting to become 

marketed as consumer products. Furthermore, as can be demonstrated by this very study, 

public institutions that recognise the significance of the Maker Movement have both the ability 

and desire to make industrial tools such as 3D scanners available to a broader public.  

The potential of 3D scanning for use with 3D printing has been explored to a limited extent. 

In a noteworthy study conducted by Jones, Seppi, & Olsen (2016), 3D scanning is used in 

conjunction with clay and fiducial markers to enable users to create 3D models around existing 

objects. Whilst their method is novel and yielded positive results, it is also limited in terms of 

the material the user can work with. Furthermore, whilst the users’ interaction with the 

software is kept to a minimum, the software itself was created for the purpose of the study, 

and as such, their contribution is not likely to benefit users for quite some time. 

3.3 Maker Movement 

The Maker Movement is a coming-together of ‘do-it-yourself’ (DIY) culture and the crafts 

movement popularised in the US during the 1940s and 1950s (Mota, 2011). The mindset and 

original movement was a response to the cost savings necessary during and immediately 

following the Second World War, as well as the growing accessibility of fabrication tools (Mota, 

2011) (Jencks, 2013). Since then the movement has grown into a creative act of rebellion 

against mass production, consumerism and waste – largely enabled by online communities 

and increased access to sophisticated fabrication techniques (Mota, 2011).  

Whilst the Maker Movement is diverse and refers to people working with almost any craft, 

Amy Spencer (2008) defines their unifying DIY stance as follows: 

The DIY movement is about using anything you can get your hands on to shape 

your own cultural entity: your own version of whatever you think is missing in 

mainstream culture. You can produce your own zine, record an album, publish 

your own book - the enduring appeal of this movement is that anyone can be an 

artist or creator. The point is to get involved. (Spencer, 2008) 

In this thesis I will refer to this kind of activity as Making and the people who engage in it as 

Makers. I will also use the terms Novice and Novice Makers interchangeably to indicate 

people who lack the experience of Makers, gained either through profession or the pursuit of 

Making as a hobby. 
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3.3.1 Makerspace 

The shared desire amongst Makers to access tools and equipment to further their crafts has 

converged into what is commonly referred to as ‘Makerspaces’ (Hudson, Celena, & Parmit K, 

2016). As the name suggests, these are spaces intended to facilitate Making. A Makerspace per 

se is not a strictly defined format but is generally thought of as a collaborative space where 

individual Makers can come together, to learn and share – gaining access to a larger subset of 

tools and experience than any single Maker might have on their own (Hagel, Brown, & 

Kulasooriya, 2013). More recently, Makerspaces have started appearing as parts of public 

institutions such as schools, libraries and universities. These non-profit Makerspaces made 

available to the public often lack the skill and expertise offered in a Makerspace founded and 

run by people who are Makers themselves (Hudson, Celena, & Parmit K, 2016). Often being 

non-profit and run by volunteers, these Makerspaces instead tend to prioritise providing 

access to more expensive tools such as 3D printers and laser cutters, leaving it up to the visitor 

to understand their use beyond the basics (Hudson, Celena, & Parmit K, 2016). 

Beyond this general definition of a Makerspace there are also initiatives such as the ’Fab 

Foundation’ 6 which has established a specific franchise format for what they term ‘FabLabs’. 

Any Makerspace around the world can apply to become an officially branded FabLab. This 

requires that the Makerspace provide access to a baseline of tools and equipment specified 

within the FabLab format. It also requires that the space be made available to the public free 

of charge a certain number of hours a week. The baseline specified7 includes tools such as laser 

cutters, CNC milling machines, 3D printers, as well as a general assortment of electrical 

components and microcontrollers. It also mandates that the space be run as a non-profit, 

encouraging visitors to become volunteers. However, unlike most Makerspaces which vary 

widely in terms of the expertise and availability of volunteers (Gershenfeld, 2012), for a 

FabLab to be open there must be volunteers present able to operate the baseline equipment. 

In this study Makerspace will refer to any form of publicly available Makerspace, including 

FabLabs. In turn, FabLab will refer to Makerspaces with a similar baseline in terms of 

equipment and expertise provided. 

4. Methodology 

This section will cover the methodology and practical execution of this study. I will start by 

elaborating on the methods chosen for data collection and analysis. Then I will describe the 

practical work leading up to the workshops, elaborating on the iterative changes implemented 

in the final three sessions. I will then describe the work that followed each workshop, going 

into the process of 3D scanning, post processing and 3D printing. Lastly, I will elaborate on 

my informal exchanges with the coordinator at the local FabLab. 

                                                        
6 http://www.fabfoundation.org/index.html  
7 http://www.fabfoundation.org/index.php/setting-up-a-fab-lab/index.html  

http://www.fabfoundation.org/index.html
http://www.fabfoundation.org/index.php/setting-up-a-fab-lab/index.html
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4.1 Methods 

4.1.1 Triangulation 

Triangulation is an approach to qualitative data gathering common within HCI research, 

described as involving “[...] the use of different methods and sources to check the integrity of, 

or extend, inferences drawn from the data.” (Ritchie & Lewis, 2003). According to Richie & 

Lewis (2003) the value of triangulation is of some dispute, and there are two main stances one 

might take towards the approach: Traditionally 

triangulation has been used as a form of verification, 

whereby observed phenomena can be verified by 

multiple data points. The more recent sentiment 

contests this, suggesting that it is not the validity but 

the breadth of data and the consequent depth of 

analysis that triangulation offers.  

In this study I refer to the latter of these two 

perspectives, relying on multiple data points gathered 

during and after our three main workshops. The three 

methods of data gathering were: (1) observations - 

backed up by video footage and notes taken during the 

session, (2) questionnaires administered at multiple 

points throughout the study, and (3) informal 

interviews with various parties. 

4.1.2 Workshops 

Participatory Design (PD) is a design tradition concerned with involving the final user in the 

design and development of technology and software (Greenbaum & Kyng, 1991) (Muller & 

Kuhn, Participatory design, 1993). The tradition itself does not belong to any single field of 

research or practise, rather it is a coming together of many different fields involving, 

humanities, industry and public institutions (Muller & Kuhn, Participatory design, 1993). 

Workshops are common within PD methods and often entail diverse parties coming 

together to explore novel procedures outside of conventional practise (Muller & Durin, 2007). 

Muller & Durin (2007) defines ‘hybrid space’, referring to the space in which such workshops 

are conducted, emphasising the mutual unfamiliar space created where diverse practitioners 

or practise meet. In a sense it is a hybrid between the two common approaches of ’bringing 

the designers to the workplace’ and ’bringing the workers to the design room’ (Muller & 

Durin, 2007). 

The goal and structure of such workshops vary but tend to emphasise using simple 

materials to express and explore ideas - both abstract and tangible. Post-it notes, clay and 

similar materials are preferred for their low barrier to entry, allowing almost anyone to 

participate in practical activities (Muller & Durin, 2007). 

This approach is often used as an exploratory basis, informing the early design process, or 

throughout a larger process, iterating on some particular approach or aspect of the design 

(Muller & Durin, 2007). 

Figure 1: Summary of Triangulation 
datapoints 
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Since this study involves multiple parties and interest groups – all either unfamiliar with 

traditional form finding via CAD or the alternative approach explored – workshops offered a 

common ground from which further action could be motivated.  

4.1.3 Data Points 

Seeing as PD emphasises a broader perspective, methods for data gathering will tend to 

emphasise multiple accounts and perspectives (Muller & Durin, 2007). Interviews make out a 

common baseline, providing insight into participants personal contexts (Ritchie & Lewis, 

2003). However, interviews require some degree of structure and therefore they do not 

inherently lend themselves to gathering naturalistic data. Because of this, interviews are often 

combined with naturalistic observations, whereby the researcher base their inquiry on 

observed behaviour or phenomena (Ritchie & Lewis, 2003). Whilst observations used in 

anthropological and ethnographic traditions tend to see the researcher removed from the 

observed situation (Randal & Rouncefeild, 2018), methods such as contextual design revolve 

around the researcher’s direct involvement in the situation of study (Holtzblatt & Beyer, 2018). 

Foregoing detailed note taking, the researcher can instead focus on the activity at hand, basing 

their inquiry in the moment, as a form of informal interview. Such an approach is more likely 

to provide insight into unreflected or tacit knowledge, often key to practical tasks and actions 

(Holtzblatt & Beyer, 2018). 

Whilst this informal form of interview may forego insight into a participant’s background, 

such information can to some degree be gathered by other means. Questions such as the 

participant’s age, gender and general background can be easily gathered through the use of 

self-answer questionnaires (Benyon, 2013). Questionnaires generally do not lend themselves 

to gathering qualitative data, but it is nevertheless not uncommon for questionnaires used 

within HCI research to feature questions requiring the participant to elaborate or provide 

qualitative descriptions. This can be a compromise in situations where an interview is not 

possible (Benyon, 2013). 

4.2 Workshops 

The timeline of my study leading up to- and including our three main workshops can be 

divided into three distinct phases, depicted in Figure 1. The first phase (blue) covers the work 

that went into preparing and iterating on the workshop structure. This included an initial 

exploratory session in which we established a baseline structure for the workshops, as well as 

a pilot workshop with representatives from involved parties. The next part (green) covers two 

focused sessions dedicated to familiarising ourselves with the materials and technology central 

to the workshops. These two sessions included myself, my co-researcher, and the coordinator 

at the local FabLab. And finally, the last phase (orange) covers the three main workshops as 

well as our selection of participants.  

Figure 2: Timeline depicting the work leading up-to and including the final three workshops 
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4.2.1 Preparations and Pre-workshop 

The initial phase of this study was an explorative workshop intended to lay the rough 

foundation for the upcoming workshops. It was conducted by myself, a co-researcher, two 

researchers from the Innovation+ project and the coordinator at the local FabLab - all involved 

parties with their own interests. Leading up to the workshop, I and my co-researcher laid out 

a rough outline for the workshop, whereby we would take the roles as facilitators, mainly 

focused on helping the participants, making use of equipment and exploring their ideas. The 

remaining participants would take the roles of “idea carriers”, having been instructed to come 

prepared with some idea or challenge for them to make using the available materials. The 

materials specifically brought or prepared for the workshop was Salted Dough, a construction 

set for children called ‘++’8, ’Magnet Sticks’9 and LEGO. Since the workshop was conducted at 

the local FabLab, there were plenty of tools and other materials available, alleviating the need 

to explicitly plan beyond any specific materials we would like to explore. In additional to this 

general outline, we also prepared an initial mind-mapping exercise (Nielsen, 2010) intended 

to gather participants initial impressions and expectations of the upcoming Making process – 

going from idea to a 3D printed object. 

Our intents for the session was (1) to establish a rough time frame for the upcoming 

sessions, (2) identify additional tools or materials relevant to future workshop, and (3) to 

familiarise ourselves with the 3D scanners made available to us. 

The session itself lasted about two hours, with an additional 1 hour spent learning how to use 

the 3D scanners. Throughout the workshop three objects where created which could later be 

scanned and printed (Figure 3). These were: an ornamental tea bag holder made from salted 

dough, and two variants of a keychain meant to look like the outline of a mountain ridge, one 

made from salted dough and the other out of MDF, cut and engraved using a laser cutter. As 

an experiment, the shape cut out of MDF was hand drawn and photographed, relying on an 

automated software process to turn the photograph into a vector shape. Ordinarily one would 

draw the shape in the vector software, but this naturally relies on the user knowing how to do 

so. 

Based on the results, 2 hours was considered an appropriate time frame for our workshops. 

Clay was identified as a one of the more promising materials and as such, we would be looking 

                                                        
8 https://www.plus-plus.us/  
9 https://www.amazon.co.uk/Magnetic-Sticks-1336-184-pieces/dp/B0001VJWH0  

Figure 3: The results from our initial session. 

https://www.plus-plus.us/
https://www.amazon.co.uk/Magnetic-Sticks-1336-184-pieces/dp/B0001VJWH0
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into some more appropriate clay for future workshops. It was also determined that it would be 

appropriate to involve the laser cutter provided that the shape could be hand drawn and turned 

into a vector similarly to the Keychain.  

4.2.2 Pilot 

The next session was considered a pilot and was conducted with representatives from the 

business incubator ‘Innovationssluss Västerbotten’10. We would be relying on this incubator 

to put us into contact with entrepreneurs to act as participants, and as such, this session was 

considered as an opportunity to give our partner a better impression of what our workshops 

would be about.  

Leading up to the workshop, each participant was sent a draft introducing the theme and 

premise for the workshop (Appendix A). In this invitation, they were instructed to come 

prepared with an idea or concept to explore during the workshop. The workshop was 

conducted similarly to the previous session, with some minor changes. Mainly, a 2-part 

questionnaire was put together (Appendix B), the different parts to be answered before and 

after the session respectively. The first part inquired about the participants general 

background as well as their 

experience with 3D printers and 3D 

scanners, and the second,  about 

their impression of the approach 

explored in the process. Three GoPro 

cameras were also placed throughout 

the FabLab, giving us a top down 

view of the working areas. The only 

object created in this workshop was 

an ergonomic painter’s palette 

(Figure: 4) made out of salted dough. 

The object consisted of two parts 

scanned separately and combined in 

software before printing. 

4.2.3 Materials workshops 

Initially we had only planned for one material session but as we were forced to cancel the first 

workshop session due to a lack of participants, we decided to make use of the cancelled 

workshop and have a second material session. During these focused sessions, five objects were 

made using LEGO, paper and salted dough. These objects were intended to test various aspects 

of the workflow, experimenting with scale, surface texture and fine details. Some of these 

objects can be seen below. 

After these sessions it was decided to omit the consumer scanner which we had included in 

our previous sessions, as it was not deemed accurate or reliable enough. Instead we would only 

                                                        
10 https://www.vll.se/innovationssluss-vasterbotten 

Figure 4: 3D printed painter palette created in pilot. 

https://www.vll.se/innovationssluss-vasterbotten
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scan objects after each session using the industrial 3D scanner made available to us11. We also 

decided to include the resulting objects as examples in our upcoming workshops. 

4.2.4 Final sessions 

During the pilot session it was observed that some participants were having difficulties 

engaging with the material. Taking this into consideration, the mind mapping exercise was 

omitted to instead allow for a warm-up exercises, during which everyone present would make 

a game piece out of clay. The workshop introduction and questionnaire were also iterated upon 

and versions in English were prepared. We also created an online questionnaire, to be 

answered once the participants had received their printed objects, inquiring about their 

impressions after the fact. No other major changes were made in between the sessions, only 

slight adjustments being made depending on the participants in each workshop. 

4.2.5 Participants 

Throughout our workshops we had a total of ten participants, four in our initial pilot and six 

in our three main sessions – two participants in each session. The four participants in our pilot 

were representatives from the business incubator Innovationssluss Västerbotten. These 

participants had a common background in management and none had any prior experience 

with CAD or 3D printers. Apart from one, none expressed having a background working with 

the materials at hand or general handicrafts such as painting or sculpting.  

The participants in our final three workshops can be divided into two groups: The first being 

entrepreneurs in the process of developing a commercial product, and the second, general 

applicants. Our main requirement for both groups were that participants should have little to 

no experience working with 3D printing or 3D modelling – no requirements were made in 

terms of age, gender or nationality. The entrepreneurs were recruited via Innovationssluss 

Västerbotten following the pilot session, and the general applicants were recruited through 

partial convenience sampling. An open invitation was posted on Facebook pages associated 

with Umeå University and Sliperiet (Appendix C). 

In total, six participants were recruited (two entrepreneurs and four general applicants), all 

women ages 23 to 65 (median age 32,5).  The workshop held with the entrepreneurs was 

conducted under a confidential disclosure agreement (CDA) signed by all parties present. As 

such, no visual material or in-depth descriptions of the objects created during that session can 

be shared as part of this study. 

The two entrepreneurs were both in the process of developing a concept into a commercial 

product (separately) and will be referred to as entrepenour-1 and entrepenour-2. 

Entrepreneur-1 had a long career working in leadership roles within municipal healthcare, and 

entrepreneur-2 was a part-owner in a publicly traded company, and had some experience 

developing commercial concepts. Neither, had any experience with CAD or 3D printers, and 

only entrepreneur-2 expressed having some familiarity with handicrafts, working with clay as 

a hobby. 

Out of our four regular participants, two were students in their mid-20s at the Institute of 

Informatics. Both were from the master’s program in HCI, from the first and second years. 

                                                        
11 https://www.creaform3d.com/en/metrology-solutions/portable-3d-scanner-handyscan-3d  

https://www.creaform3d.com/en/metrology-solutions/portable-3d-scanner-handyscan-3d
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Both expressed being somewhat comfortable with handicrafts, having experience with rapid-

prototyping and similar activities. Although they had access to 3D printers via their program, 

neither knew much about 3D modelling, and as such, had not used them personally. Another 

participant – also in her mid-20s – was a former engineering student from France. Owing to 

her background, she had some experience working with conventional CAD such as 

SolidWorks. She did not however have any experience with the kind of CAD more commonly 

used for 3D printing, nor had she ever used a 3D printer. Our final participant was a self-

professed artist and maker – having worked with everything from typography and illustration 

to sculpting and painting. She was officially retired but worked as a volunteer at Sliperiet. 

Despite being familiar with the FabLab environment, she had no experience working with CAD 

or 3D printers. 

4.2.6 Ethical considerations 

Measures were taken to guarantee the well-being and integrity of each participant in 

accordance with the principles listed by the Swedish Research Council (Vetenskapsrådet, 

2002). To that end all participants were made aware that their involvement in this study was 

fully voluntary and that no visual material which could be connected to their own identity 

would be made public without their express permission. 

4.3 Beyond the workshops 

After the workshops were complete, several personal workshops were held at the FabLab. 

These were prompted by my thesis shifting-focus towards a more applicable outcome, relevant 

to both my own interests as well as those of the local FabLab. During these workshops I 

explored some of the more promising materials and techniques to come out of our workshops. 

The aim was to gain a better impression of how 3D scanning can be used to make functional 

objects requiring as little use of CAD software as 

possible. During a 2-month period, three types of 

functional 3D-printable objects where created using 

paper, clay and fabric. The three types of objects were 

pencil-holders (Figure: 6), ergonomic grips for tablets 

(Figure: 5) and lamp-shades (Figure: 6). The processes 

of making these objects were documented and iterated 

upon, becoming simpler as I gained a better 

understanding of the technology and software 

involved. Once I had a clear-cut method for each type 

of object, I arranged an informal interview/discussion 

session with the FabLab coordinator. During the 

session I demonstrated what I had made and how.  The 

purpose of this was to develop a concrete 

understanding of how 3D scanning could be used as a 

part of general Makerspace environments and what 

would be required to enable Novices and Makers to 

utilise 3D scanning in a practical manner. My line of 

Figure 5: Tablet grip made after the 
final workshops 
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inquiry did not focus on the broader circumstances of the problems facing newcomers – such 

as inexperience with CAD or technical issues. Instead, the inquiry focused on the coordinator’s 

impressions and ideas about how the problems facing newcomers to 3D-printing relate to the 

general Makerspace environment. 

4.4 Post-processing 

After each workshop session the objects created were scanned using a ‘HandySCAN 300’12. At 

this stage the 3D models were required to go through a manual clean-up process using a 

software called ‘Meshmixer’13, which is specifically intended to prepare scanned models for 3D 

printing. This process required anywhere from a few minutes to several hours depending on 

the complexity of the model and any additional preparation required – such as combining two 

parts of an object that had been scanned separately, or conversely, splitting an object to make 

it more appropriate for printing. Of note, despite my own experience working with various 

CAD software, the time spent on preparing any one 3D model became significantly shorter as 

I became more familiar with the specific software throughout the course of the study.  

After a model had been prepared it was brought into yet another software called ‘Cura’14. 

Cura is what is commonly referred to as a slicer software and it is through such software that 

a 3D model is converted to a format that a 3D printer can interpret. Through Cura, aspects 

such as the level of detail and the solidity of the printed object are determined. The more detail 

and the more solid an object is to be, the longer it will take to print. Most objects in this study 

were printed at a layer thickness of 0.15 mm and with a wall thickness of 1.2mm, objects taking 

anywhere from 1 to 12 hours to print. These settings offer a good compromise between print 

                                                        
12 https://www.creaform3d.com/en/metrology-solutions/portable-3d-scanner-handyscan-3d  
13 http://www.meshmixer.com/  
14 https://ultimaker.com/en/products/ultimaker-cura-software  

Figure 6: Left: pensile holder, Right: lampshade. Both made following the final workshops 

https://www.creaform3d.com/en/metrology-solutions/portable-3d-scanner-handyscan-3d
http://www.meshmixer.com/
https://ultimaker.com/en/products/ultimaker-cura-software
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speed and quality, and whilst the Ultimaker 2+15 used throughout this study is a high-end 

commercial printer, most FDM printers can achievable results similar to the ones in this study. 

4.5 Analysis 

The process of data analysis was a qualitative content analysis focusing on underlying 

meanings (Latent content) (Graneheim & Lundman, 2004). Content Analysis is a common 

approach to qualitative data analysis where patterns and understanding are extracted from a 

larger data set. The process of analysis in this study was informed by (Graneheim & Lundman, 

2004) (Braun & Clarke, 2006) and, below is a general description a content analysis base of 

the process outlined by Braun & Clarke (2006). 

• In the first step the researcher familiarises themselves with the gathered data, also 

referred to as the unit of analysis. The unit of analysis should ideally be 

comprehensive, consisting of transcripts or observation protocols; however, it should 

also be small enough to be kept in mind. 

• Next, the unit of analysis is split into separate parts consisting of words or statements, 

each representing a meaning; these are referred to as meaning units. These meaning 

units are then assigned with short phrases that capture the significance of the meaning 

unit. These are referred to as codes and are intended to make it easier for the researcher 

to see the bigger picture. 

• Next, these codes are grouped together into categories. These categories should cover 

all data, leaving no code untreated. 

• Finally, themes are formulated based upon reoccurring patterns.  

In this study the procedure of analysis differed in two ways from the one described above. 

First, rather than the analysis being conducted at the end of all data gathering, the first two 

steps of familiarisation and formation of meaning units were partially conducted during and 

after each session. Since my own involvement in the workshops did not allow for formal 

observations or structured interviews which would normally have been transcribed, the unit 

of analysis instead consisted of notes and in situ observations backed up by video. As such the 

unit of data had already been split into what might be considered meaning units. After all 

workshops had been conducted, these meaning units were then added to as part of the formal 

first steps, including the questionnaires administered throughout the study in the unit of 

analysis.  

My approach also differed in that categories and themes were recognised before the formal 

analysis had reached that stage of the process. This was not considered a problem seeing as it 

was not the workshop structure itself that was the focus of study, rather it was the participants’ 

interaction with the material. As such, it was deemed appropriate to identify patterns and 

themes over time that would allow us to better structure the workshops. 

Aside from these deviations, the process of analysis followed the formal process outlined 

above. The resulting themes were then used to guide the discussion answering the initial 

research question.  

                                                        
15 https://ultimaker.com/en/products/ultimaker-2-plus  

https://ultimaker.com/en/products/ultimaker-2-plus
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5. Results 

The following sections will cover the main work of this study, divided into two parts. The first 

part covers the data gathered during our workshops which took the form of questionnaires 

filled in before and after each workshop, general impressions gathered spontaneously 

throughout each session and backed up with video recordings, as well as informal interviews 

with participants. These data points were chosen with the workshops’ broader focus in mind 

and were not intended to be considered independent of each other. Instead they make out a 

form of triangulation, each contributing to an overarching understanding. 

The second part covers the Learning Material created after the workshops (Appendix), 

focusing on the preliminary evaluation conducted with one of the participants from our final 

three workshops. I will not be able to go into detail describing the learning material, but they 

are made available as an additional appendix16, and the underlying theoretical basis will be 

discussed in a later section. 

5.1 Workshop Results 

This section will be presented as one contiguous text, but to help the reader and make my focus 

clearer, I have defined four themes derived from the gathered data and central to my focus: 

Familiarity, Idea, Involvement and Process. These themes will not be explicitly called 

out as they become relevant, instead they will be briefly outlined here to serve as a guide of 

sorts.  

Familiarity: refers to the participant’s experience working with specific materials or 

practical handicrafts such as sculpting or paper-crafts.  

Idea: refers to the significance of participants having come prepared with some idea of 

concept in mind. A participant may for instance have a clear idea of what and how they would 

like to make, (a painter’s palette made using clay). But they may also have a less defined idea, 

not having thought about the specifics of the making process (a decorative wrist brace).  

Involvement: refers to effects of having been either more or less involved in specific parts 

of the making process. Participants may for instance have felt less involved as a result of not 

being present for the actual printing of their object, or conversely, they may have felt more 

involved because they took part in the scanning process. 

Process: refers to the influence of the practical making process on a participant’s idea and 

ultimate outcome. Pursuing their initial idea, a participant may for instance have come to 

think of their idea as something entirely different (what was first intended to be a wrist-brace 

became a lamp shade) 

Starting by considering the three final workshops, all participants were able to create one 

or more objects that were scanned and printed. Apart from entrepreneur-2, all filled in the 

follow-up questionnaire (Appendix E) once they had received their printed object. Whilst all 

did manage to create something, it was apparent that some had a harder time than others 

getting started. Entrepreneur-1 stands out, as her concept - whilst not necessarily overly 

complicated - consisted of several parts, making it somewhat difficult for her to immediately 

approach any of the materials available. She was one of the few who had brought some visual 

                                                        
16 https://drive.google.com/file/d/1ZAGZxIHilC7B7JzjAZDQlgLCDy8XHECE/view?usp=sharing  

https://drive.google.com/file/d/1ZAGZxIHilC7B7JzjAZDQlgLCDy8XHECE/view?usp=sharing
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material with her, demonstrating her concept. Still, it became a problem of condensing it down 

to some specific aspect that she might be able to explore during the workshop. We did our best 

to provide feedback and advise on what she might do, and eventually she did get going.  

It was a similar case for entrepreneur-

2, although she did not have quite the 

same difficulties getting going; based on 

conversations during the workshop this 

was likely owing to her familiarity working 

with clay, giving her a familiar place to 

start, even though she eventually switched 

to working with LEGO. One of our regular 

applicants also had a similarly difficult 

time, but unlike entrepreneur-1, this was 

likely down to her not having come 

prepared with an idea or concept in mind. 

Eventually she opted to extend the 

painter’s pallet from our pilot workshop, 

using LEGO and clay to add a gap 

underneath, where a wrist strap could be 

fastened (Figure: 7). 
There was one more participant who also did 

not bring any specific idea with her, this 

participant was however also somewhat 

familiar with clay and she was quite 

content modelling a palm-sized character. Of 

note is the way she approached it: she started 

by sculpting the head of her character and as 

she then transitioned into making the body, 

she realised that it would be difficult to make 

her character stable enough with the head 

attached. We advised her that we could scan 

the head and body separately and combine 

them in-software before printing it. Upon 

hearing this, she proceeded to sculpt a 

second head, instructing us to use the same 

body to make two distinct characters. 

Highlighting how through the process of 

Making new advantages enabled by 3D 

scanning became clear to her. (Figure: 8) 

Figure 7: Painter palette created during pilot 
as co-opted in later workshop 

Figure 8: Custom heal for period 
appropriate shoes 
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The two remaining participants both 

had ideas in mind and were familiar 

working with clay and general 

handicrafts, and out of all participants, 

these had the least problems getting 

going. The first of these two made 

custom heels for a pair of period 

appropriate shoes which she had been 

unable to wear. (Figure:9) The other 

participant wanted to replicate a type of 

commonly 3D printed object typically 

made in CAD using so called Voronoi 

generators. Not knowing anything 

about the process she had brought a 

reference picture of a decorative wrist brace, hoping to replicate it. Trying various materials 

and approaches, the final object was a rolled-up stencil of sorts, that had been hand-drawn 

and laser-cut into paper. Of note, through the making process the participant came to realise 

that whilst the final object may not end up working as a wrist brace, she could probably 

repurpose it as a lamp shade, commenting that she wished she would have thought about it 

earlier (Figure: 10). 

Whilst all participants in our 

final three workshops were 

able to create an object, only 

one out of the four 

participants in our pilot 

managed to do the same – this 

participant was the one who 

made the original painter’s 

palette out of clay. Common 

amongst those unable to 

create anything was that they 

had not come prepared with 

any specific idea, nor did any 

of them express having a 

familiarity with handicrafts 

or the materials at hand. Two mentioned that they had not touched clay since they were 

children, something heard repeated multiple times throughout our workshops. 

Taking all workshops into consideration, this unfamiliarity with handicrafts would seem 

to be the largest commonality among participants experiencing a hard time engaging with the 

material. And whilst having a concrete idea in mind for the workshop would seem to be a 

contributing factor, it appears to be a prerequisite for participants not already familiar with 

the material. Having a familiarity not only gave participants a head-start, but going about 

Figure 9: Abstract character-art created during 
workshop 

Figure 10: Ornamental wrist-braise 
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the process, it also allowed them to consider what new possibilities 3D scanning and 3D 

printing might bring to a familiar material. 

Shifting focus to the follow up questionnaire sent to our main participants, only two did not 

respond overly positively when asked about their satisfaction with the printed object. These 

were the previously discussed participants who had the most difficulty during the workshops. 

The participant who made the extended painter’s palette answered that whilst the object was 

very similar to the one she made, she wished that she had been involved in the software post-

processing. This way she would have been able to smooth-out some of the folds and creases 

captured in the clay. On a Likert scale inquiring about their degree of felt involvement in the 

Making process - 0 (zero) corresponding to ‘Not at all’ and 5 to ‘Very much so’ - this participant 

was one of only two to indicate a 3, all other rating it as either 4 or 5. She further elaborated 

again noting that she wished she could have been involved in the post-processing. With her 

engineering background in mind; not being able to take part in the post-processing may have 

been a bigger detractor to her involvement than it was for those less knowledgeable of this 

part of the process.  

Entrepreneur-1 was not as in-depth, simply answering that she was “Moderately” satisfied. 

She also rated her degree of felt involvement as a 3, elaborating that she was not involved in 

the printing process. It is worth noting that all participants were offered to see the scanning of 

their object and the only one who took us up on this offer was also the only one to indicate 

their felt involvement as a 5. The participant in question was the one who made the custom 

heels and she stood out as one of the more enthusiastic about the potential of using 3D 

scanning for projects like her own. 

Whilst most of our participants were generally interested in the approach explored in our 

workshops, it was the participants who were the most self-going who could also most readily 

offer feedback. This was true for both the questionnaire answered at the end of the workshop, 

as well as in the follow-up questionnaire. Of particular interest, when asked what other ideas 

or concepts they could imagine for a similar workshop, three participants mentioned that it 

was hard to come up with anything. Two noting that they would likely have loads of ideas if 

they had more direct access to the technology. 

It is worth noting that the participant most enthusiastic and able to provide feedback, was 

the volunteer at Sliperiet. Even though she had no prior knowledge of the 3D scanner; having 

spent time at Sliperiet, helping others with, and pursuing her own projects, may well have 

contributed to her drive and personal motivation to engage. Similarly, the participant who 

made the wrist-brace-turned-lamp-shade was a student at the master’s program in HCI. 

Whilst she herself had not interacted much with 3D printers - lacking the knowledge to work 

with CAD -  she had still been around the technology, seeing what others could make. Like the 

FabLab volunteer, this participant also stood out as eager to provide feedback offering further 

credence to the positive influence of having spent time in Makerspaces such as FabLabs and 

Interaction Labs. 
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5.2 Next step 

In this section I will present the key points arrived at during, and leading up to, my meeting 

with the local FabLab coordinator. The purpose for presenting this as part of my results is to 

better address my second research question as it relates to the ‘Learning Material’ created 

following this meeting. During this meeting I demonstrated the objects which I created 

following the final workshops (Appendix), with the discussion centring on 3D scanning as a 

means to enable Novices in Makerspaces. I will present these results focusing on two themes 

formulated around the premise that Novice-visitors at Makerspaces do experience difficulties 

engaging in Making activities. These were not questions formally asked as part of any interview 

or discussion, instead they were formulated after the fact in the interest of presenting the 

coordinator’s impressions and experiences succinctly. 

● What obstacles hinder efforts at making it easier for novices in Makerspaces? 

The coordinator sees it as natural that a lot of their visitors would benefit from the kind of 

personal help offered the participants in our workshops. As he sees it, being uncertain about 

the tools and general space can understandably make the Makerspace environment appear 

daunting. Even if all a visitor would like to do it to use a hand saw to cut a piece of wood, they 

might still find it difficult to take the initiative. In his experience, this is less of an issue for 

visitors who mainly need to be assured that they are in fact ‘allowed’. The real issue lies with 

the novices who want to make something or use some particular piece of equipment which 

they have little to no experience with. Being non-profit and thus relying on volunteers, 

Makerspaces simply lack the capacity required to provide in-depth help in many such cases; 

showing someone how to use a hand tool is generally trivial, but less so for demonstrating the 

software required to use tools like the laser cutters or 3D printers. 

Again, referencing to their non-profit nature, the coordinator notes that they do strive to create 

instructions and guidelines to help these newcomers and novices. The problem with this is 

that those sorts of efforts must either be undertaken by the coordinator himself or by the 

volunteers on their own volition. Furthermore, providing basic instructions on how to use CAD 

software can only help so much, and the best they can usually do is direct the curious novice 

towards some specific novice-CAD and advise them to find tutorials online.  

● What do Makerspaces need in order to engage novices in Making? 

Shifting focus towards what the coordinator feels is required, the ideal he describes is being 

able to bridge the gap between something that exemplifies what is possible to make, and 

something that demonstrates how something can be made. The coordinator has some 

different ideas of what this might entail but the most explicit would be to show the material at 

each step of the process, leading up the final outcome. He reasons that by making the process 

clear and tangible to the newcomer, they should be able to dispel potential preconceptions 

about an unfamiliar tool or material, that might otherwise discourage them. Ideally this would 

also suggest something about how a maker might go about something in a different way, 

recognising possibilities to use different materials or techniques. 
  



 

25 
 

5.2.1 Learning Material Evaluation 

As the last step of my study the Learning Material created was preliminarily evaluated with 

one individual over two separate sessions. The first covered the creation and 3D scanning of 

the physical object and took place at the FabLab. The second covered the work in Meshmixer 

as well as the final 3D printing and took place at the institute’s interaction lab.  

The participant was chosen on the basis of being the one who had inspired the papercrafts 

guide in one of our previous workshops. Having some personal interest in the creative task, 

the hope was that the activity would resemble a more real-life use case.  

The participant was handed a printed version of the guide and was instructed to follow the 

instructions. During the time I was present, the participant was encouraged to think of me as 

a lab volunteer there to help with equipment and tools. It was added that they should inquire 

about unclear aspects of the instructions but only if they found themself unable to progress, 

rather making a note on the printed instructions for me to review later. 

For the first session I took the role of a would-be participant, following the same 

instructions; I did so in the interest of not putting too much pressure on the participant, and I 

made sure to stay some steps behind to not lead by example I also. For the second session I 

was only present part-way through, leaving after about 40 minutes. Each session took about 2 

hours, and the participant only required in depth assistance on two occasions. First, during 

the initial session, the participant was given a general introduction to the ‘pen-tool’ in Adobe 

Illustrator, and second, at the very end of the second session, the participant needed help 

preparing their finished 3D model for printing. 

Whilst the participant was able to create the final 3D model with only minor help, the 

instructions did not factor in some of the limitations inherent to FDM 3D printers. As a result, 

the instructions covering the final preparations required before printing proved insufficient 

and the model could not be reliably printed. The issue was not overly difficult to overcome for 

someone familiar with 3D printing and upon receiving help with the final preparations, several 

successful of print could be made over the following days (Appendix F). 

6. Workshop Discussion 

In this section I will discuss the results from the workshops previously presented, starting by 

focusing on my four themes and how they relate to the goals of Innovation+ and similar 

initiatives. In doing so I will also be answering my first research question and after that I will 

discuss some of the limitations with the first part of this study. 

The general impression is that a concrete idea can be a double-edged sword; on the one 

hand having something in mind seems to be the largest common factor for participants being 

able to both engage with the material and also to arrive at a successful outcome. On the other 

hand, the entrepreneurs who arguably had the most well-developed concepts, also stand out 

as having a harder time approaching their concepts within the premise of the workshop. To 

that end, it would seem that even someone who has only had indirect experience with 3D 

printing, will be at an advantage in this regard. With that I mean to say that by  being around 

or by interacting with 3D-printed objects, participants are likely to gain insights and 

impressions that can guide their choice of project, as seen with the participants who made the 
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wrist brace and custom heels. That being said, whether you have prior experience or not, 

overcoming the initial barrier would seem especially difficult for those lacking a general 

familiarity with handicrafts and who are unfamiliar with explorative design processes. At this 

point I would like to address my initial research question. 

❖ To what extent can a Designerly approach enable Novices to work with 3D 

printing as part of Design Practise? 

A designedly approach can only hope to involve novices in practical Making to the extent that 

they can allow themselves to playfully explore and experiment. As such, it is pivotal to account 

for the Novice’s familiarity with handicrafts. This is in no way to say that they have to be self-

imagined Makers, artists or craftspeople, but rather that they are able to not just tell, but to 

also show and give physical form to their ideas. Gershenfeld (2007) considers these to be skills 

that we all learn naturally as children, but unfortunately, as we become adults, many of us 

proceed to unlearn them. This may come off as harsh, but I want to press that any organisation 

that wishes to involve their larger workforce creatively, will also have to give them the 

environment and means of warming up to Making once again.  

With this in mind, the main conclusion from our workshops is that when it comes to the 

process of giving form and material shape to the abstract, the biggest barrier-to-entry is not 

access to the technology, nor is it necessarily the knowledge required to use it, rather, it is what 

might be referred to as the ability to think through the medium (Pallasmaa, 2009) or 

conversing with the material (Schön, 1983). It is through this baseline ability that the Maker 

can ‘befriend’ and come to understand their idea beyond needs and requirements, focusing 

instead on the underlining desire that their idea seeks to satisfy (Nelson & Stolterman, 2012). 

At this point it starts to become apparent that the continued line of inquiry relevant to this 

study, as well as to the goals of projects such as Innovation+, requires a more general context. 

With this I mean to say that Novices unfamiliar with Making are best accommodated on a 

level where it makes little difference that they are working as employees within the bounds of 

an organisation, or that there are financial interests involved. What is most important to 

understand is that the mindset required to take the initiative – using Making as part of 

explorative design practise – has to be gradually built-up to. As such, the challenge at hand is 

much the same as the one facing any FabLab or other public Makerspace, namely the challenge 

of how to enable people to act and Make with self-autonomy  (Pallasmaa, 2009). 

This broader line of inquiry not only makes for a more fruitful endeavour, but it also gives 

the benefit of what has already been established in terms of the prevalence of the Maker 

Movement and efforts in spreading Making into new spaces. Whether the goal is to spread it 

into hierarchical organisations, design research or general society, the overarching challenge 

will be the same.  

Before continuing this thread by discussing the second part of my study, I will first elaborate 

on some of the limitations with the workshops in this study as well as the selected methods for 

data gathering. 
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6.1 Workshop Limitations 

Focusing on the workshops in the first part of this study, there are a few key aspects that could 

have been done differently. First and foremost, whilst no 3D modelling software was used 

during the workshops to create the 3D scanned objects, this does not change the fact that 

before they could be 3D printed, all 3D models had to undergo a software clean-up process. 

This step will likely become less of a factor as consumer-oriented scanners improve, but as 

long as it has to be obfuscated or otherwise left out, it will be a potential detractor from the 

participant’s felt involvement. I attempt to address this with the learning material created after 

the workshops, but as it was the ideal that no software be required it is nevertheless important 

to recognise the shortcoming. 

The second aspect of concern was our methods of data gathering. Whilst the methods 

themselves may have been suitable, there were certain changes and additions that could have 

been made to the questionnaires. For instance, by adding a few questions inquiring about the 

participants’ experience working with handicraft, we would not have had to rely as much on 

our recount of conversations (some more in-depth than others). The study could also have 

greatly benefited from some form of formal follow-up interview in place of the online 

questionnaire. Even if we likely would not have been able to arrange interviews with all 

participants, any would have been a valuable complement. On that note, considering that I 

opted for a content analysis, proper interviews would also have offered a more suitable analysis 

unit, possibly leading my analysis in a different direction. As is, my data could be argued as 

insufficiently comprehensive for the chosen method of analysis. That being said, I do not doubt 

the results and conclusions drawn from the workshops. 

7. Learning Material Discussion 

As previously discussed, coming up with something to make can be easier said than done, 

especially if you are not experienced or comfortable with the tools and materials at hand. It 

entails acquiring the self-assured knowledge and belief that you can in fact make something, 

and whilst getting to this stage is in practise non-trivial, the way to learn any handicraft – as 

put by Juhani Pallasmaa (2009) – is “through the act of sensory perception and mimesis”. Or, 

with other words, through interaction and imitation.  

Giving newcomers something to imitate or recreate is not overly difficult per se  – especially 

not for any reasonably well-established Makerspace. However, examples are not necessarily 

enough to enable just any newcomers to imitate, or at least not without some degree of 

personal help and guidance. Therein lies the biggest limitation with the public Makerspace 

context: their non-profit nature. As such, it is a natural starting point in addressing my second 

research question. 

❖ What is required of a Makerspace to enable a more diverse group of Makers to 

work with 3D printing? 

The number of visitors at Sliperiet ranges from a handful to dozens, whilst the number of 

volunteers present will seldom be more than three to four. These volunteers in turn are first 

and foremost expected to know their way around the basic handling of the lab’s equipment, 
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and as such any eventual expertise or experience a particular volunteer might have, cannot be 

taken for granted. This means that it will likely not be possible to devote enough attention to 

any one Novice, nor necessarily that there will be a volunteer with the required skills and 

knowledge present to do so. 

This is largely why the FabLab coordinator emphasise that Makerspaces be able to facilitate 

self-teaching, as it is simply not possible to treat a Makerspace the same as a focused workshop 

or classroom. What then, can be said to be required other than an outcome for the novice to 

imitate? There is merit to the coordinator’s notion of having objects and examples that 

inherently communicates how they were made, but it is a less than clear cut approach. 

Nevertheless, as the famous sculptor Constantin Brâncuși (1927) reportedly put it: 

You cannot make what you want to make, but what the material permits you to 

make. […] That is, we must not try to make materials speak our language, we 

must go with them to the point where others will understand their language 

(Brancusi, 1927) 

Knowing the language of the material as Brâncuși (1927) put it, is to some degree to 

understand the process through which an object was made. To that end, whilst a ‘novice’ may 

not be able replicate the work of a ‘master’, any understanding of the material’s language will 

provide the ‘novice’ with insight, guiding them in the process of recreating it (Pallasmaa, 

2009). Keeping this in mind, a Makerspace can be selective in what objects they display, taking 

into consideration which materials and techniques might be more relatable to Novices. 

However, this ideal, whilst perhaps less of a challenge in the case of material crafts such as 

carpentry, sculpting or sewing, becomes more challenging for objects created using 3D 

printers, or objects that otherwise largely rely on CAD as part of their Making.  

Whilst the plastics and other composite materials used in 3D printing certainly speak their 

own language, it is one that comes less natural to us. As Pallasmaa (2009) puts it: There has 

been a “...regrettable loss of the touch of the human hand in our mechanically mass-produced 

products and environments.”. Plastic – whether 3D printed or injection-moulded – conveys 

very little about an object’s material creation, or that is at least in the case of objects created 

through CAD. One might argue that this is change on account of substituting CAD with 

handicraft – the language of the handicraft material being at least partially transferred into 

the 3D printed object. It is beyond the scope of this study to properly address this philosophical 

line of thought; that being said, returning to the topic of the object's ability to convey its 

material creation, there is certainly some value to this notion. 

Holding a 3D printed object in one hand and a near identical clay model in the other, will 

inherently communicate something of their Making – both individually and separately. 

Leaning on the materiality of clay and the tangibility inherent to working with that material, 

the would-be-Maker will reasonably have some idea of how to go about creating something 

similar. Furthermore, knowing that the 3D printed object was based on the clay model, it 

becomes a matter of understanding one via the other: the clay acting as an interpreter between 

the Maker and an otherwise unfamiliar 3D printed material. 

Drawing the partial conclusion that familiar materials can be relied upon to enable and 

extend the Novice’s prospects, the question that remains is how to go about this practically. 

Again, giving someone something to replicate – no matter how common the material of its 
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Making – will always rely on a certain baseline. As such, it is perhaps appropriate to more 

formally consider the process through which we imitate and learn.  

In a study of consumers enjoyment in ‘Constrained Creative activities’, Dahl & Moreau 

(2007) define experiential creation as: 

[…] the universe of activities in which a consumer actively produces an outcome. 

[…] ranging from extremely limiting cases in which a product is simply 

assembled (e.g., putting together an IKEA desk) to extremely creative cases in 

which the product is both conceptualized and realized (e.g., painting an original 

picture). (Dahl & Moreau, 2007) 

 

Based on this definition, the authors create a two-axis model (Figure: 11) in which creative 

tasks can be placed in accordance to the degree of predetermined outcome (x-axis) and the 

amount of instructions provided (y-axis). Placing various creative tasks on this model, the 

authors conducted a series of qualitative studies inquiring about motivating factors, as well as 

the pros and cons, of the model’s two axis.  

The authors identify the anticipated feelings of ‘Competence’ and ‘Autonomy’ (once the task 

has been completed) as the two main motivating factors for engaging in creative tasks. Based 

on this they suggest that creative tasks located towards the bottom and lower right of their 

model will be inherently limiting in terms of these main motivating factors. However, 

following ‘Competence’ and ’Autonomy’, the second most motivating factors identified were 

‘Learning’ and ‘Engagement’. What can be said then, is that the ideal creative task should 

Figure 11: Model exemplifying Experiential Creation (Dahl & Moreau, 2007) 
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consist of, and function, both as an enticing or inspiring outcome, as well as a motivating 

learning prospect with good potential for engagement in a practical activity. 

Most Makerspaces can be thought of as already enabling the kind of Making found in the top 

half of Dahl & Moreau’s (2007) model. Specifically, this means that objects and other examples 

made in the lab can act as inspiration, leaving it up to the Maker to understand the process 

and decide upon the ‘desired outcome’. The goal should reasonably be to aim for the middle of 

this model, offering varying degrees of instructions depending on the ‘desired outcome’ and 

the skill of the Maker. Key to achieving this is to provide instructions that are specific enough 

to enable the Maker to arrive at a set outcome, but also general enough that the Maker can 

deviate or apply them for their own purposes.  

Dahl & Moreau’s (2007) points to LEGO as ideal for enabling Making at all the extremes of 

their model. The Maker can naturally follow the instructions provided to arrive at a ‘fixed 

outcome’, but they can also deviate in any number of ways to arrive at a more or less ‘fixed 

outcome’. On the other end, the instructions can also teach the Maker new techniques and 

methods which they can use in their own projects. Furthermore, the Maker can also disregard 

all instructions entirely, simply relying on the visual material on the LEGO-box to recreate the 

‘fixed outcome’ or use it as inspiration to create a ‘non-fixed outcome’. 

With this in mind, the ideal material for Makerspaces can be thought of as consisting of two 

parts. First: the material created should demonstrate a fixed outcome which the Maker may 

attempt to recreate or use as inspiration – entailing a fixed and non-fixed outcome 

respectively. Second: supplementing the outcome, instructions should also be made available 

describing the Making process. These should be both specific enough for a Novice to follow 

and arrive at a fixed outcome, but general enough to allow the experienced Maker to diverge 

or apply them to different ends – entailing a non-fixed outcome. 

This ideal can be thought of as relevant, regardless of the specific material or Making process 

in question, but as such it does not necessarily provide any specific guidance. Focusing on the 

processes explored in this study, there are however some key factors that can add in terms of 

specificity. Owing to the premise of using handicraft to create an original that can then be 

scanned and printed, one can think of the ‘creative task’ (Dahl & Moreau, 2007) as resulting 

in more than one outcome. First the final 3D printed object - enable Making within the clear 

upper half of Dahl & Moreau’s (2007) model. And second, the original handicraft object which 

can be thought of as an in-between, simultaneously demonstrating a midway whilst also 

communicating – through the material language (Brancusi, 1927) (Pallasmaa, 2009) (Schön, 

1983) – a significant part of the Making process. From this perspective, the handicraft object 

has the potential to represent a middle ground between providing clear-cut instructions and 

only demonstrating a final outcome. As such, Makers familiar with the particular material can 

be enabled to start the creative task within the upper part of the model – regardless of their 

knowledge of 3D printing. Whereas Makers and Novices unfamiliar with both the handicraft 

material and 3D printing can be instructed in how to work with the more immediately 

approachable handicraft, effectively pursuing the creative task in the lower half of the model. 

The uncertain element that remains is the unavoidable clean-up process described in the 

method section. Having spent considerable time working with the equipment and software 

used throughout this study, I do not doubt that the clean-up will eventually become all but 
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automated. That being said, I do feel that it is important to recognise that the software used in 

this study (Meshmixer) is explicitly designed with novices and 3D scanning in mind. 

Furthermore, despite this software being widely recommended and referred to within Maker 

communities, it does not appear to be as commonly occurring as one might expect within 

Makerspaces (Hudson, Celena, & Parmit K, 2016). As such, the Learning Material created in 

accordance with the outlined guidelines in this discussion also covers this clean-up process in 

Meshmixer. 

7.1 Learning Material Limitations 

Whilst my evaluation has generally positive implications for the Learning Material outlined in 

the previous discussion, the evaluation does not take all factors into account. Namely, the 

evaluation cannot be said to support whether the participant would be able to apply techniques 

and methods learned in less structured creative tasks. To evaluate these aspects a longitudinal 

follow-up study would have to be conducted, ideally involving participants in increasingly less 

structured creative tasks to evaluate the re-applicability of learned techniques and methods. 

Furthermore, as the evaluation mainly focused on the participant being able to complete the 

creative task, little emphasis was put on the participant’s impressions and general satisfaction 

with their outcome; including a semi-structured interview after the creative task had been 

completed could have contributed greatly in terms of these qualitative insights. Beyond formal 

studies, the most appropriate way to evaluate the learning material would be to incorporate it 

into a proper makerspace environment. 
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8. Conclusion 

This study set out to investigate the possibility of combining handicraft materials with 3D 

scanning to enable people outside of formal practise (Novices) to work with generative design 

as part of design practise. 

This was done through a series of workshops where the use of CAD software in generative 

design was substituted for handicraft materials, creating objects that could be 3D scanned and 

3D printed. The results suggest that handicraft materials can indeed be combined with 3D 

scanning to enable Novices to design and fabricate practical objects. However, for Novices to 

approach handicrafts and Making as part of design practise, they must first adopt a mindset 

allowing them to consider ideas and concepts in terms of underlying desires and ambitions. I 

term such an approach to design practise a ‘Designerly Approach’. 

As such, this study contributes to research exploring novel uses of 3D scanning in design 

practise by offering insights into what is required of the Novice in terms of both practical 

familiarity with handicraft material, and the mindset to take a Designerly Approach to design 

practise.  

Furthermore, I also identified the need for concrete guidelines informing Makerspaces of 

how they can act to better enable Novices to work with 3D printing. To that end, the second 

part of this study aimed to formulate a set of guidelines informing the design of learning 

materials in Makerspace environments. This part aims to contributes both to public 

Makerspaces and their visitors, as well as to practitioners within fields such as HCI where 3D 

printing remains a largely untapped resource within activities such as prototyping. 

A preliminary set of Learning Material was created, detailing how handicraft materials and 

3D scanning can be combined to create three practical objects, relying as little as possible on 

the use of CAD software. Through a preliminary evaluation a participant was able to create a 

pencil-holder, only requiring significant help on two occasions. Further studies are required 

to fully evaluate the Learning Material against the outlined guidelines. At the time of writing, 

the intent is to further test the Learning Material by implementing it at a local FabLab. 
  



 

33 
 

Acknowledgements 

Closing off, I would like to thank a few people for their help during the writing of this thesis. 

First and foremost, my supervisor Fatemeh Moradi, thank you for your invaluable advice and 

guidance – you continue to be an endless source of energy and inspiration! Victor Nihlwing, 

my partner in crime during the first half of this undertaking – this thesis could not have been 

what it is without you. I also want to thank Karin Danielson at the Department of Informatics 

for giving me the opportunity to write this thesis in conjunction with Innovation+, and Magnus 

Lindgren for accommodating us at Sliperiet and letting us play with their expensive toys! 

Finally, I want to thank my fellow students at the program for Human Computer Interaction 

and Social Media for their support – whether that be in the form of advice or expert 

procrastination techniques!  



 

34 
 

References 

Ackoff, R. L. (2016). The Art of Problem Solving. Wiley. 

Andreson, C. (2012). Makers - the new industrial revolution. New York: Crown Business. 

Aniwaa. (2018, 06 03). 3D Scanning Technologies and the 3D Scanning Process. Retrieved 

from Aniwaa: https://www.aniwaa.com/3d-scanning-technologies-and-the-3d-

scanning-process/ 

Ashbrook, D., Gou, S. S., & Lambie, A. (2016). Towards Augmented Fabrication: Combining 

Fabricated and Existing Objects. Conference on Human Factors in Computing 

Systems (pp. 1510-1518). San Jose: ACM. 

Benyon, D. (2013). Designing Interactive Systems: A comprehensive guide to HCI, UX and 

interaction design. PEARSON EDUCATION. 

Brancusi, C. (1927, February). (D. Dudley, Interviewer) 

Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research 

in Psychology, 77-101. 

Brown, T. (2009). Change by Design: How Design Thinking Transforms Organizations and 

Inspires Innovation. HarperCollinsPublishers. 

Buxton, B. (2007). Sketching User Experiences: Getting the Design Right and the Right 

Design. San Francisco: Morgan Kaufmann Publishers Incorporate. 

Carroll, J. M. (2003). HCI Models Theories and Frameworks - Toward a Multidisciplinary 

Science. San Francisco: Morgan Kaufmann. 

Dahl, D. W., & Moreau, P. (2007). Thinking Inside the Box: Why Consumers Enjoy 

Constrained Creative Experiences. Journal of Marketing Research, 357-369. 

Devendorf, L., & Rosner, K. D. (2015). Reimagining Digital Fabrication as Performance Art. 

Conference on Human Factors in Computing Systems (pp. 555-566). Seoul: ACM. 

Dunne, A., & Raby, F. (2013). Speculative Everything: Design, Fiction, and Social Dreaming. 

Cambridge: MIT Press. 

Gershenfeild, N. (2007). FAB: The Coming Revolution on Your Desktop-from Personal 

Computers to Personal Fabrication. Basic Books. 

Gershenfeld, N. (2012, November/December). How to Make Almost Anything: The Digital 

Fabrication Revolution. Foreign Affairs, 43-57. 

Graneheim, U., & Lundman, B. (2004). Granenheim - Qualitative content analysis in nursing 

research (QCAINR). Nurse Education Today, 105-112. 

Gray, M. C., Stolterman, E., & Siegel, M. A. (2014). Reprioritizing the relationship between 

HCI research and practice: bubble-up and trickle-down effects. Designing interactive 

systems (pp. 725-734). Vancouver: ACM. 

Greenbaum, J., & Kyng, M. (1991). Design at Work: Cooperative Design of Computer 

Systems. Lawrence Erlbaum Associates. 

Griffin, A. (2011). Legitimizing Academic Research in Design: Lessons from Research on New 

Product Development and Innovation. Journal of Product Innovation Management, 

428-433. 

Hagel, J., Brown, S. J., & Kulasooriya, D. (2013). A movement in the making. Deloitte 

University Press. 



 

35 
 

Hermans, G. (2015). Opening Up Design: Engaging the Layperson in the Design of Everyday 

Products. Umeå: Umeå Institute of Design. 

Hill, J. (2002). Opposites attract: architectural design and academic research. Building 

Research & Information, 382-384. 

Holtzblatt, K., & Beyer, R. H. (2018, May 26). The Encyclopedia of Human Computer 

Interaction. Retrieved from Contextual Design: https://www.interaction-

design.org/literature/book/the-encyclopedia-of-human-computer-interaction-2nd-

ed/contextual-design 

Hudson, N., Celena, A., & Parmit K, C. (2016). Understanding Newcomers to 3D Printing: 

Motivations, Workflows, and Barriers of Casual Makers. CHI Conference on Human 

Factors in Computing Systems (pp. 384-396). San Jose: Advancing Computing as a 

Science & Profession. 

Ion, A., Kovacs, R., Schneider, S. O., Lopes, P., & Baudisch, P. (2018). Metamaterial Textures. 

Conference on Human Factors in Computing Systems. Montreal: ACM. 

Jencks, C. (2013). Adhocism: The Case for Improvisation . MIT Press. 

Jones, D. M., Seppi, K., & Olsen, R. D. (2016). What you Sculpt is What you Get: Modeling 

Physical: Interactive Devices with Clay and 3D Printed Widgets. CHI. San Jose: ACM. 

Lund, A. (2003). Massification of the Intangible: An Investigation Into Embodied Meaning 

and Information Visualization. Umeå: Umeå University. 

Meibodi, A. M. (2016). Generative Design Exploration - Computation and Material Practice. 

Stockholm: KTH Royal Institute of Technology. 

Mota, C. (2011). The Rise of Personal Fabrication. ACM conference on Creativity and 

cognition (pp. 279-288 ). Georgia: ACM. 

Muller, J. M., & Durin, A. (2007). Participatory Design: The Third Space in HCI. In A. Sears, 

& A. J. Jacko, The human-computer interaction handbook (pp. 1051-1068 ). Hillsdale: 

Lawrence Erlbaum Associates. 

Muller, J. M., & Kuhn, S. (1993, June). Participatory design. Communications of the ACM, 24-

28. 

Nelson, H. G., & Stolterman, E. (2012). The Design Way. London: MIT Press. 

Nielsen, J. (2010, 10 18). Mental Models. Retrieved from Nielsen Norman Group: 

https://www.nngroup.com/articles/mental-models/ 

Pallasmaa, J. (2009). The Thinking Hand: Existential and Embodied Wisdom in 

Architecture. Wiley. 

Randal, D., & Rouncefeild, M. (2018, 5 27). The Encyclopedia of Human Computer 

Interaction. Retrieved from Ethnography: https://www.interaction-

design.org/literature/book/the-encyclopedia-of-human-computer-interaction-2nd-

ed/ethnography 

Ritchie, J., & Lewis, J. (2003). Qualitative Research Practice: A Guide for Social Science 

Students and Researchers. London: SAGE. 

Schön, D. (1983). The Reflective Practitioner. Taylor & Francis Group. 

Shewbridge, R., Hurst, A., & Kane, K. S. (2014). Everyday making: identifying future uses for 

3D printing in the home. Designing Interactive Systems (pp. 815-824). Vancouver: 

ACM. 



 

36 
 

Spencer, A. (2008). DIY: The rise of lo-fi culture. London: Marion Boyars Publishers. 

Sun, H., & Hart-Davidson, F. W. (2014). Binding the Material and the Discursive with a 

Relational Approach of Affordances . Conference on Human Factors in Computing 

Systems (pp. 3533-3542). Toronto: ACM. 

Tanenbaum, J. G., Williams, A. M., Desjardins, A., & Tanenbaum, K. (2013). Democratizing 

Technology: Pleasure, Utility and Expressiveness in DIY and Maker Practice. 

Conference on Human Factors in Computing Systems (pp. 2603-2612). Paris: ACM. 

Welcome to RepRap.org. (2018, 06 03). Retrieved from RepRap: 

https://reprap.org/wiki/RepRap 

Vetenskapsrådet. (2002). Forskningsetiska principer inom humanistisk-

samhällsvetenskaplig forskning. Stockholm. 

Xu, J., Ding, L., & Love, E. P. (2017). Digital reproduction of historical building ornamental 

components: From 3D scanning to 3D printing. Automation in Construction, 85-96. 

Yan, F., Sharf, A., Lin, W., Huang, H., & Chen, B. (2014). Proactive 3D Scanning of Inaccessible 

Parts. ACM Transactions on Graphics. 

 

 



Appendix A: Introduction 
 

i 
 

 

Appendix A: Introduction 
 

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 

 

http://www.vll.se/Startsida/forskning-och-utveckling/innovation-och-naringsliv/innovation-plus
http://www.vll.se/Startsida/forskning-och-utveckling/innovation-och-naringsliv/innovation-plus
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Appendix B: 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?  

 

 

 

 

 

 

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

Victor and Mikael 
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Appendix C: Recruitment post 
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 (Mikael Hansson 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. https://www.vll.se/…/innovation-och-

narings…/innovation-plus 
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Appendix E: 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:   

 

Email:   

mailto:v.nihlwing@gmail.com
mailto:mikael92hansson@gmail.com
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Appendix F:  Pencil-holder made by 

participant 
 


