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ABSTRACT

People living with disabilities can have needs for Assistive Technology (AT) that are out of the scope
of occupational therapists, commercial markets and charitable distributions. For such needs, designers,
engineers, makers and clinicians in the local community can design and fabricate AT through an
inclusive, participatory, user centred design process. By tapping into the skills, creativity, facilities and
knowledge of local design, medical, engineering and management schools, we can make clinics for AT
innovation, practical design education, business incubation and product provision. Through two case
studies, we demonstrate the necessary steps towards this novel approach to compassionately design,
fabricate and deliver bespoke and scalable AT innovations. The practice is multidisciplinary, it
empowers people with disabilities to creatively challenge their problems, contributes to design education
and requires a system to ensure product quality and follow ups. We envision that over years, this practice
can become a movement that is able to systematically knit the patched ecosystem for AT, while
contributing to the global understanding of design for people with disabilities.
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1 INTRODUCTION

Due to lack of affordable and appropriate product options and diminished means to address needs
from a policy point of view, the issue of providing appropriate Assistive Technology (AT) to people
with disabilities has become a wicked problem (de Witte et al., 2018). Universally designed, mass
manufactured and mass distributed AT does not always fit people’s needs, which in turn leads to high
rates of abandonment (Philips and Zhao, 1993). Occupational therapists and rehabilitation engineers
tailor, craft and repurpose objects to suit the needs of their patients (De Covereur and Goossens, 2011)
but these solutions are bespoke and do not permeate the larger market space. With the advent of digital
manufacturing, new possibilities have emerged such as the e-nable prosthetic hand, which allows for
personalised, inexpensive and repairable AT (Hofmann et al., 2016). However, often, and especially in
low and middle income countries, there is a lack of both trained healthcare professionals and local
fabrication knowledge and facilities, which stifles the availability of AT for people. Therefore,
families and local communities fabricate ATs for themselves, making use of what they have and
ingeniously crafting material artefacts to achieve the assistance that they can (Werner et al., 1998).
The global picture of AT innovation therefore, looks more of a patchwork than a systematic
ecosystem.

This patchwork, presents opportunities. There is a clear need for AT innovation that is affordable,
adaptable, available and much of the need requires bespoke manufacturing and craft which, given the
rise of digital manufacturing methods provides a considerable opportunity for new entrepreneurial
activity. Designers, engineers, makers, clinicians along with people with disabilities in their local
community can try to address this gap by working together. In this paper, we demonstrate the initial
steps towards a novel approach for a possible way to design, fabricate and deliver AT by tapping into
the skills, creativity, facilities and knowledge available in local design, medical, engineering and
management schools, making them clinics for AT innovation, practical education, fabrication and
provision.

In such academic settings, innovative ideas can incubate in a safe, creative and fostering environment.
They are shielded from the pressures of economics, guided by academic expertise and are encouraged
to be innovative, user focussed and impact driven towards the betterment of the local environment.
Such hubs will be instrumental in producing the necessary research to enhance our collective
understanding of the lives, needs and solutions for people who require AT, which at this moment, of
meagre quantity and quality (Borg et al., 2011). Over the years, we expect that such an approach will
help many people with disabilities, train students through practical user centric design projects and
evolve to create a local impact that can produce globally relevant solutions.

In this paper, we reflect on two projects undertaken at the Department of Design, Indian Institute of
Technology Delhi. These projects are described in Section 2. In Section 3, we highlight four key
experiential learnings from the cases, three of which we argue are necessary for effective AT
innovation and one which makes the practice meaningful in an academic setting.

2 PROJECT CASES

2.1 Fulfilling the needs for personalised and complex AT

Madhav (name changed), a 22-year-old young man has been living with spastic quadriplegia for the
past 20 years due to a complication that occurred in surgery when he was a child. Ever since, he has
been dependent on his parents for his activities of daily living and social participation. His family
cannot afford expensive AT such as a powered wheelchair or a full time carer. They face difficulties to
balance between the level of care and support that their son requires and their professional
responsibilities. As they are getting older, their physical capabilities are dwindling, they have started
to present medical issues and were looking for something that can help.

Multiple engagements with the user and his family were made by a design academic, an engineering
student, a maker and a physiotherapist. This led to enhanced understanding of the needs of the family
from different perspectives and allowed for a collaborative partnership to develop to address the
family’s needs. Some of the engagements were in the context of their home, where they could show,
tell and demonstrate how a day in their life is. Semi-structured interviews were conducted in such
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settings to understand the context and the rationale behind their adapted activities, in order to discuss
ideas and evaluate potential design interventions. It was strongly remarked by Madhav’s parents that
being facilitated to think of bringing a change was empowering. The team collaboratively developed
an idea for a device that could help the Madhav stand, so it gives him a psychological boost, stretches
his contracted joints, corrects his posture, provides load to the muscles in his limbs and helps his
parents to transfer him from place to place in the house. As the device would need to be mainly
operated by the parents, it was essential that it is easy to use, robust, compact and requires as little
maintenance as possible.

The Basic Design Cycle (Roozenburg and Eekels, 1995) was followed to conceptualise the idea which
quickly moved to prototyping. The motion of sit to stand was achieved by a four bar crank rocker
mechanism (Dynref.engr.illinois.edu, 2019) actuated by an off the shelf hydraulic jack. Once the team
built the first prototype, the family was invited to the academic makerspace to evaluate the design. The
evaluation was conducted under the supervision of two physiotherapists who offered a clinical critique
to the functionality and causes of potential harm from the device. The feedback from the users,
medical experts and other makers and designers was taken into account through think-aloud
discussions while Madhav and his parents used the device. The entire event was video recorded, which
was then used to further develop the product. Based on the feedback, the design was refined by
making it lighter, more robust, secure and comfortable and appropriate for Madhav’s physical
measurements and fabricated again using industrial manufacturing techniques available at the
institutional makerspace. The family, the user and clinical experts were again invited to the workshop
to evaluate the product and provided feedback on finer details. After the suggestions were
incorporated, Madhav began using the device. His parents have been recording his activities over time
under the guidance of the physiotherapist and have access to on-demand device related technical
support by the engineering student and the technician involved in the fabrication of the device.
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Figure 1: (a) Madhav’s parents demonstrating various effects they have observed over the
years. (b) Madhav evaluating the first prototype device to help him stand up under the
supervision of physiotherapists, his parents, other designers and makers (c) Evaluation of
the second prototype, the user and the family had the confidence to make him stand straight
up and move around. This picture was taken outside the building. (d) Madhav using the final
product at home.

2.2 Supporting Inclusive Product / AT enterprise

Saif (hame changed) is 28-year-old, has a congenital lower limb abnormality and uses a wheelchair.
He had his motorcycle adapted for daily commute. The adaptation was done by a local mechanic who
provides modification services of motorised vehicles for people using wheelchairs, crutches and lower
limb braces. The user was highly dissatisfied with how the motorcycle operated after the modification
and had previously met with an accident due to a mechanical failure in the modification. “Being the
only form of design adaptation available, the product is highly stigmatised with little care to aesthetics
and engineering optimisation” said Saif. Seeing no better option available in the market, he was
motivated to take the challenge in his own hands and make something that is dignified, safe and
functional for himself, with a possibility to build an enterprise in future as he knew of many other
wheelchair users who are faced with similar challenge on a daily basis.
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Through a series of meetings among the user, design academic, engineering, design and management
students, a rich picture of the Saif’s requirements and a sense of mutual trust was built. The existing
system was analysed and the state of the art for such products was studied. A survey was conducted
with over 150 people with mobility disorders from various cities in India. It reported that over 92% of
the people who are using such a modification feel that there can be a better adaptation to their two
wheelers compared to the ones that are currently available. The information from the survey and
multiple brainstorming sessions - building on the experiential knowledge of the user and his friends
and guided by the skills and expertise of the engineering, design and management student’s team - led
to a desirable, functional and economically feasible concept of a tilting reverse trike.

Reverse Trike is mechanical configuration of motorised vehicles that has two wheels in front and one
at back. It is stable at zero speed compared to two wheelers and offers better cornering capabilities
than three wheelers with two wheels at the back (delta) (Endeavor Trikes, 2019). At the same time, it’s
more dynamic and offers better manoeuvrability than a four-wheel diamond pattern currently being
adopted as a retrofit modification for people with disabilities. As the user had never experienced riding
a reverse trike, a prototype was developed frugally. An old, motorcycle was repurposed with a custom
built frame and second hand vehicle components. Specific components were acquired from local
hardware stores and the engineering details were adapted to the available components. The prototype
was first evaluated by the makers for its safety and robustness and then it was trialled by the user in
controlled conditions. The feedback of the user provided new hints on how a person without lower
limb control, sensation or presence would like to ride three wheeled motorcycles. This aspect is a topic
for further research.

Another motorcycle was hacked and fabricated using industrial manufacturing facilities at the
institutional makerspace and workshop. Based on the experiential understanding based on the
feedback of the user and other participants, the design was refined. Engineering students and makers
were heavily involved in the development of a proof of concept prototype. They were complimented
by design students who developed the aesthetical and usability concepts of the vehicle. The efforts
were further directed by a group of management students who simultaneously developed a business
model through the SWOT method for the inclusive product in the Indian automotive market. Multiple
users, both disabled and non-disabled, evaluated the prototype motorcycle and gave their subjective
feedback on stability, balance, control and ride experience. “Clearly, this adaptation is proving to be
better and more dignified than before. There are still some technical improvements necessary before
you go to the market but coming this far is already a great achievement”, said one of the participant.
Another participant critiqued that “Riding this vehicle is completely different from a two wheeler.
There is a significant learning curve for me, especially at turning | feel under-confident.”
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Figure 2: (a) Initial in-context user research with people using modified two wheelers. (b)
User testing the primitive tilting reverse trike prototype. (c) Second improved prototype being
tested by an able bodied user for subjective feedback on ride quality, dynamics, braking and

control. (d) User testing the prototype bike on real street conditions.

3 THE PROCESS

Although the two cases are distinct versions of product design and development, in both the need for
the project was initiated by the users. This made users engage actively with the team and critical about
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the results. It led to an obvious and acceptable product which they were proud of due to their
involvement, ideas and inputs. The common people in the two cases were the makers and the
academic who facilitated the two projects. Other than them, according to the needs of the user, a
multidisciplinary team was formulated made of interested students and necessary subject experts. In
both cases, multiple co-creation sessions were conducted in the respective contexts leading to the
conceptual idea. It was followed by iterative design cycles until either the final product was ready to
be delivered (in the first case) or a prototype was fabricated to be evaluated by other users (in the
second case). Although depended on the skills and knowledge of the people involved, the process can
ensure that the products are appropriately designed. For products that are made for bespoke needs, a
system for follow up, longitudinal research for understanding the condition and/or adapting the design
of the product to the changing needs of the user is necessary. We are currently working on the details
of this system and hence, it is out of the scope of this paper. For the second type, a typical process for
industrialisation of designed products, which is well documented in literature needs to be followed.
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Figure 3: Schematic representation of the process in the two cases. The Bespoke AT cycle
is derived from the first case and the Industrial AT cycle from the second. Both have the first
steps in common but diverge on the intent of the final prototype / product of the design
process.

4 KEY LEARNINGS

In literature, there is no definitive consensus about the most efficient design method for disabled and
the factors that should be taken into account for choosing a method (Magnier et al., 2012). User
Centred Design tools are widely used, often intuitively, although their implementation is reported to be
difficult with disabled participants and their effectiveness is not yet established (Barbareschi, 2018).
Tools and methods for the design of Assistive Technology are borrowed from the fields of
Psychology, Rehabilitation Engineering, Psychophysics, Business Development on a case to case
basis, generalisation of which is difficult. From the above two cases, we derive some common threads
that are described below.
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4.1 AT innovation is multidisciplinary

There is an increasing repository of AT design ideas available in virtual communities that has been
mainly generated by hobbyists with an interest in engineering (Buehler et al., 2015). Online sharing,
access to internet, 3D modelling software and video instructions to fabricate and assemble promotes
virtual collaboration (Buehler et al., 2015). Do it yourself AT can improve user’s life by providing
cost effective personalisation of devices eventually leading to reduced abandonment (Hurst and
Tobias, 2011). However, few of these designers have clinical expertise or a direct experience of
disability (Hofmann et al., 2016). Furthermore, there are instances when the needs of people with
disabilities goes beyond what they can design and develop by themselves or what can be easily found
over the internet. The provision of devices which could then fulfil their needs requires diverse
expertise of designers, researcher, engineers, makers and clinicians (at times, business developers,
psychologist and anthropologists) to work with people with disabilities.

Designers facilitate user’s expression and lead to ideas which can achieve their desired experiences
through material instantiations. By immersing themselves in the user’s environment and generating
empathy for the user’s life, researchers can develop a better understanding of the problem that needs to
be solved. Through collaborative ideation exercises, a notion of what is needed and how it can be
achieved begins to emerge in the form of statements such as, “It would be great if there is something
that does...”. For most cases of AT design, these conversations should be in the presence of medical
experts to avoid unforeseen harm to the user and support interventions from a clinical perspective. The
clinical understanding of the condition the user is facing and what would be beneficial for one’s
physical and cognitive maintenance or development over time, is at par with the desired experience the
user wants to have in life. The holistic concept which emerges from this co creation needs to be
detailed for fabrication, which requires engineering expertise. The technical specifications are then
taken over by makers in order to fabricate the product. This entire exercise is iterative in nature; with
concepts, technical specifications and eventually the product evolving through evaluations by the
users, the designers, the engineers and the clinicians at multiple stages. At times, such inventions can
be orphan and are made specifically for a single person. At times, they have to be produced in mass to
be made available for many. Therefore, these activities emerge to become a kind of design
consultancy, design education and a service provisioning system based on multidisciplinary
collaboration.

4.2 Participatory desigh empowers people with disabilities and their families

People are experts of their own experience (Visser et al., 2005). Over the years of living with
impairments, AT users have adapted to become skilled and practical creative problem solvers (Shah
and Robinson, 2007) and they want to be involved in the development of products and services that
they will use. Hurst and Kane (2011) argue that it is possible to build personalised AT, and
empowering users to make their own Assistive Technology to improve the adoption of AT, thereby
reducing abandonment.

Designers need to let users and other stakeholders enter their expertise ‘solution space’ and express
themselves. Their intuition is quintessential for appropriate design. Several methods, or techniques,
can support practice for enhancing the quality of participation have been documented in literature
(Buur and Larsen, 2010), (Kettley et al., 2015). We observed that the participatory design process
fuels the attitude to bring a change, which empowers people to identify their problems and address
them instead of accepting. Users are also motivated by the team’s dedication and passion towards
problem solving. Visiting user on multiple occasions in their own environment gives a rich picture to
designers, researchers and clinicians for more appropriate solutions. It also builds trust which makes
users comfortable to express themselves, collaborate and become part of the team.

Meaningful participatory design requires prolonged engagement but participation can be burdensome
for AT users (Barbareschi, 2018). Adding to this, the complex nature of disabling conditions and the
variation it exhibits across individuals and environments — it can be appropriate to begin the design
process by focussing on a single use case. This is because the undiluted involvement attributes an
active, creative and decisive role to participants which makes them naturally motivated and engaged.
This is counterintuitive as universal understanding and widely useful solution requires sufficient
sample size of participants depending on the research question. However, people with disabilities are
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strongly connected in social groups (Moussaid et al., 2013). Hence, as understanding of the problem
and solutions emerge, this network of users can be involved in the process to provide further feedback
and guide the iterations.

Furthermore, with the understanding of product development process and co-creation, there is a
tendency for the users to come about relevant latent information which can be of high value for the
product development. For instance, while brainstorming on ways to correct the deformity of the hand
in the first case, Madhav’s mother demonstrated a practical phenomenon which she had observed over
the years as to how her son’s hand naturally improved grip at a particular posture. To this, the
physiotherapist explained the anatomical phenomena and the requirement of a device that could
maintain that posture was established, which could not have been anticipated.

4.3 AT innovation and provisioning contributes to design education

In an academic setting, AT design and innovation exercises can practically benefit the disabled
community while providing important learning opportunities for students, (Barabareschi et al., 2017).
These learning opportunities give students the experience to work parts of a real problem and directly
see its impact on lives.

In the above projects, although students’ direct involvement was for specific time and responsibilities
in the assignment, they were motivated by the actual delivery of the product. The constraint of
delivering a product, for which a user they know is waiting, adds a layer of responsibility to the work
of the students. This practical sense of purpose can be a better motivator than academic grades or jury
presentations, but requires close guidance by the academics. “The best part about the project was that
we had to deliver the product to its user. Therefore, it was not abandoned until that goal was achieved
which is not very common for us”, said an engineering student involved in the projects. Another
interning student commented, “Seeing the practical implication of my work and witnessing its impact
was very good. | would not have experienced this in a company based internship.”

We observed that, for the students, engaging with real users helps to develop a genuine understanding
of the problem and a commitment to designing solutions. In the above projects, the involved students
gained knowledge from a clinical, technical, social and business development point of view through
both the advice of experts and practice. Furthermore, because of challenging nature of the
assignments, an experimental but frugal mindset to design (Radjou and Prabhu, 2015), prototype and
evaluate was encouraged, leveraging on the available facilities, access to expertise, materials and
techniques.

The products being built are eventually used by people. Long term monitoring of the device and its
effects on the condition can be done through the integration of sensors in the devices themselves or
through charts in which data is manually inputted and maintained. It would be instrumental in
improving the understanding of condition and to make the designs more relevant and user centered. As
we encourage these projects to be conducted in the local contexts and in a participatory manner
(Section 3.3), practical difficulties in prolonged engagement with users and longitudinal studies can be
reduced.

Utilising facilities and expertise available in academic institutions, high quality of products and
innovations can be achieved. These academic maker spaces are a safe heaven to experiment, innovate
and build quality one-off products that can be given to people for desired utilisation, build prototypes
that can support enterprise development and batch produce artefacts needed for experiments or trials.
However, the act of design comes at the cost of time, material and money. People with disabilities are
not always able to bear the cost of products and personnel developing them. They already suffer from
economic discrimination (Mitra, 2006). Furthermore, the majority of people with disabilities who live
in low and middle income countries cannot afford bespoke products (Rohwerder, 2018). Charity is not
a sustainable approach for provision of AT (Smith et al., 2018).

Provision of the necessary AT to people with disabilities falls under the onus of the government under
the UNCPRD. It’s a complicated decision making process from the perspective of eligibility of
support (de Witte et al., 2018). However, innovation of AT, especially through participatory design,
has the potential to push the state of the art of science of design for the disabled. The development of
products to enhance the capabilities of humans brings light to new research questions, which can only
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be explored while working with people with disabilities. To balance their participation in the
contribution of science, it is justified that they receive the benefits of AT instantaneously. This pushes
the boundaries of the design processes and leads to the development of new products which can be
useful for many. Funds would also have to support potential spinoff innovations until they mature and
are self sustainable. Therefore, the activities of AT innovation within academic makerspaces as
described, should be initially supported by academic grants and governmental funding.

4.4 Product quality and follow up needs to be ensured

In some cases, custom products are fabricated for an individual for long term use. In some cases, more
traditional industrial design and product development processes are employed where prototypes are
constructed to be evaluated. At all occasions, for any form of user testing, the products / prototypes
have to be validated and built with quality standards to avoid any form of harm. Measures to evaluate
have been documented in literature and are widely used in industry such as FMEA and Human Error
Analysis (National Research Council, 2007). These have to be adapted and applied to individual
products which is produced and delivered and to prototypes meant for user evaluations. It is also
recommended that user evaluations are done in the presence of clinical experts in order to safeguard
the user from situations which could potentially harm the users.

People who design and build a particular product are best suited to address such needs but may not
always available. Although, user involvement in the design stage helps them to be able to maintain
safe workings of the device, it is advisable that the design is fabricated such that local mechanics can
understand and preform minor repairs if necessary. For research purposes, users of the device need to
be approached regularly to secure relevant data from a clinical and design point of view. Therefore, a
system to provide follow-ups and maintenance is required. Although we provided on demand support,
however a more systematic system needs to be in place.

If such a paradigm grows in quantity and product delivery becomes the prime challenge, new
strategies to maintain quality and follow ups would have to be utilised, which are out of the scope at
this moment.

5 CONCLUSION

We described two AT innovation projects done at an academic institute in India which lay the

foundational thought for a Multidisciplinary AT Innovation Clinic in academic settings. Its primary

focus is to provision bespoke AT and AT innovation support to local people with disabilities, opening
new avenues to relevant research in AT innovation and design for the disabled, which is of a global
value. Following are our key learnings from the activities:

e  The process requires a collaborative and participatory involvement of a multi-disciplinary team
of designers, researcher, engineers, makers and clinicians (at times, business developers,
psychologist and anthropologists) to work with people with disabilities.

e  Participation of people with disabilities and their families in the design process empowers them
to overcome their difficulties rather than accepting them, inculcating a spirit to change for the
better.

e AT innovation and provisioning practically benefits the disabled community while providing
important learning opportunities for design, engineering, research, physiotherapy and
management education.

e  The fabricated product quality must meet standards and a system of follow-up is necessary for
prolonged learning and design improvements.

We envision that over the years and batches of students, this act of ‘Compassionate Creation’ can

become a movement that is able to systematically knit the patched ecosystem for AT needs, while

contributing to the global understanding of design for disability.
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