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Abstract

"Autofabricantes” is a participatory design collective that
started at the Medialab Prado in Madrid in 2015. Its main
aim is to co-design assistive devices and limb prostheses
for children. Combining different types of experience and
knowledge, engineers, designers, occupational therapists,
and children have contributed to the creation of open source
solutions. The following article analyzes this initiative focus-
ing on how design-based strategies have helped to overcome
different interests, types of knowledge and legal frameworks
(Lafuente and Corsin, 2010) to create an open archive of dif-
ferent solutions and prostheses that can be replicated glob-
ally in fablabs or by local communities. By disentangling the
material and technical elements of affective and aesthetic
decisions, we will argue that the transformation of children
into designers of their own members has contributed to em-
powering these communities and naturalizing a set of pros-
thetics (Callon and Rabeharisoa, 2002). These artifacts and
methodologies work as an answer to some of the problems
that market-driven initiatives have not solved (Simonsen,
Scheuer and Hertzum 2015). Until now, the market offers
invasive and expensive designs over which the people con-
cerned have no decision-making capacity or say.

The paper will analyze a specific set of workshops, exam-
ining the protocols, steps, and strategies developed in order
to create an atmosphere that allows for the collective design
of complex sociotechnical artifacts (Corsin, 2014). It will also
analyze how these workshops have given rise to increasingly
imaginative products that challenge conventional ideas about
how prosthetics and the body itself work and should look like.
By introducing children into the design and production pro-
cess, we can see the emergence of prototypes that go beyond
function. This opens debates on how health, care, well-being
and design are intertwined and materialized in specific ma-
terial products to improve the quality of life and social justice
(Constanza-Chock, 2020, Bordeleu, 2020).

Author keywords
Prototyping, prosthesis, co-design, care, health, children.

Introduction
"Autofabricantes” is a participatory design collective which

started at the Medialab Prado in Madrid in 2015 whose main
aim is to co-design assistive products and limb prostheses
for children. Combining different types of experience and
knowledge, engineers, designers, occupational therapists
and children have contributed to the creation of open source
solutions (Abad, 2016). The objective of the following article
is to understand the role of the children who participate in
these workshops as co-designers of their own prostheses. To
do this, we will evaluate the methodology used in a specif-
ic workshop, looking at the background, previous steps and
established dynamics to facilitate the conversion of what
healthcare treats as “patients” or sick people into active sub-
jects in the design of their own prostheses. This type of work-
shop follows the logic of what has been called “DIY prosthet-
ics" (Knochel, 2016) and is integrated into the logic of what is
called “critical making” (Record, Ratto, Ratelle, leraci, & Cze-
gledy, 2013), that is, the use of fablabs in spaces of collective
design or at the service of social transformation.

Background

The “Autofabricantes” working group originates from a first
group called EXando una Mano, located in Seville in 2013.
This group has developed a set of tactics and methodolo-
gies for creating prostheses where users are at the center of
the design process. Users, mainly children, are part of a large
group of organized citizens who develop them by contribut-
ing their expert, experiential or amateur knowledge (Estalella
A, Rocha J. and Lafuente A, 2013). The workshops that we
are going to analyze take place in Medialab Prado, a space for
public cultural experimentation or citizen laboratory (Corsin,
2014). This space was and is a pioneer in opening of concep-
tual debates and hybridization of disciplines, areas of inter-
est and democratization of possibilities for innovation and
research with and from citizens (Fabian and Rowan, 2016).
In a broader scenario in the European context almost two
decades have past since the inception and development of
communities dedicated to the creation of free and/or self-
built hardware, and the appearance of fablabs, makerspac-
es, etc. This has contributed to many changes in the ways
objects are being designed and produced (Perez de Lama y
Garcia, 2018). Recently specific communities have grown
around concrete needs and concerns, such is the case of
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communities of concern around health issues. This has con-
tributed to blend fablabs and social concerns (Garcia, 2019).
Currently there are many collaborative design communities
with disparate formats of collaboration, organization and
management (Fanio, Jimenez-Martinez, & Cantero, 2020). At
the same time, and in the opposite direction, we must ac-
knowledge how the public health system considers that the
individual who is missing a limb is a patient who needs to be
treated and cured.

For the health system, the individual citizen becomes the re-
sponsibility of the State, or of him or herself. By doing so the
problem becomes individualized and the subject reduces his
or her agency (Stengers, 2005, Bordeleau, 2010). The disease
is cataloged and individualized, and treated through a series
of standardized and regulated protocols in the search for a
maximum care guarantee for the general population. This
situation has resulted in a pathologization of a multitude of
personal situations that, in part, have social and contextual
components (Segura 2018). The theories surrounding func-
tional diversity challenge these standardized assumptions
of what health and wellbeing imply (Toboso, 2018). In the
context of digital manufacturing workshops, so called pa-
tients are transformed into active subjects on the design of
their own prostheses.

Over many decades, the health and pharmatheutical sector
has responded to this question by providing a wide variety
of technical solutions (such as prostheses or ortho-pros-
theses) that provide disabled users with tools to function
"normally”. The aim is to make all of the bodies equal, adapt-
ing to a capable and normative body (Agull, 2011). A large
catalog of technical assistance devices have been created
to which the disabled user should adapt without questioning
the specificity of his or her disability in order to fully relate
to the world. The person affected is almost never a partici-
pant in the functional, aesthetic or formal decisions of their
technical assistance: most of the time, it is their bodies that
must adapt to them (Cottam 2019; Driedger, Kothari, Mor-
rison, Sawada, Crighton, & Graham, 2007). In recent years,
many collaborative project initiatives of different modalities,
durations, and depths have emerged to provide concrete re-
sponses to this lack of adaptation, debate, and/or care mod-
els in the orthopedic and prosthetic market.

Case study

Within the trajectory of Autofabricantes, in the period that
goes from 2015 to 2020, the collective operated as an open
research group with about 20 permanent members and an-
other 30-40 volunteers that took part on an occasional basis.
These members contributed with their specific knowledge
in some part of the development of different prosthetics
(electronics, industrial design, programming, occupational
therapy, manufacturing, physiotherapy, etc.). Citizens from
different backgrounds were organized following themat-
ic subgroups and met weekly in person at Medialab Prado.
These sessions included families and children with missing
limbs, and previous experience in the use of market pro-
duced prostheses. The technical documentation derived by

1 https://github.com/autofabricantes. Last accessed 19/01/2023

these workshops can be found in Github’s own repositories?
or on the Medialab’s site? Based on this work and creation
system, a string of different projects have been developed.
All stem from proposals put forward by the children to the
working group. This made it easier to address questions that
the children themselves asked, such as “Why should a hand
look like a hand? or why should a prosthetic tool respond
to a specific need and not to the complexity of a common
hand. In the following paper we will address the creation of
a specific prototype named “SuperGiz”, a prosthetic glove
that can be adapted and modified to a variety of bodies and
playful needs.

Methocdlology

In the following paper we will focus on the analysis of a work-
shop that helps to develop the SuperGiz prototype. The work-
shop took place between March 7 and May 5, 2022, and it is
the last in a series of workshops that took place during more
than 4 years. We chose to focus on this specific workshop
because it is the most recent and the first to take place after
two years of the pandemic. This is also the first workshop to
include improvement of life quality protocols. These protocols
were approved by the ethics committee of the VIC University.

We will focus in these specific points:

» What are the important elements that affect the de-
gree of participation of children in the design of their
own prosthesis.

» Which are the tools or means used in these workshops.

» How the participant children blend and are able to col-
laborate with their working group.

» What is the degree of satisfaction and frequency of
use of the prototypes the users designed.

In order to carry out this research, we proceeded as follows:

» Description of a research protocol, ethical code, data

collection code based on WHO regulations, national

and European data protection law and data collection
notebook guidelines (Braun, Clarke 2006).

» Approval of the protocol by the University of VIC with
a defense and rectification of improvements by the
evaluating committee.

» Review of the internal evaluation reports generator by
Autofabricantes and proposal for improvements.

» Implementation of the workshop with improvements
already foreseen in the protocols and in the internal
evaluation reports.

» Guided observation and description by the researcher
of the behaviors of the children, their family and their
group based on a data collection notebook with the
above objectives, among others (Estalella and Corsin,
2020)

» Brief survey on the degree of participation and group
membership.

» Comparative description of the changes introduced
into the workshop structure and the consequences
they had with respect to previous workshops.

2  https://www.medialab-matadero.es/actividades/autofabricantes . Last accessed 19/01/2023




With this we hope to disentangle the material and techni-
cal elements of affective and aesthetic decisions, showing
how this project has helped to transform children which the
health system considers to be patients into the designers of
their own prosthesis.

Key aspects surveyed

Time

Each workshop takes place over three months of time with
three moments of intensive work separated by one month
each. A first contact workshop in which a free prototyping
of ideas takes place is followed by a second workshop based
on testing, redesigning and adaptation of these first proto-
types. The third workshop focuses on testing, reviewing and
certifying usability. Between each session, the collaborating
teams design and 3D print each model that is tested in the
workshops. The interval of three or four weeks between each
workshop is adequate for the development of the designs
and on the other hand the links between participants are not
diluted. The communication between members of the work-
shop does not stop during this time and details, questions
and progress reviews get shared.

The sessions always take place on Saturday mornings to fa-
cilitate travel (many families and children come from other
parts of Spain). In the workshop we surveyed, the second
session was on a Friday afternoon due to the Medialab agen-
da. We observed that they were visibly more tired, more fo-
cused onresolving the design challenges and less time spent
on conversations or social interactions after the workshop. A
regular session lasts about two hours (from 11 a.m. to 1 p.m.)
and in more than 809% of cases it is extended by another hour
due to dialogue among participants. Friday's session barely
lasted 1 hour and 30 minutes (from 5:00 p.m. to 6:30 p.m.)
and there were even families that arrived late or left before
the scheduled time, the collective time was barely 509 of
that scheduled.

Preparation

Participants need to contact the organization and request
to take part in the workshops. They are sent information
regarding health and safety protocols and information on
ethics and data management in order to comply with the
ethical research standards. In the internal evaluations of the
workshops, we detected that some children arrived with a
high level of suspicion and without a clear idea on the nature
of the workshops they were going to attend. Therefore, the
transmission of information from parents to their children
was not effective. From that moment on, families are pro-
vided with informative videos and guides that they can show
their children. In this way they do not generate false expec-
tations, they know the environment, possibilities and limita-
tions of the workshops, what kind of people they will meet,
etc. Their role as active agents in the work process is also
explained to them. With this their adaptation to the team is
faster.

Managing expectations is a key element throughout the de-
sign process. The children are between 5 and 12 years old and
in 70% of the cases (own interviews with 20 cases) they have
already used another type of prosthesis that has not worked

for them. In the first workshops the expectations were high:
they proposed to solve at least 4-5 activities and they did not
know that in the first two sessions there would be failures and
problems regarding the prototypes designed. Currently they
are asked to bring only 2 ideas of activities to design (this can
change over the workshops). They are also advised that some
of the prototypes may not work or need to be resized or re-
designed. It is essential to shift attention to effectiveness at
the time of testing to eliminate as much frustration about
functionality and gain insight into the process. In the analyzes
to improve the quality of life that we carried out, we can see
how 18 cases, the result is 3 out of 3 in priority activities and
2-2.5 in non-priority activities. (see table 1)

Table 1. SuperGiz assistive devices: frequency of use
and satisfaction throughout the study (n = 18).

T, T, T,
Median Median Median p?
(Q1-Q3) (Q1-Q3) (Q1-Q3)
Activity chosen as priority
Frequency of use 2 (2-3) 2 (2-3) 2 (2-3) 0.607
Satisfaction level 3(2-3) 3(2-3) 3(2-3) 0.368

Non-priority activities (n =17)

Frequency of use 2 2 0513
quency (125-245) (112-250) (137-2.55)
Satisfaction level 2(1.75-3) 2.5 (2-3) 2.5 (2-3) 0.165

T1, one month after finishing the SuperGiz collaborative workshops (baseline);
T3, three months after baseline,; TG, six months after baseline,; Q1, first quartile;
Qg, third quartile. a Friedman’s test.

Spaces

Although it may seem like a less important aspect, we must
acknowledge how space shapes and conditions workshops
and studio practices (Farias & Wilkie, 2016). It enables con-
versations and cooperation which are key elements to es-
tablish shared aims and objectives. In the workshops we
simultaneously found 5 teams of 5-6 people plus the main
production team of Autofabricantes and some invited peo-
ple, a total of about 40 people. It is a non-medical place, with
tables, chairs and rapid prototyping tools.

Some of the most relevant aspects and changes introduced
in the last workshop were, for example, the introduction to
a small space prior to the workshop room. On the first day,
children and parents are received by a workshop leader from
the Autofabricantes team. This welcome with few people
generates a first moment of complicity and trust, out of the
sight of many adults. Guided by a small protocol, in 15 min-
utes they get to know each other, the whole design process
is outlined, and the participants get to touch and see exam-
ples of other designs done by other children. During the inter-
views conducted we discovered that part of the frustration,
anxiety and generation of false expectations is derived from
the conversations between parents and their children (80%
want a prosthesis similar to a hand, functional and with full
adaptation for their child). In addition, we detected that 50%
of the families do not know other families in the same situa-
tion. To facilitate interaction between participants breakfast
and drinks are provided. This helped to promote informal in-
teractions and conversations that contributed to promote
trust among participants. To increase interaction, in the last




workshop the central table of the space was for breakfast.
The fact that the Autofabricantes team is not present in this
context has led to riskier design decisions and proposals as
shown in internal reports.

We must also note that along all the design phases, basic
tools are needed to fasten the movement from ideas to pro-
totypes. Colored pencils, cardboard, paper, scissors, plasti-
cine and other basic tools are widely available. In this work-
shop we noted that all the tools except pencils and paper
have been centralized on a table (next to the breakfast) so
that children can freely go for what they need. This change
has two objectives: to increase proactivity and to help shy
children to interact with their peers. All this has been report-
ed by the Autofabricantes team in the last evaluation report
after the workshop.

Roles and interaction

From the very beginning each family unit is accompanied by
a team of four collaborators composed by someone expert
in engineering, industrial design, physiotherapy or occupa-
tional therapy. This team is the reference point for the child
and the family. For 3 years they have been given specific
training on interaction in order to build-up the child's con-
fidence. They propitiate playful interactions, use simple and
clear vocabulary, help with prototyping, etc.

A member from the Autofabricantes team is the person of
reference for each design unit. Their main task consists in
helping to generate bonds of trust amongst participants
and children. This person also conducts the workshop, is
the timekeeper and keeps in touch with the family after the
workshop finishes. This person also provides the general de-
sign criteria and helps to define the limits and the possibil-
ities of manufacture, use, etc. Other adults with a missing
limb are sometimes invited to meet the children and their
families. This idea was first proposed by one of the attending
families and we have detected that it is important in order
to naturalize different disabilities and have other references
to look at.

The workshop itself

Session 1: The initial welcome and introduction to the gen-
eral workshop dynamics is crucial for the children attending
the workshops. Afterwards, they begin to design the possi-
ble solutions to the problems posed using quick prototyp-
ing options such as paper, plasticine and cardboard. They
draw, touch and each participant contributes with ideas or
prototypes. Sometimes they can play with objects, attach-
ing them to their arm, or drawing directly onto their bodies.
When the definition of the designed solution advances fur-
ther, a first conversation about materials and technical chal-
lenges takes place. Each step, the child is made aware of the
possibilities or limits of their design.

Session 2: In this session the team focuses on lowering the
child’'s expectations. On this stage 3D printed prototypes
and models to test are available and in more than 50% of
cases they do not work for reasons of size or adjustment.
The biomechanical conditions here need to be taken into
account. The team (including the children) pay more atten-
tion to every detail, re-measure and intervene or modify the

physical model in situ to test changes or new ideas. Touching
the models contributes to arriving at better design solutions
to which the whole team can contribute.

Session 3: This last stage is all about testing out the proto-
types. If all the designs fit and have validation from the occu-
pational therapists, they can take them home. In evaluations
of previous cases, we detected that the parents determine in
a clear way the frequency of use of the prosthesis designed
by the children. To reinforce the degree of commitment of
the children, a card with 4 simple use guidelines is included
along the prosthesis. A space was also added with a hand-
written message from the work team, thus also reinforcing
commitment and affective ties through the group.

Evaluation and conclusions

In order to know the perception of the children about their
participation in the design process and their belonging to the
working group, a brief questionnaire was introduced into this
workshop. It was carried out with the presence of their par-
ents, in the final 30 minutes of the workshop. The children
read and answered directly on a scale of 1to 5 to 6 questions.
5 families took part in the workshop and 4 children answered.
The questions and results, in this order, were the following:

Table 2. Children perception about their participation

Yes No 1/ 2/ 3/ 4] 5/
little ra- nor- quite alot
ther mal
Do you like your 4 0 - - - _ _
SuperGiz?
Do you like to do - - o] o] 0 1 3
things in a group?
Have you participa- 4 0 - - - - -
ted in designing it?
How much have - - 0 0] 1 1 2
you participated?
Did you like - - o] o] 0 2 2
doing SuperGiz
ina group?
Do you consider - - 0] 0] 0 1 3
yourself part
of the group?

Acknowledging that the sample only corresponds to one
workshop and only a few children replied, we can highlight
an adequate response regarding one of the objectives of the
workshops, enjoyment and in a minor degree, participation.
More research needs to be conducted but after following this
project we can conclude that these workshops have contrib-
uted to a big degree to transform children into the designers
of their own prostheses. Many factors have contributed for
this to happen: methods, tools, work rhythms, spaces, ma-
terials and conversations. Another key element identified in
this process is the creation of trust among participants. Chil-
dren must increase confidence in their skill and build trust
with their group.

We also consider it important to note that in this program
any design carried out must be thought from a particular
need but must serve many more people, this implies re-
thinking versatility, changing parameters and including other




families and groups in the design process. Children go from
designing only for themselves to design for others. Knowing
that disabled children can prototype almost anything rela-
tively quickly allows them to imagine more possibilities and
re-think completely how a prosthetic limb should work and
look like.
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