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PRAGMATIC 
ENGINEERING
The charity Motivation was established in 1991 following a 
competition held by the Royal College of Art in London. In the 
21 years since its formation, it has designed and supplied 
thousands of wheelchairs to disabled people in developing 
countries. Ingenia talked to one of the co-founders, David 
Constantine MBE, to see how engineering has been used to 
enhance people’s confidence and make their world more accessible.

A Motivation Rough Terrain wheelchair is assembled by Oscar, a wheelchair technician in Gulu, Uganda © D Constantine

It is estimated that up to 
105 million people worldwide 
need a wheelchair. By using a 
pragmatic approach to design 
and engineering, the UK charity, 
Motivation, produces 16,000 
low-cost wheelchairs every 
year, especially tailored to 
suit the harsh terrain of life in 
developing countries. 

The charity produces 
wheelchairs that enable 
cheap and easy maintenance 
and ensures that they are 
appropriate for the needs of the 
user. The funding to support 
their work often comes from 
international donors who will 
make a grant to Motivation 
to support programmes that 
deliver not only the wheelchairs 
but also set up supportive 
services and training.

Since its foundation in 
1991, Motivation has provided 
assistance to 136,000 people in 
90 countries around the world. 

The charity employs a staff 
of 50, half in the UK and the 
rest in offices across Africa and 
Asia. Motivation products were 
awarded Millennium Product 
status by the Design Council, 
and the Worldaware business 
award for innovation in 2001. 
Co-founder David Constantine 
has received numerous awards 
and plaudits, including an MBE, 
and the Royal Society of Arts 
(RSA) Gold Medal for services 
to design.

The charity originated in a 
competition held at the Royal 
College of Art (RCA) in 1989.

BAD BREAK
Back in 1982, David Constantine, 
then 21, was studying 
agriculture when he broke his 
neck diving into deceptively 
shallow water on Fraser Island 
in Australia. Back in the UK 
many months later, while still 
coming to terms with life as a 

tetraplegic (Constantine has no 
use of his legs and no grip in his 
hands) he swapped his farming 
ambitions for a career in IT with 
IBM. It was there that he met a 
group of industrial designers, 
a meeting that inspired him to 
return to education and pursue 
a creative career. 

Constantine left IBM to take 
up a place on a master’s course 
in product design at the RCA. 
It was on this course that he 
and fellow student Simon Gue 
were tasked with designing 
a wheelchair suitable for use 
in developing countries. They 
created a prototype robust 
enough to cope with potholes 
and uneven ground that could 
be made from affordable, locally 
available materials. Their design 
was the best submitted and won 
them the Frye Memorial Prize.

The pair teamed up with 
their friend Richard Frost and 
used the prize money to travel 

Motivation’s founders at the beginning of their journey photographed just 
before they created the charity in 1991. From left to right: Richard Frost, 
David Constantine and Simon Gue

MOTIVATION TIMELINE  HIGHLIGHTS 
1991 Motivation’s founders go to Bangladesh to build their first 
purpose-built wheelchair with the Centre for the Rehabilitation 
of the Paralysed. The four-wheel chair works for the surroundings 
there and is produced for people with spinal cord injuries.
1992-3 Sets up low-cost wheelchair production in Poland 
and Romania.
1993 Invited to Cambodia to design wheelchair for double 
above-the-knee amputees, they create the three-wheel 
mahogany chair, the Mekong.
1994-5 Establishes a support centre for families of children with 
cerebral palsy and designs supportive seating units for people in 
Russia and Lithuania.
1994-8 Designs simple-to-make chairs and creates distribution 
networks in Indonesia, Malaysia, Nicaragua, El Salvador and 
Afghanistan.
1997 to present Initiates a range of projects in Sri Lanka, 
including helping to set up a Spinal Injuries Association and 
developing a network of wheelchair services.
2000 to present Motivation Direct formed, establishing a global 
programme to supply large numbers of appropriate wheelchairs 
through a network of wheelchair services in developing world. 
2004 to present Introduces new three-wheel chair which is 
trialled in South Africa and Kenya, along with training modules 
for setting up wheelchair services.
2005 to present Initiates development of low-cost sports 
wheelchairs for tennis, basketball and racing.
2006 Initiates five-year process through which the World Health 
Organization’s ground-breaking Guidelines on the provision of 
manual wheelchairs in less-resourced settings are published.
2008 to present Creates the Internally Displaced Disabled 
People programme and Inclusion through Disability Sport 
initiative in Uganda.
Current Working globally: over 40,000 Motivation wheelchairs 
have gone worldwide since the flat-pack launch in 2005.
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to the Indian subcontinent to 
see how well their wheelchair 
would work in situ. In 
Bangladesh they visited the 
Centre for the Rehabilitation 
of the Paralysed in Dhaka, 
where they found a workshop 
producing a locally made copy 
of an orthopaedic Everest & 
Jennings wheelchair originally 
designed in the 1930s. This 
wheelchair was still ubiquitous, 

Twenty-one years since it was formed, Motivation has 
come of age and is internationally recognised as a leader 
in designing, producing and distributing high-quality, 
low-cost wheelchairs for developing countries.

heavy. The rest of the chair 
was made of heavy gauge 
water-pipe steel, with 28-inch 
rickshaw wheels. 

As well as being heavy, 
very hard to use and difficult 
to get in and out of, these 
locally-made wheelchairs were 
ugly. The Everest & Jennings 
had been a revolution in 
wheelchair design when it 
was first launched, but designs 
had moved on, to slimline 
wheelchairs where the user 
is more visible than the 
wheelchair. This distinction is 
important in a place where 
disability is not really accepted 
or understood – in the streets 
of Dhaka, crowds of people 
would frequently gather around 
disabled people and stare. 

The three co-founders built 
a version of their wheelchair 
design in the Centre for the 
Rehabilitation of the Paralysed 
workshop using local tools and 
materials. It was well received 
and the organisation asked 
the team to help them start 
producing the wheelchairs on 
a larger scale. Recognising that 
people with disabilities were 
the poorest of the poor and 
that providing them with an 

seen everywhere from hospitals 
to supermarkets and airports. 

The chrome folding 
wheelchair was all too familiar 
to Constantine as it was the 
first wheelchair he had used 
following his accident. The 
Bangladesh version of the 
wheelchair had castor barrels 
for the front wheels made 
from the headstock of a bike, 
about six inches long, and very 

appropriate wheelchair was the 
fastest route out of poverty, the 
team needed little convincing.

TAILORING CHAIRS
On completion of the RCA 
master’s course, the three 
travellers founded Motivation 
and raised funds to return 
to Bangladesh and set up 
production. Once on the 
ground, the team looked at 
the local context in more detail 
and visited the local markets to 
find what other materials were 
available rather than just using 
what was in the workshop. They 
also helped the workshop to 
move from making one chair 
at a time to making them in 
batches, streamlining production 
as well as the design. 

The design was also revised 
to encourage better posture 
in the user. Where wheelchair 
users had got used to slouching 
and leaning on the large square 
armrests of the Everest & 
Jennings copies, the Motivation 
armrest was streamlined to 
follow the curve of the back 
wheel, deliberately incorporating 
a fall away at the back of the 
rest to encourage good posture. 

Created by Motivation in Cambodia the ‘Mekong’ was part built with 
mahogany and was a finalist in the BBC Design Awards in 1996

In southern India, Lekshmi’s Rough Terrain wheelchair enables her to play an active and visible part in village life © D Constantine

If the user sat up straight, they 
could lean their elbow on it, 
whereas if they leant forward, 
their arm would slide off. 

The biggest engineering 
challenge was to think through 
a future for the wheelchair with 
potentially little maintenance, 
and how to repair and replace 
parts locally. This approach 
was key to the development 
of Motivation workshops as 
they spread across the world. 
The designs all used the most 
common bearing size, the most 
common tube size, and had to 
be made to withstand abuse 
of the product and all sorts of 
terrain. They would get rained 
on, covered in mud, and may 
not be cleaned or maintained. 

An example of this 
pragmatism was displayed when 
the charity set up a project in 
Cambodia, a country ravaged 
by the Khmer Rouge. There was 
no infrastructure, no industry, 
and barely any steel around. 
Motivation bought all the steel 
they could to use for push-rims 
and axle tubes and looked for 
other materials. Mahogany was 
then a very cheap and strong 
material, so they came up 
with a design that combined 

mahogany with steel joints. It 
could be flat packed, and the 
mahogany could be cut easily. 
It was locally available, people 
were used to working with it, 
and it was easy to maintain. Even 
scratches could be covered with 
a bit of beeswax.

When the wooden chairs 
did come back for repairs it 
would be because the metal 
parts had become corroded 
and were falling apart, while 
the mahogany was fine. For 
years, this worked but, over 
the years, mahogany became 
much more expensive and 
Cambodian workshops are now 
planning to produce a steel 
framed wheelchair.

FIRST DECADE
For the next 10 years, Motivation 
continued to set up projects that 
made everything locally. During 
that time, they saw changes in 
the availability of components 
and the emergence of MIG 
welding as a widely available 
technology – replacing 
brass-brazing and some highly 
dangerous arc welding.

After this first decade, the 
founders of Motivation looked 

back and asked themselves: 
“What have we achieved, what 
can we do better?” The 22 
different projects they had set 
up had produced around 18,000 
wheelchairs. 

They studied the approach 
taken by other organisations. In 
the US, charities would purchase 
‘off-the-peg’ wheelchairs from 
a factory, usually in China, and 
hand them out en masse in 

developing countries. Others 
would collect old wheelchairs 
and distribute them. These 
methods would distribute 
high numbers of wheelchairs 
but offered no follow-up or 
repair facilities. Often the 
parts weren’t compatible with 
any product in that country. 
For example, 24” wheelchair 
tyres are not available in 
many countries.

The first Motivation chair to go into production in Bangladesh
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EVOLUTION OF THE CASTOR 
Producing a castor wheel 
proved to be one of the biggest 
challenges for the Motivation 
wheelchair team. Whereas 
bicycle/rickshaw wheels and 
tyres are widely available in 
many countries in standard sizes, 
the same is not true for castor 
wheels. The charity’s wheelchairs 
have slightly different sizes 
for their front castor wheels, 
depending on the materials and 
manufacturing techniques that 
are available.

In Afghanistan, the charity was able to source a tyre locally, 
but to use the bearing size that they wanted, they had to make a 
split hub comprising two metal discs that are bolted together. In 
Bangladesh, they found an aluminium foundry that cast in sand 
on the floor. The workers sourced the aluminium by melting down 
anything they could get their hands on, even cola cans. Motivation 
designed a mould for a two-piece castor wheel that bolted together, 
and had a rubber outer moulded locally.

When Motivation set up in Sri Lanka, it took the process a step 
further, designing a complete rubber wheel with a v-shaped profile 
so that when on the road or a hard surface, it has a reduced rolling 
resistance. The castor also has the advantage of rolling without 
sticking on soft ground like grass, sand or mud. In cross-section the 
design uses only straight lines. This makes it easier to produce a 
mould on a lathe. The bearings are standardised and can be found in 
most countries. 

Early prototypes of the 
rubber wheel were made of a 
single compound, but they had a 
tendency to roll off the bearings 
because the rubber was too soft, 
so Motivation came up with a 
design that incorporated harder 
rubber in the centre while still 
retaining a softer rubber layer 
on the outside. Vulcanising the 
two densities at once is a tricky 
process but well within the 
capabilities of an experienced 
rubber manufacturer. The 
charity went on to discover 
that rubber production was 
a low-tech industry that was 
widely available across Asia and 
East Africa.

Now that Motivation has 
moved into volume manufacture 
in China, the charity has stuck 
with the solid rubber castor, 
which is very effective on rough 
terrain, but a long-term plan 
is to move back to the original 
two-piece hub design, this 
time exploiting access to glass 
reinforced plastics in a bid to 
reduce the weight of the wheel.

Cross section of castor showing 
different densities of rubber

allow for the extremes of the 
environment on the ground. 
Using computer modelling 
software allows them to get 
to prototype quicker, but with 
so many other factors in play, 
including the quality of the 
materials and discrepancies in 
welding, they still need to build 
a prototype and hammer it to 
bits to see if it will cope.

The very first wheelchair 
produced in Bangladesh 
had been designed for use 
in a rehabilitation centre or 
around urban areas. Over the 
following years, the Motivation 
team noticed a pattern. All 
the projects after the wooden 
wheelchair in Cambodia 
involved producing a three-
wheeler for rural areas. After 
Cambodia, the next project 
to focus on people living in 
very rough environments was 
Afghanistan, where in 1996, 
they converted the three-wheel 
concept into steel. This gave 
Motivation the template, which 
they took to Sri Lanka and 
then to Tanzania, repeating this 

production, using a catalogue 
approach to provide items like 
wheels and pressure-relieving 
cushions for use with locally 
manufactured wheelchairs. 
Similarly, the organisation 
encourages partners to source 
wheelchairs through both the 
workshop and the flat-pack 
model, enabling them to 

sustain the benefits of both 
systems while maximising 
the quantities of wheelchairs 
available to users.

SPORTS 
WHEELCHAIRS
Motivation’s reputation 
led to an approach by the 

three-wheeler again and again. 
This design became the rough 
terrain model that they still 
produce today.

As well as supplying the 
flat-pack wheelchairs for 
assembly, Motivation is keen 
to enable existing projects to 
access the price advantage 
created through volume 

THINGS THAT 
DIDN’T WORK 
Some potential solutions to 
the problems of designing 
a suitable wheelchair seem 
obvious, but have turned out 
to be unsuitable, reinforcing 
the need for a pragmatic 
approach to engineering. Solid 
tyres for the rear wheels are 
a good example. Motivation 
trialled different types of solid 
tyres in Rwanda and Angola. In 
one case they were given to a 
wheelchair-using member of 
a local council rubbish picking 
team. After three months, the 
solid tyres were shredded, the 
effect of the rough roads, wild 
dogs biting the tyres and the 
heat and humidity. Solids just 
didn’t last as long as good 
quality pneumatic tyres.

Motivation decided to combine 
the two approaches. Their 
partners on the ground were 
reporting that the hardest part 
of successful supply was the 
workshop; managing the staff, 
keeping the orders coming 
in – with some having to turn 
to manufacturing ladders or 
wheelbarrows to keep the 
workshop open. A worse 
problem in the long term was 
that quality of manufacture 
could slip, leading to workshops 
producing bad wheelchairs that 
could affect the quality of life for 
the user.

After 10 years of building 
wheelchairs locally, Motivation 
decided to use their extensive 
knowledge to design a 
flat-packable wheelchair that 
could be produced in China, 
allowing them to produce 
higher volumes and giving the 
organisation more control of 
the quality.

They would continue 
to work with local partner 
organisations on the ground, 
only now they would teach 

them how to assemble the 
imported wheelchairs and how 
to set them up appropriately 
for individual users. This took 
a lot of pressure off local 
organisations to constantly 
produce wheelchairs.

FINE TUNING
The wheelchair designs have 
also been refined to best 
exploit the advantages of mass 
manufacture. People on the 
ground continue to feed their 
problems, needs and ideas 
back to Motivation in the UK, 
where decisions are made 
on any changes. Constantine 
acknowledges that designers 
and engineers will continue 
refining until someone draws a 
line and signals when to stop 
tinkering and start producing. 
This is often leads to difficult 
decision having to be made, and 
one where funding constraints 
help to keep focus. 

Motivation uses digital 
modelling, but they have to 
over-engineer products to 
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An exploded view of the Rough Terrain wheelchair 

With his Motivation wheelchair, Muniraj can join the commute to work near Bangalore in India  © D Constantine
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BIOGRAPHY 
David Constantine is 
co-founder and executive 
offi  cer of Motivation, an 
international disability 
charity. An accomplished 
photographer, David serves 
as a trustee for the Design 
Museum and in 2010 was 
awarded an MBE for services 
to the disabled.The Flying Start, designed in partnership with the International Paralympic 

Committee’s Agitos Foundation and launched at the 2012 Paralympic Games
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International Paralympic 
Committee (IPC), who were 
looking for an affordable sports 
wheelchair to support sports 
programmes in the developing 
world. Working with the IPC, 
International Wheelchair 
Basketball Federation and the 

International Tennis Federation, 
the charity designed chairs 
for wheelchair basketball, tennis 
and racing. 

What began as a range 
of chairs for the developing 
world was soon the subject of 
enquiries from charities and 

sports clubs in the UK, Europe, 
Canada and Australia. Even 
performance track athletes 
sought out the Motivation 
‘Flying Start’ athletics chair, when 
they realised they could get a 
training chair for the cost of the 
wheels on their competition 
model. Soon, the organisation 
was shipping containers of 
sports chairs to an enthusiastic 
worldwide customer base. 

At the opening ceremony 
for the Paralympics, charity 
members watched the athletes’ 
parade, spotting half a dozen 
people in everyday Motivation 
wheelchairs that had made 
it to the Games, including an 
athlete from Haiti, one from 
Iraq and another from the 
Solomon Islands.

LOOKING FORWARD
Twenty-one years since it was 
formed, Motivation has come 
of age and is internationally 
recognised as a leader in 
designing, producing and 
distributing high-quality, 
low-cost wheelchairs for 

developing countries.
Its co-founder, David 
Constantine, said: “People 
with disabilities in developing 
countries are often viewed as 
objects of charity. With their 
family and friends frequently 
making decisions for them, 
it’s not surprising that many 
disabled people have low self-
esteem and lack confidence 
in their ability to live happy, 
healthy lives.

“Led by wheelchair users 
for wheelchair users, our peer 
group training transforms 
the way disabled people feel 
about themselves and their 
futures. Participants learn 
wheelchair skills, get active 
through wheelchair sports, 
find out how to prevent health 
problems like pressure sores, 
talk about sex and relationships 
and discuss their rights. We 
design wheelchairs but we 
also focus on the user to help 
people regain confidence and 
self-esteem, enabling them 
to become useful members 
of society.”

Read more at 
www.motivation.org.uk

David Constantine MBE and 
Chris Rushman, design engineer 
at Motivation, spoke to Tim 
Rushby-Smith        

With angled wheels for increased manoeuvrability and an anti-tip back wheel, Motivation’s sports chairs were used in 
Afghanistan’s first national wheelchair basketball tournament © D Constantine

From radar to the Typhoon, we have an 
unprecedented history in innovation 
firsts. However, we don’t rest on our 
laurels. In the last few years we’re proud 
to have launched the Type 45 destroyer 
and Astute submarine. And we are 
continually developing new technologies 
– like cyber security – because it’s only 
by moving forward that Britain will remain 
a global leader.




