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Abstract

The maker culture is built around creativity, collaboration and mutual support.
Do-it-yourself platforms do not always re ect these qualities of the maker scene
though. In this thesis, we began our research by generating ideas regarding how to
improve makers' experience on DIY platforms. Out of the ideas we generated, we
chose to pursue the idea of spin-offs

When trying to improve on a pre-existing project or rebuild it differently, makers
mostly have to publish a new project. This results in having lots of projects on DIY
platforms that share many similarities, yet are not linked together. Not only does
this clutter DIY platforms, but also hinders successive development of new ideas,
and could prove confusing for newcomers in the maker community. By having
to create a new project for each variation, DIY platforms make it effectively more
dif cult for makers to collaborate on improving projects ideas or in sharing their
vision of how the project could be done differently.

To improve this situation, we investigate the idea of spin-offs. Spin-offs make it
possible for makers to view and create new variations of pre-existing projects, the
get embedded in the original project. After developing multiple prototypes that
showcase the spin-off feature, we investigate in a user study how the participants
perceive the prototypes, and what their stance regarding spin-offs as a concept gen-
erally is.

In the study, we collected both quantitative and qualitative data. Based on the re-
sults of the study, we draw design implications regarding how DIY platforms could
implement the spin-off feature. The results indicated, that makers favoured bind-
ing spin-offs to project steps. When viewing spin-offs, makers preferred a sidebar
menu.
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Uberblick

Die Maker-Kultur ist auf Kreativit at, Zusammenarbeit und gegenseitige Un-
terstlitzung ausgelegt. Do-it-yourself-Plattformen spiegeln diese Qualit aten der
Maker-Szene jedoch nicht immer wider. Wir haben in dieser Arbeit unsere

Forschung damit begonnen, Ideen zu entwickeln, wie die Erfahrung der Maker auf

DIY-Plattformen bereichert werden kann. Von den generierten Ideen untersuchen

wir die Idee der Spin-offs

Wenn Maker versuchen, ein bereits bestehendes Projekt zu verbessern oder anders
zu gestalten, missen sie meist dafir ein neues Projekt veroffentlichen. Das fuhrt
dazu, dass viele Projekte auf DIY-Plattformen zu nden sind, die viele Gemein-
samkeiten unter sich haben, jedoch nicht verlinkt sind. Dies f Ghrt nicht nur zur
Unubersichtlichkeit auf den DIY-Plattformen, sondern verhindert auch die sukzes-
sive Entwicklung neuer Ideen und k onnte sich fur neue Mitglieder der Maker-
Gesellschaft als verwirrend erweisen. Da fur jede Variante ein neues Projekt er-
stellt werden muss, erschweren DIY-Plattformen die Zusammenarbeit der Maker.
Dadurch ergibt sich ein h 6herer Aufwand f (r die Maker bei der Verbesserung von
Projektideen bzw. beim Austausch ihrerer Vorstellungen dar Uber, wie ein Project
anders gebaut werden konnte.

Um diese Situation zu verbessern, untersuchen wir die Idee der Spin-offs. Spin-
offs ermdglichen es den Makern, neue Varianten bereits bestehender Projekte
anzuzeigen bzw. zu erstellen, die in das urspr lingliche Projekt eingebettet werden.
Nach der Entwicklung mehrerer Prototypen, die die Funktionalit &t der Spin-offs
prasentieren, untersuchen wir in einer Nutzerstudie, wie die Teilnehmer die Proto-
typen wahrnehmen und wie sie generell zu den Spin-Offs als Konzept stehen.

Wir haben in der Studie sowohl quantitative als auch qualitative Daten erhoben.
Aus den Ergebnissen der Studie leiten wir Design-Implikationen ab, wie DIY-
Plattformen Spin-offs umsetzen k 6nnten. Die Ergebnisse zeigen, dass Maker Spin-
offs vorziehen, die an die Projektschritte gebundenen sind. Beim Anzeigen der
Spin-offs bevorzugten die Maker eine Seitenleiste.
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the rst as well as unidenti ed third person in plural form.

Access links to project materials are set off in a coloured
box.

Project: myProject?

2http://hci.rwth-aachen.de/public/project _number. le






Chapter 1

Introduction

1.1 Personal Fabrication

Personal fabrication, especially by having an at-home fac-
tory to realise own projects, has been an active HCl research
topic for multiple decades. This active research has led
to the development of a democratisation trend of manu-
facturing technologies, such that access to fabrication tools
has become easier than ever. In his book FAB, Gershen-
feld [2005] described his imagination of a machine called
personal fabricatothat had the potential to revolutionise
the world just as personal computers once did. In his
vision, personal fabricators would combine the computa-
tional power of PCs with industrial manufacturing tools,
thus giving its user the potential to make “"almost anything”.

Gershenfeld's vision was not as far-fetched as it may rst
appear. His book gave birth to the now commonly known
fab labs (fabrication laboratorieg)s discussed in Mota [2011],
these labs are typically equipped with several CNC ma-
chines such as millers, 3D printers and laser cutters. By
using the provided machines in these fab labs, hobby mak-
ers can gain access to machines that were deemed exclusive
to mass production. This easy-to-gain access to CNC ma-
chines has helped theDIY (Do-It-Yourself) movement gather
more momentum.

The vision of
accessible personal
fabricators was
discussed in
Gershenfeld's FAB
book in 2005.

Fab labs provide
fabrication tools for
hobby makers.



2 1 Introduction

The DIY movement As described in Kuznetsov and Paulos [2010], DIY is
aims to develop a movement that aims to revive the practice of self-
handcrafting skills. involvement and the use of craft skills. At the beginning of

the industrial revolution in the second half of the 18 ™ cen-
tury, the need of ordinary citizens to have a basic general
knowledge of handcrafting practises shrunk down, while
the need of individuals to specialise in a certain domain of
knowledge kept growing. The DIY movement thus aims
to motivate people to develop their crafting skills and seek
knowledge to complete tasks, that would have otherwise
required hiring professional help.

1.2 Documentation Patterns

As the philosophers Levy and Bononno [1997] once put it

in their book when talking about the period between 1751

and 1772 at the beginning of the industrial revolution, they
described that period as "the end of an era in which a single
human being was able to comprehend the totality of knowledge”

The DIY movement For that reason, and as the DIY movement attracted more
lives off knowledge supporters and gained momentum, the need to document
sharing. and publish completed projects for knowledge transfer and

as a future reference grew bigger. In a survey of 2600 in-
dividuals, Kuznetsov and Paulos [2010] collected data re-
garding how often makers choose to publish their projects.
As gure 1.1 shows, only about 8% of the surveyed indi-
viduals said they published all of their projects. About 10%
said they had never published any of their projects before.

One of the most common reasons why surveyed makers
said they had not documented their projects, is because
they had believed their project ideas were not necessarily

Makers do not new or were not creative enough. Yet successive small
document all of their improvements of preexisting project ideas could lead to
work. the improvement of the project overall and how it can be

utilised. In an ideal maker documentation platform based

on knowledge exchange and creativity, makers should not
have to invent something from scratch for it to be worthy

of sharing with others.

We generate some ideas in this thesis regarding how mak-



1.3 Outline of the Thesis

Figure 1.1: DIY projects shared with DIY communitites.
Only about 8% of the respondents said they had published
all of their projects. Image taken from Kuznetsov and Pau-
los [2010].

ers' experience on DIY platforms can be improved. We then
focus on the above-mentioned situation in DIY project doc-
umentation. As a potential solution, we explore the idea of
remixing projects in what we call spin-offs Spin-offs give

makers the ability to publish a modi ed version of a pre- Spin-offs could help
existing project by editing one or more steps. The newly improve makers'
published spin-off would be embedded into the original experience on DIY
project. This could allow for a higher degree of member platforms.

collaboration. Not only would project creators potentially
bene t from having the ability to create spin-offs, but also
project viewers could bene t from the inspiration of having
different project variations grouped in one place.

1.3 Outline of the Thesis

We begin in chapter one by introducing the concept of per-
sonal fabrication and how it de nes the DIY movement.
We also describe the documentation patterns in the maker
community and how the idea of spin-offs could potentially
lead to easier project collaboration. In chapter two, we dis-
cuss related work to the topic of this thesis. As for the third
chapter, we move on to discuss different ideas that could
potentially improve makers' experience on DIY platforms.

The fourth chapter of this thesis takes a closer look at the
idea of spin-offs and outlines several proposed visualisa-
tions. Through a moderated user study, we investigate in
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the fth chapter how makers perceive the spin-off idea and
how they would potentially interact with the proposed pro-
totype designs. In the sixth chapter, we discuss the results
of the user study and evaluate the prototypes.

In the seventh chapter, we introduce an implemented pro-
totype that showcases the spin-offs feature according to the
drawn conclusions from the user study. As for the eighth
and nal chapter, we sum up the contents of this thesis and
discuss further relevant extensions for future work.



Chapter 2

Related work

In this chapter, we begin by discussing the maker culture
and what motivates makers to make. We discuss the re-
sults of several research papers that tried to analyse be-
havioural patterns within the maker community. Further-
more, we survey papers that investigated project docu-
mentation philosophies from multiple vantage points and
how they unfolded within the maker community. We also
present the results of papers that investigated what consti-
tutes good documentation and what motivates makers to
document.

At last, we introduce some of the popular maker documen-

tation platforms and talk about what sets them apart. We

also discuss the patterns of remixing in some of the maker
platforms and how makers perceive and utilise this feature

of being able to contribute to pre-existing projects.

2.1 The Maker Communities

The maker community is used as a term to collectively refer
to people, mostly non-professionals with a non-commercial
nature, who take it upon themselves to build or modify ex-
isting technologies so that they better t their needs. As
discussed by Kuznetsov and Paulos [2010], the relation-

We survey research
papers regarding DIY
platforms and the
maker culture.
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There is a mutually
bene cial
relationship between
makers and
technological
advancements.

The maker
community has low
entry barriers.

There is a social
aspect to the maker
community.

ship between the maker communities and the continuous
technological advancement has been reciprocally bene -
cial. New technologies make it easier for makers to fab-
ricate at a small scale and collaboratively work on projects,
while makers being able to easily implement and test their
endeavours gives birth to new ideas that help push techno-
logical progress.

To better understand the dynamics of the maker commu-
nity, Kuznetsov and Paulos [2010]'s paper investigates the
underlying characteristics of the maker culture. A ma-
jor factor that distinguishes the maker community is the
low entry barriers to become a maker. Prospective mak-
ers do not have to bring any speci ¢ domain knowledge.
The maker community welcomes people of different tech-
nical and artistic backgrounds. This heterogeneity of the
maker community catalyses the exchange of ideas from dif-
ferent perspectives. An anchor of the maker community is
as well the constant openness to learning about new tech-
nologies and materials. The intercommunication between
makers helps them acquire new skills and learn about new
concepts that they utilise in their projects. A further fac-
tor that Kuznetsov and Paulos [2010] discuss is open shar-
ing. Knowledge sharing and openly talking about project
ideas helps junior makers learn common practices in the
maker community and gives them a head start regarding
the used technologies. Sharing also helps makers connect
with like-minded members of the community. Building a
personal connection adds a social dimension to the maker
scene which leads to strengthening the bonds within the
community.

A closer look at the social aspect in the maker communities
in gure 2.1 shows that in a conducted survey with 2600
participants, about 90% of the respondents said that they
contributed to the maker community by asking questions
about others' projects or making comments. More than 80%
of the surveyed participants said they contributed to the
maker community by posting pictures of their own projects
or asking questions to get help with their own projects.
Looking at the frequency of these contributions, about 19%
said they would daily respond to questions or comments
and about 17% said they daily posted questions or com-



2.1 The Maker Communities 7

ments about others' projects. This shows how the social
aspect of open-sharing and mutual help plays a vital role
in the maker community.

Figure 2.1: Contribution forms to maker communities. Im-
age taken from Kuznetsov and Paulos [2010].

A further look at the motivations for contributing to the
maker community in gure 2.2 reveals that slightly over
80% of the surveyed participants strongly agree with the
statement that they use maker platforms as a means to get
inspiration and new ideas for future projects. Over 65%
of the participant strongly agreed that maker communities

helped them learn new concepts. A total of almost 80% Makers use DIY
strongly agreed or agreed with the statement that maker platforms to learn
communities helped them meet new people, with whom about new concepts
they shared interests. The results of this survey give us and to connect with
insight into how makers perceive their community and others.

would help in making the design choices for potential so-
lutions that meet the makers' expectations.

Being able to make empowers consumers. Tanenbaum
et al. [2013]'s paper describes the context of technologi-
cal democratisation from the perspective of makers. The
democratisation of technology means making it accessible
to non-professionals at a low cost. The maker commu-

nity, at its core, lives off the fact the technologies are con- Technological
stantly getting obsolete, thus cheaper and easier to experi- democratisation has
ment with. This decreases the nancial burdens to become an in uence over the
a maker. Technological democratisation also means that maker community.

devices, that once used to be exclusively available to only
large organisations, can now be made accessible to the gen-
eral public. Examples include 3D printers and laser cutters.
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Makers take
pleasure in using
new technologies.

Designing
technologies for the
maker community.

Figure 2.2: Motivations for contributing to maker commu-
nities. Image taken from Kuznetsov and Paulos [2010].

Tanenbaum et al. [2013]'s paper further describes how the
concept of technological hedonism played its role in the
maker community. Technologies can be categorised as he-
donic, once they are mainly utilised for the pleasure of us-
ing them, over the signi cance of the resulting product.
Since makers are mostly amateurs who practise making for
non-commercial reasons, but mainly as a hobby and with
the purpose of self-ful Iment, technologies used by makers
can thus be described as hedonic.

With the concept of hedonism in mind, Tanenbaum et al.
[2013] draw design implications for technologies and ser-
vices that are to be used by makers. First of all, these
services should be built to enable creativity. A boost for
creativity is allowing open collaborations on projects as a
mechanism for the dissemination of knowledge. A fur-
ther implication is to design services for utility, pleasure
and expressiveness. Pleasure and expressiveness go hand-
in-hand with the concept of hedonic technologies we de-
scribed. Since maker technologies are used by many peo-
ple, they have to be easily and ef ciently utilisable.
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2.2 Project Documentation

As discussed in the previous section, one of the corner-
stones of the maker community is knowledge sharing and
mutual support. For this to happen, makers need to docu-
ment their work and be willing to share it with the rest of
the community.

2.2.1 Documentation Guidelines

In their paper, Wakkary et al. [2015] discuss the factors that
make up a good tutorial. According to their ndings, a tu-
torial should clearly include information regarding the pre-
requisites and the needed skills for completion. This helps
the potential makers set the right expectation level for the

effort needed to complete the project. To ensure the mak- Practices in project
ers' ability to follow the project, the tutorial steps need to be documentation for
clearly sequenced and include all the information required makers.

to complete the task. This usually entails having auxiliary
multimedia material that helps makers better understand
each step. Tutorial authors should also take the placement
of the multimedia material into consideration, such that im-
ages describing a speci c instruction, for example, should
be placed near to the textual description of that instruction.

Information accuracy is a deciding factor when it comes to Information accuracy
tutorial quality. Misleading instructions or incomplete in- plays an important
formation lead to user confusion and dissatisfaction. This role in the

implies that tutorials, for example, should include the nec- documentation
essary information regarding needed tools and compo- process.

nents. To accurately deliver the execution instructions, the
project has to be broken into a reasonable number of steps,
such that each step mainly handles one instruction.

2.2.2 Documentation Philosophies

Tseng and Resnick [2014]'s paper examined documentation
approaches makers follow. The paper distinguishes be-
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Makers usually
document the project
after nishing it in
product-based
documentation.

Product-based
documentation only
delivers steps to
replicate the project.

tween two approaches: Product-based and process-based
documentation.

Product-Based Documentation

This approach follows a recipe-like format for delivering
the documentation. Authors using the product-based ap-
proach would try to list the project instructions in a succes-
sive manner as a list of steps that replicating makers would
need to follow to complete the project. Just like a recipe,
this approach would rst entail mentioning the ingredients

- or the required materials and tools in a maker project's
case, then proceeding with the execution steps. Figure 2.3
depicts how makers normally document their project when
using this approach. As discussed in Tseng [2016] , as well
as Tseng and Resnick [2014], authors utilising this approach
would usually start writing the tutorial after nishing the
project. This could lead to the authors forgetting the right
order of the steps. In some cases, authors would completely
forget to mention some steps. To remedy this, some authors
would go as far as replicating the project after making it for
the rsttime to make sure their created tutorial includes all
the needed instructions to recreate the project. In the case
of a large scale project though, replicating the project could
imply an excessive overhead that discourages makers from
documenting their work.

Figure 2.3: Product-Based documentation. Image based on
Tseng [2016].

One further aspect that product-based documentation
lacks, is that it only delivers the steps needed to replicate
the project. No information regarding the making process,
such as the failed attempts, the inspiration sources, or the
potential alternative materials is mentioned. This missing
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information could lead potential replicating makers into re-
peating the same mistakes the original author fell for.

Process-Based Documentation

The second approach is to document the making process,
instead of merely documenting the nal product. In this
approach, makers are simultaneously documenting their
projects while they are working on building them. Figure
2.4 shows how documentation takes place in the process-

based approach. Makers utilising this approach could eas- In process-based
ily integrate more information regarding the challenges documentation,
they faced, their thought process as well as potential alter- makers document
natives to certain steps. One advantage of this approach their projects while
is that the multimedia material can be directly collected building them.

while working on the project without having to replicate
the project later. As gure 2.2 shows, makers mostly look
at documentation platforms as a source of inspiration and
ideas for future projects. Using the process-based docu-
mentation approach, and thus providing background infor-
mation regarding the project instructions, could better help
makers looking for inspiration.

Figure 2.4: Process-Based documentation. Image based on
Tseng [2016].

Following, we present some solutions based on research
papers that tried to aid the process-based documentation
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Log les could be
used to automatically
generate heatmaps
in digital fabrication.

Makers could use a
mobile app to take
notes while building
their projects.

process. We used the solutions and the results based on
these research papers as an inspiration during the idea gen-
eration phase in chapter three.

Using log les, Tseng and Tsai [2015]'s paper presented a
simpli ed approach for automating process-based docu-
mentation in the case of digital fabrication. Digital fabrica-
tion entails the authors designing a model using computer
software. The log les generated by the software used to
design the model can be used, for example, to automati-
cally generate a heatmap that graphically shows the suc-
cessive changes that were made to the model. This heatmap
can help makers attempting to recreate the model better un-
derstand how it was built.

A further implementation of the process-based documen-
tation philosophy was discussed in Sanchez Milara et al.
[2019]'s paper. In their implementation, they tried to de-
rive functional requirements based on the users' needs in
process-based documentation. For one, their implemented
platform attempted to ful | the users' need for having a
system that helps them remember the project steps as well
as their right order. To achieve this, they proposed a solu-
tion of using a mobile application that makers could use to
take audio and written notes as well as record multimedia
content that could help them remember the details regard-
ing the project steps.

2.3 Maker Documentation Platforms

In this section, we present the results of research papers
that discuss guidelines for designing maker documentation
platforms. We then present results from papers that exam-
ined the patterns of hybrid design and tutorial remixing in
the maker community. The relevancy of this section to our
thesis is based on the fact that we attempt to explore poten-
tial extensions for maker platforms that allow for a better
experience for makers. We, therefore, examine relevant re-
search to the topic of maker platform creation and design
remixing behaviour.
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2.3.1 Platform Creation Manifesto

The paper De Roeck et al. [2012] presents a multiple-factor
manifesto for designing maker platforms. Among others,
their manifesto includes instructions on how to structure
the content on the designed platform. According to their
manifesto, the platform should be able to support collab-

oration between users to encourage knowledge exchange Maker platforms
and mutual support. Furthermore, the platform should should be designed
be able to support publishing evolving projects. Evolving to support
projects are ones that are still in the making process. As dis- collaboration.

cussed in the previous section, being able to publish evolv-
ing projects falls under the category of process-based doc-
umentation. Moreover, the platform should be designed in
a way that bene ts all stakeholders. For example, the con-
tent on the platform should be designed in a way such that
it supports users of diverse technical backgrounds with dif-
ferent skill sets.

A further aspect to consider when designing maker plat-
forms is how makers are going to search through that plat-
formto nd projects. The paper Torrey et al. [2009] presents
a discussion of how makers' search experience can be im-
proved. They suggest adding the option to Iter projects

by skill level as well as required time investment. They Maker platforms
also make the case for novice makers, that they often lack should support
the required technical knowledge to come up with the right novice makers.

keyword when they are searching for projects. This paper
makes a suggestion to use social search strategies to create
a quasi equivalence class of potential keywords that could
lead to similar search results. This could result in building

a more inclusive platform that better supports users search-
ing for a project using a relevant, yet inaccurate keyword.

2.3.2 Design Remixing in the Maker Community

In their paper, Oehlberg et al. [2015] analyse how users of
the maker platform Thingiversé use the platform's feature
Customizerto modify pre-existing projects. Thingiverse is

https://www.thingiverse.com/ (Accessed: 12.09.2021)
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Users can remix
designs on
Thingiverse.

Activity on
Thingiverse
increased after
introducing the
remixing feature.

an online community for 3D model designs. Models—so-
called Things—shared on Thingiverse are used in digital
fabrication, for example, these Thingscan be printed using
3D printers. Users who share their 3D models on Thingi-
verse can publish a parameterised version that allows other
users of the platform to alter the model by modifying those

parameters using the Customizer feature.

As gure 2.5 shows, the Customizer feature was released
on Thingiverse early 2013. Within a year, the total number
of projects on Thingiverse nearly tripled. By analysing the

authorship activity of the users on Thingiverse, the paper
shows that after the introduction of the Customizer feature,

the number of the authors and, consequently, the number of
published Thingsincreased. This indicated how potentially
giving makers the option to tweak or adjust pre-existing

projects could lead to a more active maker community.

Figure 2.5: Things published on Thingiverse. Image taken
from Oehlberg et al. [2015].
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Chapter 3

ldea Generation

With the goal of enhancing the makers' experience on doc-
umentation platforms, we present in this chapter selected
ideas we generated. In the following sections, we will be
brie y discussing these ideas and how we think they could
contribute to a better makers' experience.

3.1 Dynamic Website Content

The basic premise of this section is that makers would be
able to better engage with tutorials, whose contents are
more suitable for their prole. We explore in this section
multiple ideas on how tutorials' contents could be tailored
to t a heterogeneous maker base.

3.1.1 Prole-based Skills and Experience

By giving makers the ability to set their level of experience
with speci ¢ materials or crafting skills such as soldering
or 3D printing, tutorial content could be automatically tai-
lored to t the respective maker's prole. According to
a maker's pro le, tutorial content could automatically ex-
pand on speci ¢ steps by showing further details including

We generated ideas
on how to improve
makers' experience
on documentation
platforms.

Tutorials can
dynamically change
according to the
user.
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Makers are in control
of the level of details
in tutorials.

Assessing makers'
experience by asking
them questions.

multimedia content. Conversely, some explanations in spe-
ci ¢ steps could be reduced if a maker's pro le warrants
previous experience regarding these explanations. Dynam-
ically changing tutorials contents to t the makers' knowl-
edge level could potentially motivate makers' to engage
more with tutorials that they would normally deem too dif-
cult for their skill level. This could encourage makers to
learn about new technologies and acquire additional skills.

An expansion of this idea is to continuously readjust the
maker's skill level based on the projects they completed.
This could help maintain adequate tutorial content that ts
the maker's skill set and experience level.

3.1.2 Tutorial-based Skills and Experience

Analogous to the last approach, we consider in this idea
how to tailor tutorials' contents to t makers' pro les. In-
stead of setting the experience level regarding certain ma-
terials or crafting skills on the pro le page, makers would
be presented in this approach with a list of needed skills
for a speci ¢ project on the project's tutorial page. Makers
could adjust the level of detail for each parameter accord-
ing to their needs. The tutorials' content would be adjusted
accordingly.

This list of parameters representing the needed skills would
be set by the tutorial author when he or she rst published

the project. The advantage of this approach, in comparison
to the last one, is that makers would not need to set a level
of experience for an extensive list of parameters on their
pro le page. Instead, they would be directly able to adjust

the level of detail they want to see for only the parameters
that appear on the project they are interested in completing.

A different approach to capture a maker's experience level
is to present a list of assessment questions at the beginning
of a project or while reading through it. These could be
basic questions regarding the maker's experience with the
speci ¢ crafts or skills that will be utilised in the project
they are interested in. By answering these questions, the
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maker's experience level could be evaluated and the tuto-
rial content automatically adjusted as previously described.

3.1.3 Location-based Supplementary Content

Based on a maker's location, we could provide auxiliary
information on the tutorial page that could help the maker
better complete the project. For example, in a project dis-
cussing a 3D model that can be printed, we could automati-
cally present—based on the maker's location—information
regarding the nearest Fab lab where the 3D model could
potentially be printed.

In case there is a Fab lab nearby that is offering introduc-
tory courses into 3D printing, we could present such in-
formation as well. This could be considered as a potential
expansion of the previous two approaches.

3.2 Encouraging Community Activity

In this section, we explore approaches that could facilitate
community formation and encourage makers to actively
contribute. As discussed in Morreale et al. [2017], building
a maker community based on mutual support and knowl-
edge exchange is key for creating a platform where makers
with different skills sets feel included, and thus can better
achieve their learning goals.

3.2.1 Adding Tips and Asking Questions

Without having to resort to a standalone forum, we pro-

pose in this approach that giving makers the option to add
tips or ask questions regarding speci c project steps in the
project page directly would allow for a more interactive

community.

For other makers viewing a project, they would be able to

Using geographical
information to
improve makers'
experience.

Building maker
communities on DIY
platforms.

Embedding
questions and tips
into tutorial pages.
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Integrating failed
attempts into project
steps.

Makers could earn
points for being
active community
members.

Publishing voice
recordings in
documentations.

see previously added tips or questions regarding a speci ¢
step directly on the project page. We believe that integrat-
ing tips and questions into their corresponding steps would
lead to a better maker experience. This could be especially
bene cial to inexperienced makers.

When it comes to process-based documentation as dis-
cussed in chapter two, this approach of integrating tips and
guestions into related steps could be expanded to also in-
clude failed attempts at completing a speci c project step.
This could help makers in the process of completing a
project avoid what led to these failed attempts.

3.2.2 Rewarding Interactivity

A way to encourage community interactivity is to reward
makers for being active. Makers can score achievements
or be rewarded points for every project they share or ques-
tion they answer. These points can, for example, lead to a
higher placement on a leaderboard. Adding this gami ca-
tion aspect into documentation platforms has the potential
of encouraging makers to be more active.

Hofferbert et al. [2015] published a paper discussing the
gami cation architecture used on Thingiverse. We could
potentially analyse Thingiverse's architecture to investigate
how it affected the community interactivity as a prelimi-
nary step to develop further ideas that reward user interac-
tivity.

A research paper published by Sukale and Pfaff [2014] pro-
posed an approach of building a reward-based documenta-
tion platform for developers, where developers, in addition
to written documentation, can publish voice recordings of
their code explanations. Further investigation is needed to
see whether such an approach would be appropriate for
maker platforms as well.
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3.2.3 Connecting Users

To encourage user activity, giving makers the opportunity
to nd others who share the same interests or are currently
working on similar projects could prove helpful. By creat-
ing workgroups, makers working on different projects that
share similar materials or require comparable crafting skills
could join a workgroup where they could mutually support
each other by sharing ideas or asking and answering ques-
tions.

A workgroup can be structured to only allow a limited

number of makers to join. Getting in touch with other mak-
ersin a smaller workgroup in comparison to an open forum
could potentially allow for a more personal mutual support
experience.

3.3 Supporting Documentation Collabo-
ration

As discussed in chapter two, documentation is crucial for
the maker community to evolve. Accordingly, we take
interest in this section in ideas that support collaborative
work on creating and modifying project documentations.

3.3.1 Spin-offs

Using online project tutorials, makers follow the docu-
mented project steps to recreate the project. But what
if a maker wants to publish a modi ed version of the
same project that shares most of the steps with the origi-
nal project, yet utilises a different material? One approach
would be for the maker to publish a new tutorial that
utilises that other material. Another approach would be
to post a comment on the original project that discusses
how to rebuild the project using the other material. In case
the maker decides on the former approach, posting a new
separate project for every alteration of the original project

Connecting makers
working on similar
projects.

Workgroups allow for
a more personal
contact.

Creating variations of
pre-existing projects.

Drawbacks of
publishing variations
as new projects.
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Drawbacks of
publishing variations
in the comments.

Spin-offs are
embedded variations
of project
instructions.

There are possible
bene ts of spin-offs.

would clutter the documentation platform and could po-
tentially confuse future makers, who want to replicate the
project. As the new project is not linked to the original
project, much of the shared knowledge through makers'
shared comments or suggestions on the original project is
lost in the newly created one.

In case the maker decides to go for the latter approach by
posting a comment on the original project, this comment
risks being easily overseen by other makers who might be
wondering about using that same material. This comment
would not be integrated into the project steps either, but
would require future makers to actively seek it in the com-
ments section.

To address these issues, we propose the concept oépin-offs
Using spin-offs, makers would be able to create variations
of project instructions that are directly integrated into the
project page. Accordingly, makers who want to publish a
modi ed version of a pre-existing project would not need
to create a completely new project or post their idea in a
comment. Instead, they would be able to create a spin-off
of the instructions that they want to change, thus making it
easier to document and contribute to the maker society.

The instructions, that are modi ed by a spin-off, in uence
one or more parameters of the project. For example, a spin-
off that shows how to rebuild a pre-existing project using a
different material would modify the parameter project ma-
terial. A parameterised spin-of§ thus a spin-off, for which
the parameters have been determined, which that spin-off
modi es.

There could be multiple parameterised spin-offs that ad-
dress the same parameter. To better organise spin-offs, we
propose an approach of grouping parameterised spin-offs
under the name of their common parameter. For exam-
ple, all spin-offs addressing the parameter project material
would be grouped together. The name of that group would
be project material

Potential bene ts extend beyond just facilitating project
documentation. For the rest of the makers that are view-
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ing a project, they would be able to nd multiple variations
of project instructions linked together on the same project
page, thus giving them more alternatives and potentially
encouraging their learning process.

3.3.2 Tutorial Integration and Reusability

In this idea, we propose an approach that allows makers
in the process of creating a project to integrate pre-existing
tutorials into their projects.

Assuming there is a maker documentation platform host- Pre-existing projects
ing a tutorial discussing how to build car wheels. A can be reused in new
maker that is creating a new tutorial on how to build ones.

a remote-controlled car could directly integrate the tuto-
rial discussing how to build wheels into his car tutorial.
This feature could potentially make it easier for makers to
reuse pre-existing tutorials in their project documentation.
Reusability of pre-existing projects could also help reduce
redundancy in maker documentation platforms.
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Chapter 4

Prototypes

For the purpose of this thesis, we decided to further inves-
tigate the idea of parameterised spin-ofés presented in sec-
tion 3.3.1. We believe the potential bene ts of the spin-offs
feature would improve the makers' documentation experi-
ence. For the sake of conciseness, we will be calling from
now on parameterised spin-offigst spin-offs

To investigate these bene ts and how spin-offs could po-
tentially be implemented, we built a series of prototypes.
These prototypes utilise various approaches regarding how
the spin-offs feature could be integrated into maker plat-
forms. In the following sections, we will be discussing
these approaches regarding how makers can create and
view spin-offs. All prototypes were created using Adobe
XD 1.

The prototypes can be found on the following GitLab
repository:

Adobe XD Prototypes?

2https://git.rwth-aachen.de/MichaelA/magora/-/tree/main/AdobeXD

*https:/iwvww.adobe.com/de/products/xd.html (Accessed:
02.09.2021)

We investigate the
idea of spin-offs.
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Different aspects of
the prototypes.

The prototypes we
created are divided
into four groups.

Spin-offs at the focus
of the screen.

4.1 Showing Spin-off

In the prototypes we created, we experiment with differ-
ent constellations of the following aspects regarding how
to show spin-offs. These aspects are:

» Possible placements of the button to show spin-offs
on the tutorial page.

» Showing spin-offs through a wizard or through a
menu.

» Possible placements of the spin-off menu that appears
once the appropriate button has been clicked to show
the spin-offs.

We created seven prototypes. According to the used con-
stellation of the previously mentioned aspects, the proto-
types can be categorised into four groups. Each of these
groups consists of two prototypes, with the exception of
one group having a single prototype. We will be describing
each of these groups in the following subsections.

Group One

For this group, we test in two prototypes two different
placements of the Show Spin-offdutton. By clicking that
button, spin-offs appear as an overlay menu showing the
different parameters that can be manipulated.

By hovering over any of the parameters in the overlay
menu, the text sections are highlighted that would change
by altering that parameter. Figures 4.1 and 4.2 show how
the overlay menu looks like. Our goal was to integrate
spin-offs into the tutorials. By using this menu design, we
wanted to see how users perceived a design that placed
the spin-off menu over the tutorial text at the focus of the
screen.
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Version One

In this prototype version, the button to show spin-offs is
located next to each step where a spin-off is relevant. By
clicking on the Show Spin-offdutton, the above-described
overlay menu appears. The displayed parameters in that
menu are limited to the relevant parameters of the speci c
step where the Show Spin-offbutton was clicked.

Figure 4.1 shows the location of the Show Spin-offsbut-
ton. In that gure, the button next to the second step was
clicked.

Figure 4.1: Version one for showing spin-offs. The button
to show spin-offs is directly placed next to the step. Spin-
offs appear as an overlay. Images from left to right, top to
bottom(L.R.T.B): [11,21,3,12,8,10,13], text based on [27].

Version Two

For this version, we tested a different placement of the but-
ton responsible for showing spin-offs. Instead of placing
the button next to each step, we placed the button at the top

Step-based spin-offs
with an overlay
menu.

Project-based
spin-offs with an
overlay menu.
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Showing spin-offs in
a sidebar menu.

of the tutorial page. This button is responsible for show-
ing all the spin-offs of the given tutorial. Consequently,
the menu that appears after clicking this button contains all
possible parameters for the whole tutorial and is not lim-
ited to a speci ¢ step.

Analogous to version one, spin-offs are presented as an
overlay menu. As shown in gure 4.2, hovering over a pa-
rameter in this overlay menu highlights the passages of the
text that would be modi ed by altering a speci c parame-
ter.

Figure 4.2: Version two for showing spin-offs. The but-
ton to show spin-offs is placed at the top of the tutorial
page. Spin-offs appear as an overlay. Images from L.R.T.B:
[11,26,3,4,7,12,19,13], text based on [27].

Group Two

In the following prototypes, we test two different place-

ments of the Show Spin-offgutton. By clicking on the but-
ton, a sidebar appears that contains the relevant spin-offs,
grouped according to the in uenced parameters. Figures
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4.3 and 4.4 show how the sidebar looks like. We wanted to
experiment with a less intrusive menu design in compari-
son to group one. A sidebar, as the name suggests, lies on
the side of the screen and not at the focus. Thus, it does not
cover any of the tutorial text.

By hovering over a text passage that can be in uenced by
modifying a speci ¢ parameter, the passage is highlighted
in the same frame colour of the parameter in the sidebar.
We used this colour-coded highlighting method for sim-
pli cation purposes and due to the technical limitations of
Adobe XD.

Version Three

As gure 4.3 shows, the button Show Spin-offsvas placed
in this prototype version at the top of the tutorial page. By
clicking on it, a sidebar appears as described above. The
sidebar contains all parameters relevant for all spin-offs re-
garding the whole tutorial.

Figure 4.3: Version three for showing spin-offs. The but-
ton to show spin-offs is placed at the top of the tutorial
page. Spin-offs appear as a sidebar. Images from L.R.T.B:
[11,20,3,5,12,7,13,6], text based on [27].

Project-based
spin-offs with a
sidebar menu.
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