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Abstract

In recent years the accessibility of London buses has improved with the introduction of ramps and wheelchair priority
areas. These advances are meant to remove physical barriers to entering the bus, but new conflicts have arisen particu-
larly over the physical space aboard. We aimed to research the barriers faced by wheelchair users in public transport
using a mixed methods approach to establish the breadth of issues faced by wheelchair users. To this end we quantified
the push-force used alight a bus and a study to understand the coping mechanisms used by people to propel up a ramp.
This quantitative approach found push forces which resulted in a load of 2 to 3 times body weight being transferred
through people’s shoulders, forces which can be directly linked to shoulder injury. This could disable the user further,
preventing them from being able to push their wheelchair. Alongside the quantitative study, we conducted qualitative
research comprising of a number of in-depth interviews with wheelchair users about the barriers they face in public
transport. Our main claim, highlighted through this interdisciplinary collaboration, is that proposed ‘solutions’ to acces-
sibility, such as ramps, often generate problems of their own. These barriers can affect the life of wheelchair users, im-
pacting on their confidence and causing social isolation. These can be long-term in nature or immediate.
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1. Introduction With three adjectives, Peter painted a less than ideal im-
age of London’s public transport from his perspective. A

“If | were to ask you to describe transport accessi- 25-year-old lawyer who works and lives in Central Lon-
bility for wheelchair users in London as it is today don, he carefully chose where to live in the European
with three words, what are the three words you capital to ensure an easier commute, requiring only a
would choose?” short underground journey on the famous Tube net-
“Well-intentioned. Inadequate. Uninspiring.” (Peter) work. His is one of several stories and ways of talking

about transport and its impact on people’s lives, particu-
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larly the influence that transport (in)accessibility might
have on wheelchair users’ social inclusion. In this article,
we want to consider transport and inclusion with wheel-
chair users’ accessibility to the network as the primary
focus by using two, quite different, disciplinary ap-
proaches—sociology and engineering. The aim is to
highlight how both approaches demonstrate, in different
ways, how solutions proposed to improve accessibility
may also generate future problems for wheelchair users.

In 2005, the main transport authority in London,
Transport for London, introduced low-floor buses with
boarding ramps for wheelchair users. These buses
would eliminate some obvious physical obstacles
(compared to the previous model of buses, the Route-
master, which had a step) and permit wheelchair users
to board and alight buses, ensuring their inclusion to
one mode of the public transport network. However,
as we will discuss below, this implementation was not
the end of accessibility problems as wheelchair users
can also face other issues. Indeed, with wheelchair us-
ers being able to physically use the bus, other conflicts
began to appear generated by these improvements.

This research was initially developed as a pilot study
in 2013 as a collaboration between the UCL depart-
ments of Civil, Environmental and Geomatic Engineering
and of Science and Technology Studies. The intention
was to think about accessibility from both perspectives,
quantitative and qualitative, with the aim of seeing
whether these two ostensibly incommensurable disci-
plines could inform each other and provide new insights
into transport accessibility for wheelchair users. The aim
of this article is to explore the initial results of this inter-
disciplinary collaboration. To begin, we will briefly de-
scribe the policies and regulations which frame transport
accessibility in the UK and, more specifically, London.
We will then address the question of accessibility with a
mixed methods approach, developed below in two sepa-
rate sections: the first offers a quantitative analysis from
an engineering and biomechanics perspective. The sec-
ond section takes on a qualitative approach, based on
the field of Science and Technology Studies. In the last
section we ask what new insights were acquired through
the collaboration of engineers and social scientists, and
discuss the rigidity of the transport system in London as
it affects wheelchair passengers.

2. Background

Public transport is incredibly important to disabled peo-
ple in Great Britain. In a recent report analysing second-
ary data by Jolly, Priestley and Matthews (2006) it was
found disabled people attach a greater importance to
and almost half are totally reliant on public transport for
each journey they take. The main reason for public
transport reliance is a lack of access to a car. However,
disabled people travel a third less than the general pub-
lic (Miller, Gillinson, & Huber, 2006). When public

transport is not accessible then mobility can not happen,
which in turn can isolate people from the economic, po-
litical and social life of the community (Kenyon, Lyons, &
Rafferty, 2002). There are 1.2 million wheelchair users in
England (National Health Services Modernisation Agen-
cy, 2004). Wheelchair users have specific access needs
as most find gaps and steps difficult to overcome, there-
fore a ramp is needed to overcome the naturally occur-
ring gap between the footway and the bus. Specific to
London, guidelines have been developed for accessible
bus stop design, and accessible buses (Mayor of London,
2006). A key guideline in this document is the need for a
wheelchair accessible space and an interface between
the bus and footway which results in a ramp gradient of
less that 12% (7 degrees). It is believed this gradient is a
compromise between reducing the necessary push force
needed to ascend or descend the ramp, and the re-
quirements of the built environment.

Accessibility is a term which means different things
to different audiences, generally due to the scale over
which it is being measured. At a micro-level accessibility
can be measured using the Capability Model (CM),
which focuses on measuring the Provided Capabilities of
the person when undertaking a task and comparing
these to the Required Capabilities of the task (Holloway
& Tyler, 2013). In this respect the CM looks to under-
stand accessibility by understanding the interactions be-
tween the person and the environment. Holloway and
Tyler explore the CM with regards to attendant wheel-
chair propulsion noting that when an assistive technolo-
gy such as a wheelchair is used by someone this then
enhances their provided capability set (for most tasks).
In a similar manner the bus ramp can be assumed to re-
duce the required capabilities thereby increasing acces-
sibility. The CM looks to address how people accomplish
these tasks, these ‘coping strategies’ can range from
simply avoiding an activity or adapting the movement
required to complete the task. The engineering compo-
nent in our research uses the Capability Model as its
framework to discuss the difficulties wheelchair users
have while boarding and alighting a bus. It uses peak and
average tangential force when pushing up a standard
bus ramp to quantify the provided capability. A model of
how a person pushes is developed and the forces occur-
ring at the shoulder are used as a secondary measure of
provided capability, while the muscle activity patterns of
pushing are used to describe the coping strategies.

On the other hand, accessibility can also be under-
stood from a qualitative perspective as a potential fac-
tor for inclusion. Here, we need to listen to people’s
own experiences of the public transport system to
grasp the barriers they face. In our research, the social
sciences approach based its framework on the field of
Science and Technology Studies, which has built up a
substantial body of literature that analyses scientific
processes and technological innovation not as ‘things in
themselves’ but as institutions comprised of both things
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and people. As such, any new or changing technology
must be considered alongside the variety of users, pro-
ducers, maintainers, regulators and other groups which
come into being or change with the technology itself
(Bijker, 1997; MacKenzie & Wajcman, 1985).

The public transport system lends itself aptly to an
STS analysis, particularly given the work of Actor-
Network Theory (ANT) scholars, some of whom have
already worked on transport networks (Galis & Lee,
2014; Latour, 1996). In ANT, a system such as the
transport network is perceived as being composed of
more than just ‘things’. It has its buses, trains, tracks,
gears, engines, roads, but it also embraces a much
wider variety of actors, from the drivers and staff to
the passengers, but also includes diverse groups such
as regulators, engineers, mechanics, and others. More-
over, the size of London’s public transport system, the
placement of its stations, bus stops, the employment
of thousands of staff members and the way it transfers
millions of passengers, we can see it as a large soci-
otechnical system with the ultimate goal of carrying its
users across the city (Hughes, 1987). A key advantage
of viewing the transport system in this way is that it
foregrounds the fact that different actors will view the
system differently, for instance, a ‘perfectly reasonable
regulatory standard’ from the perspective of managers
may be a ‘pointless impediment’ from the perspective
of wheelchair users. Moreover, some of these perspec-
tives may be particularly prominent and visible, whilst
others are rendered invisible and marginal (Star, 1991).

STS has also developed some literature which
works with disability and disabled people (Blume,
2009; Blume & Hiddinga, 2010; Winance, 2006), but
much of this work is concerned primarily with the de-
velopment of prostheses and how it interacts with the
disabled person (and vice-versa) or with definitions of
(dis)ability. Our work, however, will be primarily di-
rected towards thinking about the shaping of the pub-
lic transport network in London, an example of a soci-
otechnical system, in which a constellation of human
and non-human actors come together to permit pas-
sengers to reach their destinations. Additionally, un-
derlying this system there is a history of choices that
have been made pertaining to its design and elabora-
tion—choices that impact the users in a variety of
ways, both overtly and covertly (Winner, 1980, Wool-
gar 1991). This observation highlights that the system
could be different. Different choices could (and can) be
made (Bowker & Star, 2000; Lampland & Star, 2009;
Star, 1991). Our interviews with wheelchair users
sought to re-insert their voices and experiences as ac-
tive participants within this socio-technical system.

3. Methods

During the pilot study, we recruited a number of
wheelchair user volunteers to come to the Pedestrian

Accessibility Movement Environment Laboratory
(PAMELA) where they would engage in two activities.
The first consisted of asking participants to board and
alight a bus with the gradient set to 7 degrees. The ex-
periments were recorded using the CCTV cameras on-
board the bus and these were analysed to determine
the components of the task which caused difficulty. In
particular, time to complete tasks, number of pushes
and number of attempts were recorded. Having partic-
ipated in the engineering component of our research,
the participants were invited back into the reception of
the PAMELA facility. They were then engaged in in-
depth, semi-structured interviews covering themes
around their experience of the London public transport
system. These interviews were recorded, transcribed,
and then coded using data analysis software according
to recurring themes using standard qualitative meth-
ods (Silverman 2006; Weber, 1990). Interviewees’
names have been anonymised, using pseudonyms of
their choice. Unlike quantitative survey techniques,
gualitative research does not seek a statistically repre-
sentative sample but instead seeks to explore, in
depth, people’s experiences and the meanings they at-
tach to those experiences (Berg, 2001; Seale, 2004).

As our sample sizes for the pilot study were initially
small (four participants), the data we are using here
has been supplemented for both branches. For the en-
gineering component, we ran an additional study in the
PAMELA facility with seven male participants with a
history of spinal cord injury. We had initially aimed to
have an equal gender split but we struggled to recruit
people for the study and failed to recruit any females
unfortunately. Each participant used a manual wheel-
chair as their primary form of mobility. Participants
were asked to propel a manual wheelchair on a stretch
of level paving, up a 6.5% incline and up a 12% incline.
On the qualitative side, a series of 18 semi-structured
interviews with wheelchair users in London were un-
dertaken in the summer of 2015. This additional data
brings the total number of interviews with wheelchair
users in this paper to 22, covering a wide variety of im-
pairments, age, gender, and employment status.

4. The Engineering/Biomechanics Approach
4.1. Pilot Study

As the numbers were so few in the pilot study, the aim
was to understand how people completed the task as
opposed to quantifying exactly how difficult it was. The
follow-on study which just took a single component of
the task—the ramp push—was then conducted to un-
derstand exactly how hard the task is. In this instance,
wheelchair users were asked to board and alight a bus
three times, each time in a way which was easiest for
them. For all participants, video was recorded using the
standard CCTV cameras on-board a bus (see Figure 1).
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The video data was analysed using video observation
software and the GPS clock displayed on the top left
corner of each recording. A proxy for provided capabil-
ity of task time was used to understand how difficult
the task of boarding and alighting was for the wheel-
chair user. Task time was calculated for each trial from
this analysis and a description of how each person
boards and alights a bus was developed. In addition the
coping mechanisms used by people were observed.

There was no difference in alighting time with each
person consistently exiting the bus in 4 seconds. How-
ever, differences in technique and ability meant that
there was a clear difference in boarding time, which is
shown in Figure 2. In particular participant MM needed
to use the handrails to pull herself onto the bus and CH
failed on two attempts to board the bus on the first
time on two of the runs. With regards to coping strate-
gies people adapted their pushing style in different
manners. For example in Figure 1 it can be clearly seen
that CH leant forward to maximize the pushing time.
However, others used the yellow grab handles or
shorter faster pushes to complete the task.

It was apparent by these coping strategies that
people were struggling to manage the task. It was de-
cided, following this pilot, to complete a more con-
trolled assessment to compare the amount of force
used (provided) to board a bus (a short, steep ramp)
with a longer, less steep ramp and also flat footway
pushing to understand the potential accessibility barri-

2613/07/17 15:05:

er posed by a bus ramp. This was conducted in the de-
tailed biomechanical study.

4.2. Detailed Biomechanical Study

The detailed biomechanical study is fully described in
Holloway et al. (2015). However, the methods are
summarised here to aid the reader. Seven male partic-
ipants with a history of a Spinal Cord Injury attended
PAMELA facility. Each participant used a manual
wheelchair as their primary form of mobility. Partici-
pants were asked to propel a manual wheelchair on a
stretch of level paving, up a 6.5% incline and up a 12%
incline, which was chosen to replicate the incline found
on a London Bus access ramp. During the propulsion
tasks, forces applied to the wheelchair push rim to es-
timate the provided capabilities of the user. In addition
upper limb joint movement and shoulder joint muscle
activity were recorded and used as inputs to a comput-
er model of the upper limb, to estimate forces experi-
enced at the shoulder joint. Shoulder joint forces have
been shown to be correlated to shoulder pain and inju-
ry, therefore we think it is essential to understand the
forces produced in undertaking the accessibility tasks
both in terms of quantifying provided capabilities and
also understanding the effect of coping strategies. It
should be noted that all participants were free of
shoulder pain at the time of this study and had not had
a recent shoulder injury or pain.
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Figure 1. Showing a screen grab of each of the video pIaybak angles used for task time analysis.
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Figure 2. Boarding time (averaged over 3 runs) for each person.
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4.2.1. Results of Detailed Biomechanical Study

Provided Capabilities: The total propulsion forces ap-
plied to the wheelchair push rim were significantly af-
fected by the tasks. Climbing the 6.5% incline people
used significantly greater force than level propulsion
(106.90N vs. 50.36N), and climbing the 12% incline
people used a significantly greater force than climbing
the 6.5% incline (139.63N vs. 106.90N). These forces
translated into significant increases in shoulder joint
forces experienced during the incline propulsion tasks.
During level propulsion, peak shoulder joint forces
were under one body weight. During the 6.5% incline,
peak shoulder forces were over two times body weight
and during the 12% incline task, peak shoulder forces
were over three times body weight.

Coping strategies: How each individual managed to
generate the push force varied and this is reflected in
the different muscle activity. Generally there were signif-
icant increases in peak muscle activity levels during the
incline tasks compared to level propulsion. During level
propulsion, peak muscle activity levels around the
shoulder joint were on average 26% of maximum. When
climbing the 6.5% incline, peak muscle activity levels
were on average 63% of maximum and when climbing
the 12% incline, peak muscle activity levels were on av-
erage 77% of maximum. Interestingly it would appear
that when going up a 6.5% slope the deltoid, which is
the very large muscle at the top of arm reaches a maxi-
mum, and as the person attempts to go up a 12% slope
they are forced to increase the amount of muscle activi-
ty in smaller muscles such as the infraspinatus.

5. The Social Science Approach
5.1. Findings

During the interviews, we spoke to wheelchair users
about the barriers that they face and the impact that
this has on their daily life. Through the 21 conversa-
tions, we attempted to understand the origins of prob-
lems these users might face and whether we could at-
tempt a classification of these barriers. Through coding
the interviews, we generated three heuristic categories
of problems narrated by the interviewees as distinct
moments and barriers: spatial, technical, and social.
Here, we would like to reinforce that these classifica-
tions are actor’s categories. For example, while ac-
counting their experiences, our interviewees would
narrate the barriers as distinct moments, e.g. “One
day, | had a problem because of the ramp. Another
day, | had a problem because of the lack of space."

5.1.1. Technological Barriers

“I've been to so many bus depots because the
ramps were broken and | can’t get off. You end up

going to a depot.” (Adam)

“I accept that it’s improved and improvements that
have been made have been amazing in some re-
spects, but on the other hand, it’s still as if.... It's
still as stressful if not more stressful because the
wonder of technology is the wonder that it ever
works.” (Michael)

In order for the space on the bus to even become an is-
sue as a passenger, a wheelchair user must first be able
to board it at all. Transport for London prides itself in
its fleet of low-floor buses, all of which have mechani-
cal ramps to be deployed for a wheelchair user to be
able to board and alight. This change in the rolling
stock of London buses in 2005 was a true turning point
for accessibility throughout the city. It is, of course, de-
pendent on this technological artefact functioning as
intended: a broken ramp, which might break either be-
fore or after the wheelchair has boarded the bus, can
mean a passenger having to wait hours or take a long
detour. What emerged in our interviews is a sense of
the wide variety of ways things could go wrong on bus-
es and throughout the transport system.

Wheelchair users are dependent on boarding ramps
when it comes to the London Overground and Under-
ground train stations that are accessible from street-
level to the platforms. Here, however, it is not just an
issue of the ramp working. These are low-tech versions
of the fitted, mechanical ramps on buses and are de-
pendent on others deploying them correctly:

“The chap with the ramps did arrive and he went to
put the ramp for me get off with the doors open.
The driver of the train either hadn’t seen him or
didn’t want to see him because they were running
behind schedule, or whatever, so the doors shut
with the ramps in a half position, me inside, and ac-
tually clunked the chap on the platform so he fell
over.” (Basil)

It becomes particularly interesting to think about the
ramp as a potentially problematic factor in accessibility
for wheelchair users when we think back to the re-
search done by engineers. Despite none of our inter-
viewees having mentioned developing joint pain as a
result of ramp inclination, this is still a problem which
engineers have pointed out. In addition, some wheel-
chair users have mentioned the steepness of ramps as
a problematic factor in accessibility as it makes their
boarding of the bus more difficult, and their alighting
more dangerous.

There is a variety of technological ‘bits and bobs’
which also frustrate and hinder wheelchair users be-
yond the practicality of the ramps, both manual and
electric. For instance, inside the buses, a special button
by the wheelchair priority area is supposed to be used
to alert the driver that they would like to get off at the
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next stop. This allows the drivers to get ready to deploy
the ramp, and makes a sharp siren noise to get their at-
tention. The siren noise is also activated continuously
while the ramps are being put out and coming back in,
perhaps to alert other passengers and passers-by on
the street of what is happening. Interviewees such as
Alex and Sophie have expressed some discomfort at
this because it calls attention to them, and even ex-
pressed the experience as akin to public humiliation:

“[Imitates alarm noise] And everyone looks, every-
one stares, and I'm like, yeah, I'm just getting on
the bus.” (Alex)

“So | don’t like the fact that there’s the siren that
starts wailing at you, or at everybody, when you’re
about to get on or about to get off the bus. It's all a
bit of a big faff, but you get used to it. | mean, pub-
lic humiliation seems to be...you’ve got to be able
to deal with it if you're disabled anyway, because
people will look at you, people will...etc.” (Sophie)

Despite such barriers not affecting the physical acts of
boarding and disembarking, they impact on wheelchair
users’ wellbeing, their impressions of the public
transport system and, in the above quote, compound
Sophie’s existing sense of being stigmatised. These
negative experiences play into their personal percep-
tions but also on their desire to use the network and
overcome potentially being confined to their home and
to engage in activities beyond their local community.

5.1.2. Spatial Barriers

“You’re in a chair and you can’t move and you
can’t get out of the space so they tend to
close up around you.” (C.S.)

“You’ll hear this time and time again, there’s
generally only one wheelchair space, but it’s
also the space that can be used for toddlers,
buggies, suitcases, and things like this.” (Basil)
“And also sometimes you know, they have
rails that are probably in the way of the user
to manoeuvre within the space.” (Um Hayaa)

Space is an inevitable part of the background whenever
people speak in general about transport: moving
around the city; going from Northeast to Southwest; or
the mileage from one stop to another (Vertesi, 2008).
For wheelchair users, another kind of space was pre-
sent in our interviews: personal or manoeuvrable
space. In the above quotes, the ‘space’ referred to is the
‘wheelchair priority area’, a demarcated location on the
bus which is specifically designated for these passengers’
use. It is prescribed as “the only place wheelchair users
can travel safely” (Transport for London, 2014, p. 70)
and these passengers are required to place themselves
facing opposite to the direction of travel.

Despite the title of ‘wheelchair priority space’, in-
terviewees reported that it is often a key source of anx-
iety before travelling. The issues around it are many,
from the size of their own wheelchairs and difficulty
manoeuvring in or out of the space, to the sadness of
not being able to travel with a friend who is also a
wheelchair user, or even the much publicised debate
around buggy and pushchair users or luggage sharing
the space (Bellisario, 2012; Moss, 2013). The direction
of travel can also provide a degree of frustration and
discomfort. In these cases, the users described how
they subvert the wheelchair space by travelling in a
way that suits them best:

“For me, | prefer to go face-in and hold on to the
rails, | find that fine. The reverse side, | sometimes
get that sick feeling.” (M.)

“I suffer sometimes with travel sickness and so |
find it easier sometimes to sit the opposite way to
how you’re supposed to sit in the wheelchair
space.” (Michael)

Despite this subversion of the space, this can also be
the source of anxiety, as both interviewees laughed
nervously and mentioned they probably should not be
saying that. They expressed that some bus drivers un-
derstand, but that it is often a risk in terms of their,
and other passengers’, safety. Interestingly, here we
find another example of a potential solution to wheel-
chair users’ travelling needs which is also proving to be
more complicated than initially intended. Like the
ramp, the wheelchair priority area was meant to facili-
tate accessibility but is also a source of anxiety.

5.1.3. Social barriers

“Obviously, you’ve heard about the problems with
wheelchairs vs. buggies on that space. That’s not
the only problem that you’ll actually find. You'll find
that you’ve got people standing in the space who
don’t necessarily want to move, or you’ve got peo-
ple who've got luggage in the space who don’t want
to move, or you've got older people who've got
their shopping trolley in the space. That’s always
very problematic.” (Marie)

“It is like a battle of wheels, buggy versus wheel-
chair. It should never, never be that way. It should
never be that way.” (Faith)

The category of social barriers—by which we specifical-
ly mean barriers created by other people—was particu-
larly evident when interviewees discussed what has
perhaps been the most prominent debate in the UK
media around transport accessibility, the “wheelchair
vs. buggies” priority debate. In 2012, Doug Paulley
sued FirstGroup in Yorkshire after having been denied
access to a bus because the space was occupied by a
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mother with a pushchair (Press Association, 2014).
Three years and one overruling later, the case has esca-
lated and will be heard by the Supreme Court in the
UK. It was previously established that the wheelchair
area should be used on a first-come, first-served basis
but for the wheelchair users we interviewed this can
sound outrageous when they are only given one space
to ride on the bus.

“A buggy can fold, they have that option.” (M.)
“And when | see things like that, my reaction is, it’s
not about who’s more important, it's about who
has a choice; so | do not have a choice about my
use of the wheelchair whereas a baby can be got
out of its buggy.” (Diana)

After research done in 2012, Transport for London
launched a campaign that November to address the is-
sue, with campaign posters on buses and at bus stops
in bold black and red letters asking, “Buggy users,
please make way for wheelchair users”. Interviewees’
perceptions on the impact of that campaign were
mixed, but conflicts with bus drivers were also men-
tioned as a source of anxiety. In some cases, they re-
ported, drivers are unclear on the rules of whether a
wheelchair user and a buggy are allowed to share the
space, or in some cases drivers simply do not stop the
bus at all for a wheelchair user to board it.

“I've had buses drive past me without even stop-
ping, you know, and I've been sent to the end of
the route occasionally because they’ve forgotten
I’'m actually on the bus.” (Michael)

Yet these conflicts with buggy users and drivers are not
the only social barriers for wheelchair users. A large
number of interviewees expressed concern at social at-
titudes towards disabled people in London. Negative
reactions towards them take a variety of forms such as
awkward “nosy questions”, invading their personal
space by pushing their wheelchair without asking, or
even outright verbal and physical abuse. Participants
described these social issues as a mix of a lack of public
awareness around disability and, according to some in-
terviewees, a media push towards depicting disabled
people as “scroungers”. To some, this stigmatisation is
being done with the government’s support:

“1 think we’ve only got the rights that we fought for
and it takes constant ambition to add onto these
fights because in the interest of saving money our
government has, | believe, quite deliberately and
callously waged a media campaign depicting us as a
drain on the state and an unacceptable one at
that.” (Leda)

Although our focus in this article is on barriers, it is im-

portant to add that these negative views were also
matched by comments from the interviewees that
there was a willingness to help. Moreover, in three in-
terviews the wheelchair users explicitly stated that
they had no issues with buggies at all.

5.1.4. Isolation

These three different sources of barriers to using the
public transport system create a sense of anxiety and
frustration in the wheelchair users we interviewed, but
perhaps more problematic is the social consequence of
this fear. For instance, when asked what happens when
a trip goes wrong and they are faced with a barrier,
Marie described how all you can do is complain to the
transport authority and, in response, receive a generic
email. She explained that this “puts you off” travelling:

“It isolates you even more because your world is
getting smaller, and smaller, and smaller, all the
time....” (Marie)

A functioning, accessible, transport system, particularly
in a city as large and crowded as London, is the differ-
ence between being able to get around, and isolation.
Options to public transport would include taxis or per-
sonal cars, which are described as “luxury” items but
also, in some cases, as the only viable option.

“If I use an adapted vehicle, it's much better, much
easier, than being pressured to wait in the cold at
the bus stop hoping that the first bus will accom-
modate my needs.” (Um Hayaa)

Um Hayaa had to resort to private transport to pick up
her daughter from a variety of after school activities,
otherwise she would have had to take three different
buses, each trip fraught with the anxiety of broken
ramps, impatient drivers, and not enough space. How-
ever, she had to make an investment choice to pur-
chase a vehicle, one which not all wheelchair users are
able to make. Sophie, who also makes use of a private
vehicle, described how aware she is that it is a privilege
not to worry about public transport. Beyond the costs
of a private car, wheelchair users often have to worry
about the costs related to their mobility aid itself. She
explains:

“Disability is a luxury that not many people can af-
ford, and that’s the problem. People don’t realise
how expensive everything gets. Either how isolated
life is if you don’t have the money and/or the
equipment, which, equipment means money. And
that’s why people are so scared of disability.” (So-
phie)

The general narrative around the public transport net-
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work in London for wheelchair users that emerged in
our interviews centres on anxiety, pre-planning, bat-
tles, and effort. The consequence of these impedi-
ments, it is suggested, is greater isolation for these
groups. In the words of one of our interviewees:

“I'm sure you know, getting out and about changes
people’s lives, and it makes things.... Being social
makes you much more alive, much healthier, and
public transport is really good for that if you’ve got
that option[.]” (Alan)

6. Discussion
6.1. Well-Meaning Solutions

When Transport for London writes about accessibility
in its network, many figures are cited, from its bus fleet
being 98% low floor access (the few exceptions being
some older Routemaster models still used on Heritage
routes) to a quarter of the Tube stations and half of the
Overground stations having step-free access. All of
these figures are to be welcomed. The image of this
network is quite positive, and wheelchair users do
seem to benefit extraordinarily. But this should not al-
low us to ignore that the reality of the network does
not always match these numbers, and wheelchair users
still face the variety of barriers described above.

In addition to the barriers wheelchair users them-
selves describe as facing, the engineering section of
our research has found that with each push the make,
they further wear their shoulder and eventually, nearly
all will have upper limb injuries, some so severe they
will be unable to independently push themselves. A
number of factors effect the development of injuries
and the associated pain. These include: the cyclical na-
ture of the wheelchair push cycle (Kotajarvi et al.,
2004; Mercer et al., 2006), the low gross mechanical
efficiency of wheelchair pushing—only 10% of effort
goes directly into making a person move forwards (De
Groot, Veeger, Hollander, & van der Woude, 2002) and
challenging surfaces (Holloway et al., 2012). To give an
indication of the scale of the problem, the incidence of
shoulder pain is reported to range from 42% (Dalyan,
Cardenas, & Gerard, 1999) to 66% (Fullerton, Borck-
ardt, & Alfano, 2003), with the most commonly report-
ed injury damage to the rotator cuff muscles (Akbar et
al., 2010).

It was found that upper limb demand and injury risk
were significantly greater during incline wheelchair
propulsion in comparison to level propulsion, which
means that ramps at a greater incline for boarding and
alighting buses and trains can further add to the risk.
As the gradient of the incline increased, upper limb
demand and injury risk increased. During level propul-
sion, on average, muscles around the shoulder were
working at 27% of their maximum and joint forces

were less than one body weight. During the 12% incline
task, on average, muscles around the shoulder were
working at 77% of their maximum, and joint forces
were above three times body weight. The results
demonstrate that a common daily task such as access-
ing a bus places a high demand on the upper limbs of a
manual wheelchair user. Push force is an important
factor in assessing the accessibility of transport for
wheelchair users as it has been shown to be directly
proportional to forces which occur at the shoulder. The
shoulder is the most commonly injured joint for wheel-
chair users with injury rates ranging from 42% (Dalyan,
Cardenas, & Gerard, 1999) to 66% (Fullerton et al,
2003). Shoulder pain can be so severe that it leaves the
person without an independent form of mobility. It has
been noted previously that the method of assessment
of accessibility can affect the resulting guidance, and
that even when guidance is followed it can be challeng-
ing to wheelchair users (Holloway & Tyler, 2013). Guid-
ance such as Manual for Streets 2 (Department for
Transport, 2007) used by the UK to help produce ac-
cessible pedestrian infrastructure are not always pro-
duced based on empirical evidence, and are often de-
veloped via case studies or rule of thumb practice
which. In a society where sensing technology is becom-
ing ubiquitous, there is an opportunity to both collect
more diverse and also dynamic datasets and to use
these to assess infrastructure policy changes. Projects
such as Wheelmap (www.wheelmap.org) and Accessi-
ble Routes form Crowd-sourced Cloud Services
(www.arccs.org) are beginning to develop web and
mobile tools to enable more dynamic modelling of ac-
cessibility. The challenge will be to understand how
such crowd-sourced data can be used effectively to in-
form and evaluate policy, and indeed to see if it can be
shared across traditional policy sectors e.g. health (re-
habilitation) and transport (accessibility).

This data from the engineering component of our
research is enlightening when paired with the narra-
tives put forward by the wheelchair users themselves.
As pointed out in section 5.2.1., though our interview-
ees did not specifically indicate developing an injury as
a particular hinderance in their use of the public
transport system, ramps did figure prominently as a
potential barrier. Yet it seems ironic that the enabler of
their access to public transport can also be a problem-
atic factor. The same thing can be seen with the other
aspects of ‘accessibility’: the alarms which signal ramp
deployment are seen as unwanted attention, the
wheelchair priority areas become contested spaces
with pushchairs and luggage, etc. What our interdisci-
plinary collaboration has helped highlight is this para-
dox where well-meaning solutions do not simply solve
the problems with accessibility. The engineering ap-
proach has shown this through ramp inclination when
even where guidance is followed, injuries can still oc-
cur, while the sociological perspective has teased this
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out from wheelchair users’ description of the barriers
they face. We would like to make it clear that we are
not criticising the improvements that have been made
as such, but rather that they should be taken as a les-
son where, rather than thinking in terms of solutions as
an end-point we should speak of ongoing conversa-
tions and of adjustments to the network. However, this
becomes difficult if the public transport system is seen
as a stabilised network.

6.2. Standardisation and Rigidity

It would come as no surprise to STS scholars that, de-
spite the heuristic classification of the different barriers
made by our interviewees into social, spatial, and
technical origins, the problem is not always so clear-
cut. Indeed, most STS scholars make the point that
these classifications are rarely, if ever, obvious (Bowker
& Star, 2000). In other words, despite the problem
seeming to be due to a technical issue, it can also be
related to spatial and social dimensions. Broken or
faulty ramps are a good example of this blurring of cat-
egories. This technology was developed with sensors
which withdraw if an obstacle is detected. If the ramp
does not deploy appropriately when an obstacle is de-
tected, is the barrier for the wheelchair user spatial or
technological? The ramp does not work (technical) but
is this because of spatial features such as the presence
of street furniture, or the design of the curbs (either
too low or too high)? Similarly, the debate around the
wheelchair priority area can lend itself to a similar
question: is the problem social (negotiating priority
with other passengers on the bus) or is it spatial (the
space is not big enough)?

The difficulty in drawing these lines is testament to
how tightly knitted these different aspects of the net-
work are, which brings us back to the notion of soci-
otechnical systems referred to in the background sec-
tion above. In a system where there are numerous
types of agents, human and non-human, physical and
non-tangible (such as legislation), intense collaboration
between all of them is imperative to make it a cohesive
whole. Yet this very cohesiveness is dependent on an-
other process, that of standardisation and consolida-
tion. Hughes describes consolidation as the moment in
the life of a sociotechnical system in which there are
few competing systems (Hughes, 1987). Transport in
London has definitely reached such a period in its de-
velopment as it is controlled by a single higher authori-
ty, Transport for London. Historically, much work goes
into reaching this moment of consolidation, mainly by
passing through the development of standards, which
function as a unifying language, to ensure that all dif-
ferent actors and agents of the system are communi-
cating and compatible (Bowker & Star, 2000; Lampland
& Star, 2009; Scott, 1998; Timmermans & Berg, 1997).
Generally, this has been a successful process for most

users of the London transport system, so why are ex-
periences so irregular for wheelchair users?

Given the age of various means of transport in Lon-
don, we can say that the process of standardisation
and stabilisation have been ongoing for at least a cen-
tury. The London Underground celebrated its 150-year
anniversary in 2013. These processes happened
throughout a period where the perception of disability
and impairment were different. Disability Studies
scholars argue that through the Victorian era and up
until the 1960s, there was a medical model of disability
which individualised impairments and placed the bur-
den of care on the disabled person and/or their family.
This model normalised the absence of disabled people
from social settings, giving the idea that it was a per-
son’s impairment which hindered their inclusion into
society. In the 1960s, the social model of disability
made its first appearances with a series of disabled
rights activist groups arguing that disability has its ori-
gins in social notions (Blume & Hiddinga, 2010; Dauvis,
1999; Linton, 1998; Shakespeare, 2006). The Union of
the Physically Impaired Against Segregation defined
disability as “the disadvantage or restriction of activity
caused by a contemporary social organisation which
takes no or little account of people who have physical
impairments and thus excludes them from participa-
tion in the mainstream of social activities” (Union of
the Physically Impaired Against Segregation, 1976).

It is only in the past two decades that accessibility
has been added to the transport agenda in the UK,
with the backing of legislation such as the Disability
Discrimination Act of 1995, now superseded by the
Equality Act 2010. Much of the negative experiences
related by wheelchair users are arguably due to an ini-
tial lack of inscription of their needs into the transport
network, which up until the past decades did not con-
sider them as potential passengers, as well as a slow
shift of social perceptions and assumptions about disa-
bled people in general (Beckett & Campbell, 2015;
Shakespeare & Watson, 1997). As Star argues: “A stabi-
lised network is only stable for some, and that is for
those who are members of the community of practice
who form/use/maintain it” (Star, 1991, p. 42). For the
moment, wheelchair users are still somewhat ‘non-
standard “agents within this sociotechnical system and
do not (yet) experience a stabilised network.

We argue that, perhaps precisely because wheel-
chair users are non-standard agents, they experience
the transport system through its fragments rather than
its entirety. For this reason, the narratives given by in-
terviewees often point to different and diverse factors
(space, people, technology) rather than the system as a
whole (as ANT scholars tend to do). The use of stand-
ards as necessary to regulate and stabilise the system is
what is now locking out these users from experiencing
it as such. This is reminiscent of what Scott (1998) de-
scribed in Seeing Like a State, where the establishment
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of norms and regulations from a top-down approach
does not necessarily translate in a positive and produc-
tive manner for those on the ground, such as the de-
velopment of accessibility regulation still straining the
bodies of wheelchair users and causing harm, as is
shown by our engineering section. This feeds back to
what was discussed in section 6.1. on prescribing solu-
tions as an end-all, when for the many actors who in-
teract with these proposals they may generate prob-
lems in and of themselves.

We would also like to briefly point out that it is im-
portant to remember that wheelchair users are not
‘passive’. While these barriers strain their journey
through the system, they also develop their own tactics
for dealing with these issues. Our interviewees have
provided some examples, such as M. in a quote above
mentioning that she gets into the space facing for-
wards and holding onto the rails. Other examples from
out interviews include wheelchair users -carrying
toolkits to fix ramps, ‘bunny-hopping’ off a bus or train,
using their wheelchairs on escalators, or even organis-
ing activists group to campaign for improved accessibil-
ity. This is a rich area of research that merits further
exploration in the future as it can provide some insight
and suggestions for improvement in transport policy.

7. Conclusion

In this article we intended to think about accessibility
through an interdisciplinary lens, using both an engi-
neering and a sociological approach, and consider the
new insights this collaboration might bring. Transport is
an essential service to the population which ensures
people’s inclusion in society as it provides the link be-
tween the private (the home) and the public (the mu-
seum, coffee shop, Parliament, etc.) spheres. In the
case of our participants, we can see that issues around
the accessibility of public transport can lead to anxiety
and social isolation, but also to physical injury. The col-
laboration between disciplines helped to highlight that
what can be framed as a solution to barriers in accessi-
bility can also generate problems in itself, such as
ramps becoming broken or straining wheelchair users’
bodies and causing harm. This is often due to the ‘add-
on’ nature of some of these fixes onto a system that
has already been mostly stabilised in the past century.
Despite STS and ANT theories telling us that these sys-
tems are more complicated, our interviewees de-
scribed the issues they face as physical, spatial, or so-
cial which we suggest is due to their experiences being
fragmented.

For this reason, policy-making in transport, includ-
ing the establishment of legislation, regulations and
best-practice guides, should be developed in as plural a
manner as possible where, rather than speaking in
terms of ‘solutions’, ongoing conversations about im-
provements are held. The physical and spatial envi-

ronment needs to be understood and people’s abilities
can be measured to provide better guidance. This
should also be supplemented by the understanding
that transport is an extremely large network which en-
compasses not only things, technologies and policies,
but also a wide variety of people and social interac-
tions. A plural approach to investigating the limits and
weak points of public transport networks, including en-
gineering, biomechanics, sociology, city planning,
among others, can permit a wider range of solutions to
be proposed.
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