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Abstract
Wheelchair accessibility is a crucial aspect for mobility purposes in wheelchair users and in
Tucson, AZ there are barriers in the urban infrastructure that hinder mobility for those with
physical disabilities. The available literature on wheelchair accessibility suggests that there are
measurements that can be done to assess whether a particular site is wheelchair accessible or not,
and just how accessible this site may be. This study analyzes physical characteristics of the urban
infrastructure near the University of Arizona to determine whether access is available for
wheelchair users in the streets nearby and just how accessible these streets are. Contrary to what
the university offers in terms of accessibility, the streets surrounding campus are predominantly
inaccessible for wheelchair users because of barriers in the urban built environment that pose real
obstacles to wheelchair users like the absence of curb cuts, incomplete sidewalks, and poor
sidewalk surface quality and street crossing conditions.
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I. Introduction
Mobility is a topic that is usually undermined or taken for granted. Mobility is defined by
the ability to move or be moved freely and easily; furthermore, if we add more context to the
word, we can say we are referring to the ability to move from point A to point B. However, in
Tucson, mobility appears to be an issue for anybody that requires a wheelchair to fulfill their
mobility requirements. For example, suppose you live near the downtown area in Tucson, AZ,
and commute to class to and from the University of Arizona campus on a wheelchair. In that
case, it is most likely that you will find several accessibility barriers that will conflict with the
definition of the word mobility now that such barriers will make the commute more complicated
and unpleasant. The barriers I am talking about are incomplete sidewalks, lack of ramps, steep
gradients, gravel sidewalks, cracked sidewalks, and the list goes on.
Mobility is such an essential aspect of life; thus, it should not be limited by poor and
inaccessible infrastructure. Mobility is a basic and necessary activity for the quality of life of all
people at any age. Moreover, mobility allows us to carry out daily and domestic activities that
are required in the various fields of human performance, such as personal care, work, education,
leisure, and play (Stephanie et al. 2020). Thus, Tucson’s lack of accessible infrastructure is
limiting the potential of wheelchair users to be independently mobile. Unfortunately, “The Old
Pueblo” has its flaws in urban development, and it is widely seen in its inaccessible sidewalks
and walkways. According to the Living Streets Alliance website, 54% of major Tucson streets do
not have sidewalks. Thus, people with disabilities are twice as likely to have inadequate
transportation options.
This problem is global, but it ranges from severity from place to place. In this case, this
problem is huge at a local level (Tucson). It needs particular assessment with the University of
Arizona, which brings large amounts of students. The University also supports many large
programs regarding adaptive sports such as wheelchair basketball, wheelchair tennis,
handcycling, track, para-swimming, quad rugby, and many more. The fact that there are many
wheelchair users in the University implies the need for wheelchair-accessible routes. This
becomes a more significant issue when the University of Arizona claims it is one of the most
accessible universities in the nation. The previous statement is true; however, it is quite the
opposite once you leave the UofA campus.
Accessibility is particularly interesting for me because I experience this firsthand. I am a
wheelchair user who has been living in Tucson for the past four years. In addition, I do not own a
car and rely solely on public transportation and my wheelchair for mobility purposes. I have seen
the struggle that inaccessible sidewalks and walkways bring to wheelchair users, and I am
motivated to do something about it. I am also involved in wheelchair sports, where I know quite
a few wheelchair users who live here in Tucson and attend the UofA via different transportation
methods. I know how aware of the problem these individuals are. If the problem were resolved
within the near future, we would see more wheelchair users in our streets, which would promote
a healthier lifestyle for them and consequently a better quality of life.
Specifically, this study seeks to answer the following question: what are the physical
infrastructure design characteristics which impede mobility for wheelchair users near downtown
Tucson? To answer this question, the paper will begin with a literature review on accessibility
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and then proceed to the methods and data collection. Finally, there is a short discussion on the
implications of these findings.

II. Literature Review
According to Dattilo et al. (2008), evidence demonstrates a positive effect of usable pedestrian
infrastructure for people with disabilities. In 2005, the United Nations surveyed 114 countries
showing that 54 percent of them reported no accessibility standards for outdoor urban
environments and streets and that 58 percent had not allocated any financial resources to
accessibility (United Nations and Department of Economic and Social Affairs). In 2010, in the
United States, approximately 30.6 million individuals experienced difficulty walking or climbing
stairs or used a wheelchair, cane, crutches, or walker (United States Census Bureau). Moreover,
in developing countries, 70 percent of people with disabilities were estimated to experience
serious difficulties getting around outside their homes (Patrinos 2006). The need for accessible
pedestrian infrastructure is significant at a global and local scale.
Recent studies show that the physical characteristics of sidewalks may go unnoticed or may be
easily overcome by able-bodied individuals. However, for people with physical disabilities, these
characteristics pose real obstacles that end up limiting the ability for these individuals free access
to the use of public spaces (Ferreira and da Penha Sanches, 2007). There are some ideas that
people need to adapt to the built environment; others, in contrast, see in the environment the
causes for certain human conflicts (Lima and Machado 2019). According to Ferreira and da
Penha Sanches (2007), “one can see that it is not people who are disabled, but rather, buildings,
transport systems, and parks, and cities in general, that are inefficiently planned and designed for
the use by a diversity of humans (not just the standard man).”
Accessibility for wheelchair users
A relevant study regarding wheelchair accessibility was documented by Chesney and
Axelson (1996). They developed a method to measure objectively the amount of effort a
wheelchair user requires to move over different types of surfaces and terrain. The results show
that the effort required to overcome a given ramp slope can be simplified by a “pass/not pass”
criterion, especially when it involves a relatively short distance. Nevertheless, the study authors
further investigated the impact when the distances are longer (e.g., a long stretch of a sidewalk).
They proposed a measure for the performance of the sidewalk accessibility that can be divided
into the following stages: (1) divide the route into several stretches whose limits are defined by
changes in transversal and longitudinal downhill grade; (2) multiply the length of each stretch by
the effort needed per meter to cover it; (3) add up the values obtained for all the stretches; and (4)
normalize the result to a value of effort per mile (Ferreira and da Penha Sanches, 2007). The
values obtained through this research and sampling of wheelchair users can depict critical
admissible sidewalks; especially, for short distances.
Beale et al. (2004) proposed a GIS terrain analysis that ultimately provides the
wheelchair user with enough data, information, and tools to select accessible routes in the urban
environment. The system works in the following way; it determines the optimal route based on
the cumulative hindrances caused by the urban barriers and considering personal preferences
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(e.g., avoiding ramps with slopes exceeding 4%).[b] Similarly, this study proposes that a
combination of both GIS data and primary data collection can be used to identify more
accessible routes in a certain area. As mentioned in the studies reviewed earlier, there are
hindrances in the built environment that are easily recognizable that depict whether a wheelchair
user would have access to a certain street and, if so, how easy that access would be.
A study done by Kockelman et al. (2000), identified the following factors that affect the
perception of comfort in wheelchair users when traveling on a sidewalk:
Length of a continuous stretch of sidewalk exceeding 2% of the cross slope;
The proportion of the total length of the sidewalk exceeding 2% of the cross slope;
The volume of traffic on the adjoining road and distance of separation from that traffic;
Condition of the sidewalk pavement (type, texture, state of maintenance);
Longitudinal downhill grade of the sidewalk (uphill and downhill grades affect the user);
Climate;
Width of the sidewalk;
Degree of accessibility of the entire route (lowered curbstones, street crossing, etc.).
All this data provides enough information to create an accessibility index based on the
variables present in the built environment. Depending on the presence or absence of these crucial
variables, it is possible to categorize whether a street is accessible or not.
Odea et al. (n.d) proposed a method to evaluate the roughness of sidewalks and pavement
cracks from the point of view of wheelchair users. They came up with a scale of 1 to 5 regarding
the perceived level of discomfort of wheelchair users when they rolled through different
surfaces. (the higher the value, the greater the discomfort). The results show a function that
correlates the level of vibration with the level of discomfort.
Banister and Bowling (2004) attempted to examine the relationship between activity
pattern, environmental and social attributes, and perceived quality of life of wheelchair users,
using a perception survey. Results show that the perceived quality of life of disabled individuals
was more positive when their frequency of activity engagement was higher than three per month
and one had better access to transport, regardless of private or public transport. These findings
demonstrate the importance of designing facilities to improve accessibility as it can dramatically
increase the quality of life.
Researchers have identified positive outcomes when people with disabilities can
participate in social and community activities when that participation is facilitated by accessible
pedestrian infrastructure. These users experience improvements in their quality of life, sense of
belonging, and overall health (Dattilo et al.,2008). As has been reported by Clarke et al. (2008),
“pedestrian-oriented designs, such as continuous, barrier-free sidewalks, four-way stop signals,
adequate street lighting, and pedestrian amenities, are positively associated with physical
activity, as well as mobility in older adults and disabled individuals.”

III. Study Site
The area this study covers is within a few streets of the west university neighborhood.
The area was chosen based on its proximity to the University of Arizona. These streets are
amongst the more direct routes from the University towards the Downtown area, particularly
4th Avenue. This route’s importance varies drastically depending on where you reside; however, it
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represents the main issue regarding inaccessibility in Tucson. These streets appear to be the most
widely used by students who travel by foot from campus to 4th Avenue.
The area can be seen in more detail in Figure 1.

The main streets that borderline the study site is University Blvd to the North, 4th Ave to the
West, 6th Street on the South and, Euclid to the East.

IV. Data and Measures
Using the framework established by Odea, this study uses a numerical scale to rate
sidewalks. The data was calculated through an ordinal scale of accessibility based on a score of
points from 0 to 20, where sidewalks were categorized into five different classifications, the
sidewalks were either fully accessible if they scored an accessibility index (AI) higher than 18
points, moderately accessible if they scored AI >14 points, and inaccessible if they scored AI <
11 points (See table 4. For more detail). The variables used for the score of these sidewalks were
barriers that impeded or complicated mobility to wheelchair users. These barriers can be seen in
more detail in Table 1.

V. Methods
The study was conducted by gathering primary data based on observational and imagery
obtained by the researcher. For this, an accessibility index was developed using a score of 0 to
20. The latter includes design characteristics of urban physical infrastructure that impede
mobility (barriers) in these streets/sidewalks. These barriers include lack of ramps (absence of
curb cuts), rough sidewalk surfaces, incomplete sidewalks, steep slopes, and inaccessible street
crossings. Once these barriers were identified, they were used to score these sidewalks, grade
them, and classify them into three categories: fully accessible if they were classified as A or B,
moderately accessible if classified as B or C, and inaccessible if classified as F. With this
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information, I was able to go around the study site and classify these sidewalks to illustrate the
problem at stake further. The methodology can be replicated elsewhere, but several
considerations must be made to obtain accurate results. For this study, I focused on barriers from
the physical infrastructure that impede wheelchair mobility and are often invisible to
non-disabled individuals. Some of the barriers have to be assessed with the eyes and mobility
concerns of a wheelchair user.
Meanwhile, the absence of curb cuts is easy to identify. Other variables like the quality of
sidewalk surfaces are harder to classify and need a deeper understanding to score properly. For
the latter, it is important to look at the condition of the surface (both building material and
current condition). Whereas concrete has the smoothest rolling surface and requires less
maintenance, pavement tends to crack more often and shows signs of the rough surface. Cracks
on the surface of the sidewalk also need particular attention. If the crack is smaller than 10 cm
wide, it does not impede mobility; on the other hand, if the crack is larger than 10 cm, it becomes
hard to maneuver and thus was given a lower score of accessibility. It is also important to
consider lips sticking out right at the connection between sidewalk ramps and street connections.
If there was a pavement lip sticking out right at the edge of the ramp, it is also hard to maneuver
and gets a lower score of accessibility as well. (See figure 2).

Figure 2. An example of rough pavement at a curb ramp with a gap
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Table 1. Scoring factors
Variable Impeding
Score
Mobility
Curb Cuts (CC)
(0,5)
*Curb cuts have to be
present to rank sidewalks
if they are not, they score
inaccessible for default.

Complete Sidewalk (CS) (1-3)

Description
Curb cuts are present or
not and the quality of
them.

Sidewalk Completion

(1-3)

Sidewalk construction
material and condition.
Concrete ranks the
smoothest rolling surface
compared to concrete.
Cracks in pavement larger
than 10cm wide or 5cm in
height rank lower.

(1-3)

The connection between
the curb cut and the street
has to be smooth. If there
are lips of accumulated
pavement left during
construction larger than
5cm in height, they
ranked lower,

Sidewalk/Street
Surface Quality (SSQ)

Street
Crossings
Condition
(SCC)

Illustration
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Table 1. Shows the visual representation of the barriers selected for this pilot study and the score
they were ranked with depending on their condition. In this case, we have 4 different variables,
their score and their visual illustration.
Table 2. Variables that Characterize the Physical Infrastructure of Sidewalks
Variables
Representation
Curb Cuts
Curb cuts are present or not
and the quality
Part of the sidewalk is
Complete Sidewalks missing and some have a
complete absence of ramps.
Sidewalk/Street
Condition of the sidewalk
Surface Quality
surface expressed in terms
of quality of maintenance.
Street intersection crossings
Street Crossing
in terms of the connection
Condition
between curb cut and street.
Table 2. The variables representing the accessibility barriers of the sidewalks and streets
analyzed in the study and a brief description of them.
Table 3. Elements that promote Wheelchair Accessibility
Ramps

Smooth Road
Surface
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Table 3. Show the most important elements of the urban infrastructure that promote wheelchair
accessibility and a visual illustration. In this case, ramps and smooth road surfaces are
considered highly important for wheelchair users.
Table 4. Accessibility Index
Points
Grade

Category

Description
The wheelchair user
18 ≤ AI ≥ 16
A or B
Accessible
can circulate
unhindered
The wheelchair user
can circulate with
14 ≥ AI ≥ 12
C or D
Moderate Accessibility some difficulty and
requires skill for
maneuvering
Impossible for
AI ≤ 11
F
Inaccessible
wheelchair users to
circulate
Table 4. Shows how the accessibility index works in terms of classification and points.

VI. Results
Key Findings
Most of the sidewalks from the study site are inaccessible for wheelchair users. The following
color-coded map illustrates the streets and their classification:
Figure 3. Results for the West University area showing accessible streets in green, moderately
accessible in yellow, and inaccessible in red.
Note: If curb cuts were absent at any point of the street sampling due to that variable’s weight,
the street was immediately given a score of 0 points and classified as inaccessible
Table 5. Show the streets’ results sampled in this research and the points regarding the barriers
found in each segment of the streets/sidewalks sampled. The sum of Figure 3 was color-coded to
illustrate the following scale:
Green: Fully accessible
Yellow: Moderate Accessibility
Red: Inaccessible
According to the index of accessibility used to measure the accessibility performance of each
sidewalk, the majority of the streets/sidewalks (8 out of 12) scored low-performance scores of <
2 points, classifying them as inaccessible.
The most common and most significant barrier found in these sidewalks/ streets was the lack of
ramps and incomplete sidewalks. In addition, sudden curb cuts are predominantly seen in these
streets.
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Lack of
ramps
(sudden
curb cuts)

Ramps

Smooth
street crossing
connections

Incomplete
sidewalks

Smooth-rolling
surface

The variables scoring highest in accessibility were smooth rolling surface, ramp availability, and
complete sidewalks.
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Sidewalks
Variables
#1
#2
CC
5
0
CS
5
0
SSQ
5
0
SCC
5
0
AI
20
0
Table 5. Results of the Evaluation

#3
0
0
0
0
0

#4
5
2
2
5
14

#5
5
5
5
5
20

#6
0
0
0
0
0

#7
0
0
0
0
0

#8
0
0
0
0
0

#9
0
0
0
0
0

#10
0
0
0
0
0

#11
0
0
0
0
0

#12
5
5
2
1
13

The weight of these variables was distributed in the following manner, and curb cuts had to be
present to score the sidewalk. They would obtain 5 points if present and 0 if not. Complete
sidewalks get 5 points if present, 2 points if they were somewhat complete, and 0 points if they
were incomplete. Furthermore, surface quality obtained 5 points if smooth, 2 points if there were
minimal cracks, and 0 points if cracks were predominant and large (larger than 10 cm wide).
Finally, street crossing conditions obtained 5 points if excellent conditions were observed, 2 if
they were good, and 0 if they were too rough to maneuver easily.

VII. Conclusion
This study answered the following question: what are the physical infrastructure design
characteristics which impede mobility for wheelchair users near downtown Tucson? It did so by
using a small case study in the West University neighborhood near the University of Arizona.
The study shows that there are many barriers in the physical infrastructure of Tucson
streets/sidewalks that hinder mobility. It is most likely to stay that way now that the percentage
of the streets sampled that were classified as inaccessible is cost-intensive to retrofit. An analysis
of the sidewalk conditions determined that only two streets are accessible- University Boulevard
and 4th Avenue. The interior residential streets are highly inaccessible due to the lack of curb
cuts. The city must address the lack of curb cuts to improve accessibility for residents in this
area. The latter is a problem, but we could mitigate this by finding the most accessible route
based on the accessibility index used for this study to give enough information for wheelchair
users amongst Tucson regarding which routes to avoid and which are optimal for wheelchair
users if any.
The inclusion of individuals who are disabled, whether physically or mentally, is crucial for their
development as human beings, and the lack of urban infrastructure that promotes mobility in
Tucson shows just how behind the city is in terms of accessible/universal design. As depicted in
the introduction of this paper, mobility is a basic and necessary activity for all people’s quality of
life at any age. Moreover, mobility allows us to carry out daily and domestic activities required
in the various fields of human performance, such as personal care, work, education, leisure, and
play.
Future Steps
Other variables that hinder mobility could have been illustrated, such as slope and type of
surface. These elements could also impede mobility and could be added to the research through a
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terrain analysis potentially made through GIS. A combination of both satellite data
observational/user data could be used to find the most accessible Tucson routes, particularly for
wheelchair users. It may be beneficial to develop a weighting score for future work if the area is
accessible. This equation could include slope, surface type, shade, and other factors. However,
given the low accessibility of the study area, the first step is to bring the area up to standard
before further analysis can be completed.
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