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Abstract. This paper explores Downloadable Assistive Technologies (DAT)
and the possibilities as well as the limitations of publishing and fabricating DAT
through online 3D printing communities. A design probe was used for this
research within the context of Thingiverse, in the form of a 3D printed dog wheel‐
chair design probe – the FiGO Dog Wheelchair. FiGO enabled an exploration of
co-customization of tools and processes for DAT, issues of design and commu‐
nication around modification and personalisation, with several other themes
emerging from the research. It is concluded that implementing communication
guidelines for publishing DAT on Thingiverse by involving both end users as well
as health professionals in the research process is vital to the process of co-fabri‐
cation and modification in an open design context.
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1 Introduction

As digital fabrication is rising in popularity and becoming more accessible to consumers,
people are participating more frequently in the practice of downloading, fabricating, and
publishing 3D models or design blueprints online. There are no limits to the variations
of objects that can be found and downloaded from various online 3D printing model
repositories. Thingiverse, for example, has grown into a massive community since its
launch in 2008. Thingiverse “reached a landmark one million uploads and 200 million
downloads” on October 29 2015 [1]. While the growth of participation is irrefutable,
many questions arise from the practice of sharing, creating, downloading, and printing
downloadable designs, including the questions of motivation, community, safety,
disruption, and the design and availability of technologies that make digital fabrication
possible.

Downloadable Assistive Technologies (DAT) is one area of growth in digital fabri‐
cation where many of these questions are starting to emerge, and is an area that the
Thingiverse community is actively engaging in. In fall 2015 Makerbot announced the
Assistive Technology Challenge [2], where community members were encouraged to
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design assistive technologies to be printed by a Makerbot. DAT are an interesting subject
of research because issues of motivation, community, safety, and disruption [3] are
recognizable in the challenge that DAT represent to the prevailing model of medicalized
assistive devices [4].

DAT refer to designs of assistive technologies uploaded online with the intention of
being downloaded and fabricated by an end user. This activity is based on the concept
of Open Design - the material or physical equivalent of Open Source software [5]. While
users are often required to conform to standardized medical or assistive devices, 3D
printing of DAT enables users to customize their devices for both functional and
aesthetic reasons that can lead to a better outcome and fit for users needs. Hurst and
Tobias explore in their paper this idea of customization and outcome and suggest,
“empowering users to make their own Assistive Technology can improve the adoption
process (and subsequently adoption rates) [of assistive technologies]” [6]. Users can
express themselves through individualized assistive technologies that are customized to
be optimally functional for them as well as being aesthetically pleasing. However a
number of concerns arise. DAT may not all be rigorously tested and approved by medical
professionals – as is the case for traditional assistive devices. The potential for modifi‐
cation and innovation is clear, but there are risks taken on by end users in terms of
potential adverse or neutral outcomes, and there may also be a certain resistance from
the medical community, as they do not believe makers will perform the necessary thor‐
ough risk assessments that a health professional might provide. In a recent study looking
at challenges associated with DIY assistive technology in the context of children with
disabilities, medical professionals who were participants in the study “questioned
whether or not non-professionals would have the required engineering knowledge and
experience to be able to take similar precautions [as they do in their practice]” [7].
Designers of DAT play a role in this milieu, potentially managing trade-offs between
articulating highly constrained (commercial) design and completely open (download‐
able) design in order to produce safe (regulated) design while keeping the design open
for innovation.

In this paper, we explore the issues of DAT design through reflection on a DAT
design probe [8]. The design probe took the form of a prototype DAT of the FiGO Dog
Wheelchair designed for a French Bulldog in a collaborative design process with the
dog and its owner. The design probe enabled the exploration of themes relating to the
open design context of assistive technology and digital fabrication: design modification/
remixing over time, the need to address risk and novice maker education, and online
offline user engagement. These themes are discussed and relating research questions and
implications for design are explored.

2 Design Probe

FiGO, a DIY dog wheelchair [see Fig. 1], was chosen as a case study to explore DAT
due to the nature of the current pet product sector. The pet product sector is not widely
regulated and as such it is a sector where customized or personalized items are common
and are often created without expert or regulatory oversight. There are fewer barriers to
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designing, fabricating, and testing products for pets, similar in many ways to the situation
for the human DAT sector. As noted by the American Pet Product Association, there
are very few listed regulatory requirements for pet products other than for pet food or
pesticide products [9], and products that are intended to be worn by pets, or to be used
for exercise or pet housing, are not regulated.

Fig. 1. The FiGO Dog Wheelchair (photo courtesy of Pete Thorne)

The design probe FiGO is a 3D printable dog wheelchair kit that aims to disrupt the
current market for assistive pet devices. Commercial wheelchairs for domestic animals
are very expensive (rear-support-only dog wheelchairs costing up to $525.00) [10] and
often inaccessible to many pet owners due to cost and availability of veterinarians and
veterinary orthotists with dog wheelchair expertise. Issues of access arise for individuals
who need a pet wheelchair for their animals at short notice due to a trauma related injury
to the pet, when on a budget, at a remote location, or perhaps for temporary purposes
during recovery from surgery. Embedded in the concept of FiGO is the empowerment
of individuals to build their pet’s wheelchair with a combination of relatively available
digital fabrication (3D printing) and easily available traditional making or small-scale
construction. FiGO uses parametrically designed 3D printed joint pieces that fit into
acrylic or aluminum tubing, which can be easily customized to the dog for both func‐
tional and aesthetic purposes. All materials used in the kit that are not 3D printed can
be sourced locally at most hardware stores.

The kit includes 10 3D printed customizable joint pieces in total that can be printed
with a variety of consumer grade 3D printers in ABS or PLA plastic. The printer used
for this iteration was a Makerbot Replicator 2X. Each piece takes roughly an hour to
print, so the print time can be averaged to 10 h. Other than the time commitment, the
material cost is very low as long as the pet owner or fabricator has access to a 3D printer.
Increasingly, public spaces such as libraries and schools are providing publicly

244 R. Charbonneau et al.



accessible 3D printing facilities and equipment, for instance in Toronto, Makerbots are
available to be booked for use at the Toronto Public Library for public use [11]. Spools
of ABS and PLA plastic cost roughly $45 USD at the time of writing [12], and Makerbot
suggests that 1 kg spool can print up to 392 chess pieces [13]. While this does not give
a measure of how much a spool can print in volume, it gives an estimation of how many
FiGO pieces can be printed with one spool (each FiGO piece being no larger than 2–3
chess pieces) – using this data FiGO pieces that require printing could be produced for
less than $5 USD. The other components of this specific French Bulldog wheelchair
were acrylic tubing ($7 USD), straps to support the dog in the wheelchair ($3 USD),
wheels ($5 USD) and leg bag ($5 USD), totalling in a material cost of $25 USD.

3 Design Process

3.1 Participatory Approach

The creation of FiGO was achieved through a series of rapid prototypes that helped
inform further iterations of the overall design. The end user became a participant in this
process, through involvement in the ideation process and also in the ideation of the
concept and subsequent two iterations of the design. Collaboratively, the aesthetic qual‐
ities of the wheelchair were determined based on the owner’s dog’s personality and how
they wanted to express that personality given a range of choices for material and finishes.

Though the design outcome is a kit that enables users to build their own dog wheel‐
chairs, the first author produced the prototypes together with the participant (dog owner)
as a co-designer. While the design and initial prototype fabrication did involve para‐
metric design and fabrication knowledge, the design was developed with the consider‐
ation that it should be easily produced without extensive knowledge of fabrication.

This co-design process began from a user-initiated interaction on a popular Facebook
trading group based in Toronto called the Bunz Trading Zone. The Bunz Trading Zone
is an online community that aggregates requests for trades posted by users. It is important
to note that it is a completely non-monetary platform. Members of this community often
use this group as a space to trade goods and services, with the ultimate goal to re-appro‐
priate used items. However, this group is much more complex than simply a platform
for trading. It has grown into a very large community that engages in storytelling,
knowledge, and skill sharing. In this group, a user posted a story about their French
Bulldog that was in need of a wheelchair to support her back legs that were rapidly losing
function. The first author reacted to this posting by offering to help design a wheelchair
for the dog. As a trade for the first author’s design services, another user of the Bunz
community stepped in and provided a high quality photo-shoot of the work for docu‐
mentation purposes. After this introduction, conversation quickly moved from the Bunz
community onto other media such as texting and email, as the first author and participant
were getting acquainted with one another.
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3.2 Design Process and Fitting

The creation of the FiGO Dog Wheelchair involved the following phases that are
commonly used by professional designers: market research, expert research, design brief
development together with client to establish functional needs and goals of the project,
measuring and fitting to the physiognomy of the dog, iteration, and production of final
prototype wheelchair.

Prior to meeting the design participant, the first author researched existing dog
wheelchair designs. Researching wheelchair designs developed by experts in pet assis‐
tive technology was important for collecting information on how to adapt and remake
the rear support dog wheelchair into a much more aesthetically pleasing and affordable
design, while retaining its original functionality. Assistive technology design expertise
is often missing from a platform such as Thingiverse, as it is a platform of makers who
produce many objects very rapidly and who may not perform extensive background
research. The lack of digital presence of research and expertise on dog prosthetics repre‐
sents a gap in knowledge availability and sharing in the community.

The initial project meeting between the participant and the first author involved
taking a series of measurements to properly size the components of the design to the
dog’s challenged physiognomy due to paralysis of the back legs. Measurements were
based on sketches of the design that were inspired by research on existing commercial
dog wheelchairs. During the prototyping process, as the design was being realized more
substantially, it was clear that some measurements were missing and needed to be taken
to move forward. A photo of a French Bulldog with two colored lines visualizing areas
that needed to be measured was provided to the participant so that these measurements
could be recorded. Once the initial prototype was produced, the dog was secured to the
chair and appeared to provide a good fit based on how the dog interacted with the device.
However to firm up this assumption a veterinarian will be consulted to confirm that this
assistive device does not have any undesired long term effects for the dog. This process
revealed the need for clear visual documentation of guidelines for measuring a dog for
a wheelchair and for involvement of veterinary expertise.

4 Outcomes and Experience

4.1 Design Choices

The dog wheelchair 3D printed joint pieces were initially designed to imitate rounded
plumbing fittings. It was discovered that geometric shapes were much more appropriate
for 3D printing as they tend to stick more strongly to the machine bed, minimizing the
potential warping of the piece. This also provided an interesting design aesthetic that
further differentiated the joint pieces from plumbing fittings. The 3D printed pieces,
which could be printed in a wide variety of colors, were printed in a bright purple as
suggested by the participant. 3D printed nylon was explored as a possible material for
this project due to its flexibility and strength, but its inaccessibility to consumers and
incompatibility with most consumer grade 3D printers made ABS and PLA the obvious
material choices for the project.
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The wheelchair structure was built using clear acrylic tubing. While this was an
appropriate solution for the French Bulldog, what was learned from this process is that
dogs will require different materials, depending on the dog’s weight and breed. A benefit
from the acrylic is that it allows the end user to fill the tubes with glitter or other craft
materials to further enhance the look of their wheelchair. The French Bulldog’s chair
was filled with purple glitter. The wheels were purchased from a local hardware store,
but future iterations of this wheelchair will likely make use of rollerblade wheels and
standard skate bearings to ensure that many communities can access all materials locally.

4.2 Novice-Designer Relationship

In this case, the designer was an expert in the phases of the design process and the
development and fabrication of 3d printed components in combination with the other
elements such as harness and wheels to create this assistive dog wheelchair, and the
novice was an expert in their requirements for the end product. Working with the end
user directly provided a rich understanding of their needs and how to meet them. The
end user was well researched in their dog’s condition and was able to provide knowledge
on the subject, based on interactions with their veterinarian, which informed design
decisions (notably the incorporation of 3D printed pieces that include additional suppor‐
tive straps on the chair). They also developed a bag that held up their dog’s legs so that
could be fastened to the wheelchair. This helped reveal the need for the wheelchair to
be very adaptable (and thus, open) so that it can be used to support a varying degree of
severity of paralysis in other dogs.

5 Scaling the Project

5.1 The Thingiverse Platform

The FiGO project currently exists as a project page on Thingiverse, where it can be
accessed and downloaded for fabrication. Thingiverse is currently the largest virtual 3D
printing community, which makes it a great site for dissemination, awareness, and
accessibility. The first author chose to publish the project on this online platform, where
the project can be openly accessed, to gain a further understanding of risk management,
and to learn more about what different users may need in terms of instructions to
successfully build the project by themselves. In order to more smoothly transition into
this platform, the design would ideally need to be adapted to ensure that it is a feasible
project for novice users who do not have a designer or experienced maker close-by.

5.2 Design Customization

Thingiverse [14] enables users to adapt existing projects to suit their specific needs,
provided that they have the knowledge required to amend a design. In Patterns of Phys‐
ical Design Remixing in Online Maker Communities, the authors describe that while the
ability to more easily customize (or remix) designs though Thingiverse’s Customizer
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application has catalyzed a huge influx in design authors, designs produced through this
tool are very rarely interacted with by members of the community once they have been
published [15]. Other explorations of specific DAT expertise and participation in open
design also indicate the need for designing in customization opportunities [17] in a way
that is enabling for novice makers.

5.3 Lack of Feedback for Design Iteration

There seems to be very little engagement around improving and iterating on designs
from members of the community (novice makers) that may lack technical expertise to
produce novel designs.

Thingiverse has the infrastructure in place to allow users to post, share, and fabricate
3D printed projects via a project page which varies from a completely empty page with
no added author information or guidelines, to elaborate DIY style step-by-step instruc‐
tions. One aspect of the FiGO experience that Thingiverse is lacking is offering oppor‐
tunities for dynamic interaction that a community such as the Bunz Trading Zone so
effortlessly invites. Thingiverse could benefit from a space that would elicit impromptu
connections to bring together end users, designers, engineers, and makers. In fabrication
practice taking place exclusively online, potentially complex projects such as DAT may
require alternative forms of engagement with the project author such as video chat, or
a dedicated collaborative space other than the comments thread paired to a project page.
Thingiverse Groups [14], Makerbot’s attempt at community forums, could be a starting
point for this style of interaction.

5.4 Co-creation Potential in Online Platforms Vs. Direct Interactions

After engaging in this design probe experience, it seems highly unlikely that an indi‐
vidual could receive the same value out of a completely online co design experience
(with reduced or minimal interaction), as opposed to a local co design project. We
recognize that there is some need for more than what is currently available on Thingi‐
verse. There was much value gained from designer interaction with the end user: aligning
goals and expectations for the project, ensuring a plausible, functional design, and also
learning from the iterative experience for both designer and pet owner. This process of
engaging with the end user could also empower them to appropriate the project and
potentially improve upon it [4], or at the very least learn the skills to be able to repair
the dog wheelchair if necessary.

It would be interesting to study what tools could teach or encourage novice makers
to participate in improving designs in more indirect ways. An example of a community
that has structure that allows this level of participation is GitHub, a social open-source
programming community, where members can post issues [16] on projects, which are
comments or annotations that often inform authors of bugs in their code, or perhaps to
address areas that could be improved upon by the authors. Members can resolve issues
themselves, but are not required to do so to be productive contributors to a project. The
support of active communities and techniques for supporting skill building and the

248 R. Charbonneau et al.



inclusion of novice users is an area not well explored currently in the open designs with
a physical outcome as end result.

6 Emerging Themes and Future Directions

A number of larger themes emerged and were explored in this study. This research
project has enlightened the need for involving multiple stakeholders in the process of
documenting and developing DAT with specialty skills in dog prostheses identified as
a gap in current participation in online Open Design [5] initiatives. There remains unre‐
solved risk and safety issues, how these risks may be controlled through a variety of
mechanisms including the parametric design files themselves, support tools (fitting tool),
and through risk and safety communication possibly through structured communication
templates – although this is one of many possible vehicles. The study has also provided
insight into the level of clarity needed when giving or providing design instructions that
could be enhanced by visual supports such as video or animated instructions. Currently,
the use of support materials and the communication of design modification boundaries
and safe fabrication and use has not been the subject of liability claims to our knowledge.
However, legal liability and the development of safeguards for use of DAT may emerge
overtime as use of DAT expands.
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