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Abstract: There is a wide range of regulations on universal accessibility, but our cities are still
inaccessible in many cases. Most accessibility problems in cities occur in consolidated areas that were
developed prior to the development of current accessibility regulations. This leads to consider the
importance of focusing more effort on managing the improvement of the accessibility of existing
public urban environments. As such, the objective of this research is to design a conceptual model for
accessibility management in consolidated urban environments. Unlike other research focusing on city
users to collect information on accessibility problems or to provide services to improve wayfinding,
this method has a focus on urban accessibility managers. The model is based on the assessment of the
level of accessibility of urban environments together with the assessment of management processes
in which city users are actively involved. It consists of a set of basic indicators for the identification
of accessible pedestrian routes, and provides a dynamic accessibility index for the evaluation of their
efficient management by the responsible governments. The inclusion of this assessment framework
in the management process itself enables the necessary improvement actions to be identified and
taken in time. ICT (Information and Communication Technologies) provide the communication
channel between the responsible governments and city users, making this a more dynamic and
efficient management model based on assessment possible.

Keywords: smart cities; inclusive cities; accessibility; sustainability; urban planning; urban manage-
ment; information and communication technologies

1. Introduction

It is a fact that our cities are not accessible [1–3] despite the extensive normative devel-
opment in the field of accessibility in recent decades since the United Nations International
Convention on the Rights of Persons with Disabilities (ICRPD) [4], which was the first legally
binding international instrument in the field of human rights. The signing and ratification
of the ICRPD and its Optional Protocol by the different countries reinforced the coherence
between actions in the field of accessibility at the international level and, in many of these
countries, led to the implementation of several plans aimed at improving accessibility
conditions. The ICRPD brought about a major change in the understanding and perception
of disability and, as a relevant fact, highlighted the need to incorporate its dimension as an
integral part of relevant sustainable development strategies [5].

The comparative analysis of international regulations carried out by the Canadian
Human Rights Commission (CHRC) [6], which included a study of regulations in 14 coun-
tries around the world, is a good example of this paradigm shift. The study reflected the
advances and debates that have taken place in the search for universal accessibility and
the necessary unification and standardization of measures to be adopted in the different

Sustainability 2021, 13, 8323. https://doi.org/10.3390/su13158323 https://www.mdpi.com/journal/sustainability

https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-0104-6153
https://orcid.org/0000-0002-8250-1954
https://orcid.org/0000-0002-8591-0710
https://orcid.org/0000-0001-7711-5357
https://doi.org/10.3390/su13158323
https://doi.org/10.3390/su13158323
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su13158323
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su13158323?type=check_update&version=3


Sustainability 2021, 13, 8323 2 of 22

countries. As far as the European Union is concerned, the Council of Europe Resolution
Achieving full participation through Universal Design [7] urged governments to achieve full
participation of people with disabilities in the knowledge society through universal design
or design for all.

Thus, the first decade of the 21st century confirms a shift and evolution in policies and
actions towards universal accessibility. However, despite the fact that the European Disability
Strategy 2010–2020: A Renewed Commitment to a Barrier-Free Europe [8] was developed to
guarantee the effective implementation of the ICRPD, people with disabilities, temporarily
or permanently, older people who are increasingly numerous in our cities, and all people
at some point in their lives, continue to face today in many cases an inaccessible urban
environment, full of barriers and, in some way, indifferent to their daily problems [9–11].

This leads us to consider that the development of regulations and their systematic
application in our cities is not enough to achieve universal accessibility and that it is neces-
sary to focus greater effort on accessibility management that allows a closer approximation
to the social reality and the real urban accessibility problems that have yet to be solved.
This requires the implementation of a participatory management process in which citizens
themselves, as users of the city, are allowed to communicate the real problems they face.

It is clear that most accessibility problems in cities occur in consolidated areas that were
developed prior to the development of current accessibility regulations. The application of
accessibility regulations in newly developed areas is not a problem as appropriate measures
are introduced from the conception of urbanization projects. However, the adaptation
of existing public spaces developed prior to the application of these regulations does
present a difficulty and affects most of the area covered by our cities. Research is therefore
necessary, not so much to verify the strict application of accessibility regulations, which
is not fully possible in many consolidated areas of our cities, but rather to monitor the
“possible adaptation” of existing public spaces to conditions initially conceived for new
urbanization areas—for which citizen participation is a key factor in identifying everyday
accessibility problems.

Within this context, and with the aim of contributing to improve the planning and
management of universal accessibility focused on consolidated urban environments, this
paper proposes a method of urban accessibility management based on certain indicators,
and which provides an accessibility index in cities for the identification and management
of accessible pedestrian routes. The accessibility factors considered in the model are the
following: the walkability of urban spaces (of pathways and approximation spaces, the
availability of resting areas, adequate changes in level and pavements); the usability and
handling of urban elements (adequate location and design); the facilities for wayfinding
(presence of signage, illumination and detectable indicators); and the facilities for acces-
sible communication. It is important to point out that the method is not proposed as an
alternative to compliance with existing regulations, but as a tool to assess basic accessibility
conditions in all existing urbanized public spaces where it is not possible to achieve the
levels established for new urban development and the best possible adaptation to these
conditions should be sought. The research presented is therefore approached from the per-
spective of accessibility management, understanding this as an opportunity to improve the
accessibility conditions that existing spaces already have, through continuous monitoring
and assessment of their efficient functioning. The main objective of this research is, there-
fore, the design of an accessibility management model based on the continuous assessment
of the accessibility conditions of urban environments, in which the information provided
by citizens on the real accessibility problems they face is of essential value. The inclusion
of this continuous assessment framework in the management process itself enables the
necessary and priority improvement actions for citizens to be identified and taken in time.

The proposed method is conceived and designed within the framework of the United
Nations 2030 Agenda for Sustainable Development [12], specifically aligned with Sustainable
Development Goal 11: Make cities and human settlements inclusive, safe, resilient and
sustainable, and Target 11.3: By 2030, increase inclusive and sustainable urbanization
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and capacity for participatory, integrated and sustainable planning and management of
human settlements in all countries. To achieve this goal, Information and Communication
Technologies (ICT) have much to offer, enabling the design of people-centered technology
models for improved planning and management that are more flexible and open to the
participation of all citizens. The potential of ICT to encourage a sense of citizenship and
citizen participation is increasingly recognized [13–16].

In this sense, the proposed method is presented as a dynamic tool for accessibility
management that enables communication between the administrations responsible for
improving accessibility in cities and the users of urban public spaces. It is therefore made
available to public administrations for the assessment and management of accessibility
problems and includes the participation of citizens in alerting them to compliance with
the accessibility index that guarantees the existence of accessible routes. ICT provide the
communication channel between the responsible governments and city users, making this
more dynamic and efficient management model based on assessment possible.

The rest of the paper is structured as follows. Section 2 provides a brief overview
of previous related research conducted and the concept of an accessible route. Section 3
describes the proposed model, including the materials and methodology used in the design
of indicators, as well as an accessibility index oriented to the management, maintenance
and improvement of accessibility in consolidated urban areas. Section 4 provides an
example of how the proposed model works and its usefulness. Finally, Section 5 draws
some conclusions.

2. Background

Inclusive design promotes the creation of accessible spaces that all citizens can use.
An accessible route is “A continuous, unobstructed path connecting all accessible elements
and spaces of a building or facility” [6]. Defining accessible routes in a city as opposed to
non-accessible routes is contradictory to the concept of an inclusive city. An inclusive city
is one that recognizes difference, which allows for the development of a sense of common
belonging. Among the ideas that constitute the concept of an inclusive city are accessibility,
multi-functionality, equity, partiality and universality [17].

However, consolidated urban areas in existing cities do not have a built environment
that is based on an inclusive project. In consolidated cities, there may be roads that cannot
be adapted to be considered accessible, but there are others. Although it is necessary for an
inclusive city that all roads are accessible and that there are no differentiated routes to be
followed by people according to their different abilities, in certain consolidated areas of the
city this challenge is not achievable at the moment.

It is in these consolidated areas where the concept of accessible routes has a special
significance because their identification and construction constitutes an important area for
improving the accessibility of these consolidated urban environments [18–20].

The European Disability Strategy 2010–2020 [8] proposed to use regulatory and stan-
dardization tools to facilitate accessibility of the built environment for all people with a
design for all approach. In particular, the International Organization for Standardization
(ISO) worked on the standardization of accessibility in the built environment to ensure
usability for the widest range of people [21]. To this end, ISO 21542: 2011 Accessibility
and Usability of the Built Environment [22] has been developed and is revised every 5 years.
While this standard focuses on the built environment and does not address elements of
the outdoor environment, such as public open spaces, it provides only requirements for
features of the outdoor environment directly connected to the access to buildings.

Currently, there is no clear definition of the EU in the design criteria for public open
spaces and, consequently, there are no guidelines for assessing the basic concepts related
to them. Some studies have proposed a research agenda [23], other research has aimed
to provide methodologies for standardized assessment of inclusive design [24,25], but
research in the field towards standardization of models is still incipient. In this sense the
present research is proposed to contribute to take a step forward.
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Many other studies, although not specifically focused on the standardization of urban
accessibility assessment, have been developed to enable citizens to move around in an
accessible way [26]. This is a requirement for all cities and a very active field of research
today. Much of this research has focused on exploring the possibilities of ICT for building
a pedestrian infrastructure network, with smart cities being a constantly developing field
of research. A large number of social applications to support people with disabilities have
been developed in recent years taking advantage of the popularity of smartphones. These
applications can be easily used by people with different abilities to calculate accessible
routes. Many of them take advantage of the Web 2.0 paradigm to collect information about
the accessibility of urban roads [27–35]. This information is then used to determine an
accessible route between any two locations and provide this information to users with
a particular disability. For example, people on a wheelchair can ask the application for
information on a path between any two destinations and will receive a response with
information on the shortest accessible path available.

A large number of crowdmapping applications have also been developed based on
mobile applications that allow users to photograph and rate places in the city that present
obstacles for people with reduced mobility. In short, all these applications have in common
the sharing of information about accessible and non-accessible routes on an interactive
map [36,37]. Specific projects have also been conducted to build accessibility maps, by
mapping accessible routes automatically based on data collected through the mobile devices
that people take with them when they move around the city [38,39]. Many case studies in
specific regions have been conducted with the aim of assessing the effectiveness of cities’
accessibility and access to services [40–42].

Mobile applications are designed as part of more complex models in much research in
recent years. Information system architectures have been proposed to create accessibility
data models that retrieve information from multiple heterogeneous and large-scale data
sources (OpenStreetMap, LiDAR data, social network data, through sensors) [43,44]. Much
of this research has focused on the field of transport to provide open data on accessible
public transport systems and to manage information on accessible routes obtained through
crowdsourcing techniques [45,46]. In particular, services are proposed and offered that
provide personalized route information to users to improve orientation [47,48]. Algorithms
have even been developed with the dual objective of not only identifying accessible routes
but also personalizing the choice of one route or another according to the needs of each
user [49,50]. For example, in the field of transport, applications have been developed that
allow users to generate accessible routes for a particular special need. Users can start a
route, and the application will periodically register the position during the journey. When
users finish the journey, they can save and share the route with other users and include
comments reporting possible incidents. This generates a repository of accessible routes
using crowdsourcing techniques.

Most research has focused on whether there are accessible routes for wheelchair
users [51]. Navigation models [52] or methods to classify accessible or inaccessible surfaces
(built or natural) [53] have been developed. Computational methods have also been
developed that compile datasets from different sources to provide users with personalized
and accessible pedestrian routes and maps [54]. Some of these models analyze the user’s
acceptance of the space design or focus on the identification of various obstacles. Other
models generate an accessible route through the best possible surface depending on the
user and wheelchair requirements [55]. Some other approaches use motion planning
techniques to predict the performance or stability of a facility through the analysis of
virtual simulations [56,57].

Less research focuses on other types of disabilities, such as the design of accessible
guidance systems for visually impaired people [58]. There has also been research in specific
fields such as emergency situations and modelling of accessible evacuation routes [59], and
in the development of ontologies for this purpose [60].
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In summary, it can be argued that research on improving mobility in cities for people
with disabilities has been extensive over the last decades. Within the context of smart cities,
both general and specific issues have been addressed. However, most research has focused
on users, on the one hand, to collect information on accessibility problems directly from
the citizens’ own experience and, on the other hand, also a large number of researches
have been oriented towards the development of services to improve wayfinding for people
with disabilities in cities. Research in the field of accessibility management is less extensive.
Research has been conducted in specific fields such as beach management, green space
management or accessible tourism management [61–64]. Much of this research has been
oriented towards the definition of indicators, as well as indices of the relationship between
different types of indicators [40,62,65–71].

However, research in the field of universal accessibility management for urban public
spaces in general is often incipient or ignored. There is still insufficient research on
models aimed at assessing the performance and response of responsible governments
to solve existing accessibility problems. In this regard, this paper proposes a method
oriented to urban accessibility managers that aims to evaluate the action and effectiveness
of governments responsible for accessibility in cities.

Our research group has developed an Urban Accessibility Monitoring System consist-
ing of a mobile application that allows citizens to register the accessibility issues they find
in the urban environment and a web console for the management of these issues by local
governments [72–76]. Compared to other accessibility applications, this application is not
designed in isolation, i.e., it does not focus exclusively on city users to collect information
on accessibility issues or to provide a service to improve wayfinding. It also provides
an efficient communication channel with accessibility improvement managers enabling
participatory management. Based on this previous research, this paper advances in the
part related to accessibility management by the responsible governments. The proposed
accessibility management model consists of a set of basic indicators for the assessment of
the accessibility of urban roads and the identification of accessible pedestrian routes, and
provides a dynamic index of accessibility in consolidated urban areas for the assessment of
the efficient management of these routes by the responsible governments, in the calculation
of which citizen participation is involved.

In the following Section 3, the proposed model is presented and its main features and
functionalities are defined.

3. Management Model for Accessible Routes in Consolidated Urban Areas

This section describes the proposed Accessible Route Management System in Consoli-
dated Urban Areas (ARMS-CUA).

The management system is defined as:

ARMS-CUA = (UA, RS, E, UAIndex), (1)

where:

• UA (Urban Accessibility) represents a measure of the accessibility of urban public
spaces applied to each street segment;

• RS (Requests Solved) represents the extent to which the set of requests reported by
citizens on accessibility problems have been successfully solved by the governments
responsible for accessibility management;

• E (Efficiency) represents the effectiveness of the responsible government’s response or
action to address the requests reported by citizens;

• UAIndex (Urban Accessibility Index) is a dynamic index oriented to the management
and maintenance of accessibility in consolidated urban areas.
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3.1. Measuring the Accessibility of Urban Public Spaces (UA)

UA is defined as:
UA = (UAI, KUAI, Q), (2)

where:

• UAI (Urban Accessibility Indicators) represents the set of urban elements of accessi-
bility, consisting of a set of key accessibility indicators that are considered basic for a
street segment to be part of an accessible route in consolidated urban areas. From the
set of UAI indicators, Key Performance Indicators (KPIs) are selected, which form a
unique subset of high-level indicators related to the strategic objectives in the evalua-
tion of the accessibility of urban environments [77]; KUAI represents the measure of
compliance with the set of accessibility indicators (UAI) in a street segment according
to the different categories of indicators defined;
Q is the set of rules that defines how the KUAI is classified according to the result
obtained. It therefore represents the classification of urban spaces according to the
value obtained (KUAI) of compliance with the categories of indicators.

3.1.1. Defining Urban Accessibility Indicators (UAI)

Apart from the fact that public spaces must comply with the different national reg-
ulations, this research proposes a method based on indicators for the identification and
management of accessible pedestrian routes in consolidated areas that can be applied at an
international level.

In order to define the organization of accessibility indicators in consolidated urban
environments into categories and subcategories, the universal accessibility criteria of the
Spanish Association for Standardization and Certification (AENOR): MGLC criteria to
facilitate accessibility to the environment have been used. These criteria were determined in
the UNE 170001-1 Universal Accessibility standard [78]. In this way, the application of local
or national legislation has been avoided, starting from voluntary criteria in favor of design
for all that have been adapted to the specific context of urban environments.

The MGLC criteria determine four essential actions to be taken into account in accessi-
bility assessment, these being Movement, Grasping, Locating and Communication. For
each of these actions to be possible, the UNE standard also defines a series of concepts to be
considered. In this research, the four essential actions established in the MGLC criteria have
been adopted as categories for the determination of accessibility indicators, adapting their
definition to urban environments. From this adaptation, the following categories result:
Walkability (in relation to Movement), Usability and Handling (in relation to Grasping),
Wayfinding (in relation to Location) [79], and Accessible Communication (in relation to
Communication). In turn, within each of these four categories, the concepts that define
them and are applicable to urban environments have been established as subcategories.
Although many of the concepts to be considered are related to several actions, in this
research we have tried to simplify and not to associate the same concept to different actions,
so each subcategory has been assigned to a single category.

• Category 1 (C1): Movement⇒Walkability Walkability is understood as the action
of moving from one place to another by walking to access the places and objects
to be used. It must be easy for anyone to do, regardless of their abilities, whether
they use aids (wheelchairs, walking aids, white canes), whether they walk alone or
accompanied, at a fast or tiring pace, or any other circumstance such as carrying
objects or prams. For the action of walkability to be possible, there must be accessible
routes to enable it. Walkability in a city can be horizontal, i.e., moving along streets or
corridors, and vertical, i.e., going up or down stairs or ramps, for example.

• This category, Walkability, is considered of high level of importance in line with the
strategic objective of improving accessibility in consolidated urban areas.

• According to the MGLC criteria, the following basic concepts have to be considered
in order to make walkability possible in urban environments: pedestrian pathways,
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approximation spaces, resting areas, changes in level and pavements. In this research,
these five basic concepts have been adopted as subcategories for the determination of
accessibility indicators.

• Category 2 (C2): Grasping ⇒ Usability and Handling Usability and handling is
understood as the action of using the different urban elements, as well as reaching,
grasping and manipulating the different objects. For usability and handling to be
possible in urban environments, the following two concepts are considered basic
and have been adopted as subcategories of indicators: the location and design of the
different elements and objects.

• Category 3 (C3): Location⇒Wayfinding Wayfinding is understood as the action of
locating and identifying places and objects. This requires orientation in space and its
understanding and, where necessary, the planning of possible routes. This category of
Wayfinding is closely related to the following category of Communication. In order to
make wayfinding possible, the following three concepts are considered basic: signage,
illumination and detectable indicators. These three basic concepts have been adopted
as subcategories of indicators.

• Category 4 (C4): Communication⇒ Accessible Communication Accessible commu-
nication is understood as the exchange of information so that the environment can
be used by all people in safe conditions and as autonomously as possible. For com-
munication to be accessible it must be visual, acoustic or tactile, or a combination
of these.

For each of the categories and subcategories described above, accessibility indicators
have been defined for consolidated urban environments. The indicators proposed in this
paper have been selected from among the concepts applicable to urban environments that
were studied in the comparative analysis of international accessibility regulations carried
out by the CHRC [6], which included a study of the regulations of 14 countries around the
world. The aim is that the proposed method can be applied by the different countries for
the assessment of accessible routes in consolidated areas as a complement to the regulations
applicable in each of them.

From this document, which shows the adaptation of the different national accessibility
regulations to the concepts of universal accessibility and design for all and which compiles
the existing technical specifications at international level, the main accessibility codes
and requirements for urbanized public spaces have been selected in order to establish a
compendium of common basic parameters that can be used to assess accessibility in urban
environments in different regional areas.

With this aim of defining basic accessibility conditions in consolidated urban environ-
ments that can be assessed at an international level, the reference values for measuring
the proposed indicators have been established in accordance with the best practices rec-
ommended by the CHRC for each of the criteria analyzed. According to the CHRC, “Best
practices in universal design is defined as building practices and procedures that comply
with universal design principles and provide affordable design practices that meet the
needs of the widest possible range of people who use of facility”. Thus, these values for
measuring compliance with the accessibility indicators do not necessarily correspond to the
most restrictive values obtained by simply comparing the regulations of the different coun-
tries, but were suggested by the committee of experts appointed by the CHRC on the basis
of various other factors, such as the cost of construction, the feasibility of implementing the
different solutions and their functioning.

As the Commission stated in its report, these best practices “are only a guide to
be used in conjunction with local experience” and “are not intended as an international
standard”. In the same way, these best practices are included in the proposed method as a
resource and guidance tool for the assessment of basic accessibility parameters in existing
urbanized public spaces where it is not possible to achieve the standards set for new
urbanization. Not all accessibility standards may be applicable to all environments, which
strengthens the case for specifying performance requirements or best practices rather than
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regulatory technical minimums for environmental accessibility [80]. Within the context of
this research, achieving these best practice requirements always entails an improvement of
the accessibility conditions that already exist in established spaces.

Below are the proposed indicators classified by categories and subcategories that
make up the model (see Tables 1–4). The indicators included in category C1. Walkability
(Table 1), refer to structural concepts of the urbanization and configuration of the city
and are therefore considered to be of high level of importance to achieve the objective of
ensuring an adequate level of accessibility. The indicators included in this category have
been selected for this reason as KPIs. In addition to the reference value proposed in the
model for assessing compliance with the indicators (best practices), the tables show the
regulatory requirements in four other countries (Canada, Australia, Sweden and Spain).
These national regulatory requirements have been extracted from the comparative study of
the CHRC and, although they may have been updated taking into account that accessibility
regulations are constantly evolving [80], their mere comparison with best practices allows
understanding how some aspects that are considered basic in the model are not addressed
in some national regulations. It is also possible to compare whether there is a different
requirement for each of the indicators in different countries, which allows contextualizing
the application of the model in each geographical context. It is important to point out that
the model is proposed for the assessment and improvement of accessibility in consolidated
urban environments where it is not possible to reach the levels established in the regulations
for new urbanization.

Table 1. Key Performance Indicators (KPIs). Classification of Urban Accessibility Indicators (UAI) for accessible routes.
Category C1: Walkability.

Key Performance Indicators (KPIs)
Urban Accessibility Indicators (UAI)

Category C1. Walkability
Canada Australia Sweden Spain Best

Practice

C1.1. Pathways

UAI01. Minimum clear width required on accessible routes for two
wheelchairs to pass; for a wheelchair and a person using a white cane to
pass in opposite directions; and for allowing a wheelchair to turn 180/360◦

(minimum diameter for clear turning space 1500 mm).

1500 1800 1800 1800 1800

UAI02. Minimum clear headroom height pedestrian areas such as
walkways or corridors. 2030 2000 2200–2000 2100 2030

UAI03. Accessible routes adjacent to a vehicular route are separated by a
curb with a curb ramp, a railing or barrier, or a detectable hazard indicator. yes yes yes

UAI04. Well-designed curb ramps are provided at all crossings (at both
sides of the street/pedestrian street crossing), and have a level transition
from the ramp to the adjacent surfaces.
Minimum width of curb ramp (not including flare).

920 1000 900–1000 1000

Maximum running slope of the curb ramp. 1:15–1:10 1:8 1:12 1:12–1:16
UAI05. Curb ramps lead people directly into the crossing area (pedestrian
street crossing). yes yes yes

UAI06. For long paths of travel, well-designed technical aids are provided
(railings, handrails, etc.). yes

UAI07. In case of space reservations (such as car parks or other) these
spaces do not obstruct the pathways and have the required
approximation spaces.

yes

C1.2. Approximation spaces

UAI08. Approximation spaces are clear of obstacles as are the pathways. yes
UAI09. Adequate approximation spaces are provided for the use of all the
elements and services available to users. yes

UAI10. Minimum level walking space back from the top of a curb ramp
slope lower area, so a pedestrian can avoid it. 920 1330 1200

UAI11. Minimum required landing length on a ramp. 1500 1200 2000 1500 2000
UAI12. Minimum clear width at U-turns around an obstacle. 1100 1200 1200

C1.3. Resting areas

UAI13. For long paths of travel, resting areas are provided off the path of
travel at approximate intervals. 30,000 Every 30,000
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Table 1. Cont.

Key Performance Indicators (KPIs)
Urban Accessibility Indicators (UAI)

Category C1. Walkability
Canada Australia Sweden Spain Best

Practice

C1.4. Changes in level

UAI14. Maximum cross slope of an accessible route. 1:50 1:40 1:50 1:50 (2%)
UAI15. Maximum running slope of an accessible route (if steeper, it is
considered to be a ramp). 1:20 1:20 1:12 int.

1:20 ext. 1:20 (5%)

UAI16. Maximum horizontal distance between landings on a ramp. 9000

9000 if
1:14

15,000 if
1:20

6000 if 1:12
10,000 if 1:20 9000 6000

UAI17. Running slope between landings on a ramp. 1:12–1:20 1:14–1:20 1:12 int.
1:20 ext. 1:10–1:16 1:16–1:20

UAI18. Maximum cross slope of a ramp. 1:50 1:40 1:50 1:50 (2%)
UAI19. Maximum vertical rise on accessible routes (except for elevators,
elevating devices and curb ramps). 6 should be

even
bevel at

1:2 6

UAI20. For a vertical rise between 7–13 mm on accessible routes (except for
elevators, elevating devices and curb ramps).

bevelled
at slope
of up to

1:2

should be
even

bevelled at
slope of up

to 1:2

UAI21. For a vertical rise over 13 mm on accessible routes (except for
elevators, elevating devices and curb ramps).

not
steeper

than 1:12

should be
even

treat as a
ramp

treat as a
ramp, not

steeper than
1:12

UAI22. Maximum rise of a flight of stairs between landings. 13 steps
max. 2500 max.

C1.5. Pavements

UAI23. The floor and ground surfaces are stable, firm and slip-resistant
(all surfaces). yes yes yes yes yes

UAI24. The floor and ground surfaces produce minimal glare (all surfaces). yes yes yes
UAI25. The floor and ground surfaces have a regular pattern that is not
heavily patterned (all surfaces). yes yes

UAI26. Curb ramps have detectable warning surface with color and texture
contrast with adjacent surfaces. yes yes

Different
texture and
luminance

yes

UAI27. Detectable directional and hazard indicators have a color and
texture that contrast with adjacent surfaces. yes yes

UAI28. Gratings in a pedestrian area are in one direction, and placed so
that the long dimension is perpendicular to the primary direction of travel.
Maximum spacing widths.

13 13 10 10

UAI29. Carpet or carpet tile are securely fastened, if any. yes yes not be a
trip risk yes

Table 2. Classification of Urban Accessibility Indicators (UAI) for accessible routes. Category C2: Usability and Handling.

Urban Accessibility Indicators (UAI)
Category C2. Usability and Handling Canada Australia Sweden Spain Best

Practice

C2.1. Location

UAI30. Location of the elements and services
available to users allows for easy and safe use. yes

C2.2. Design

UAI31. Street furniture, interactive machines and
equipment available to users have required
universal design features.

yes

UAI32. Ramps and stairs have the required design
elements and well-designed handrails that are
easily accessible.

yes yes yes yes yes
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Table 3. Classification of Urban Accessibility Indicators (UAI) for accessible routes. Category C3: Wayfinding.

Urban Accessibility Indicators (UAI)
Category C3. Wayfinding Canada Australia Sweden Spain Best

Practice

C3.1. Signage

UAI33. Signage has the required design
characteristics (simplicity, uniform design,
consistently located, colour contrasted with its
background, no glare or reflections).

yes yes yes yes

UAI34. There are no elements obstructing signage. yes

C3.2. Illumination

UAI35. Key areas (including signage) are well
illuminated and have the required technical and
design features.

yes yes yes yes yes

C3.3. Detectable indicators

UAI36. Detectable directional indicators are
provided to facilitate wayfinding in open areas and
to signal a route to be taken, without creating a
tripping hazard.

yes yes

UAI37. Width of detectable directional indicators. 600–800 600–800
UAI38. Detectable hazard indicators are provided to
warn people of upcoming hazards, without creating
a tripping hazard (stairs, ramps, vehicular routes).

yes yes

UAI39. If elements for orientation are available,
these elements are standardized and adapted, such
as tactile-visual or sound plans.

yes

Table 4. Classification of Urban Accessibility Indicators (UAI) for accessible routes. Category C4: Accessible Communication.

Urban Accessibility Indicators (UAI)
Category C4. Accessible communication Canada Australia Sweden Spain Best

Practice

UAI40. Communication is visual, acoustic or tactile,
or their combination, to the extent appropriate. yes yes yes yes yes

UAI41. International symbols of accessibility have
been used. yes yes yes yes

3.1.2. Measuring Compliance with the Set of Accessibility Indicators (KUAI)

KUAI in street segment is defined as:

KUAI = KC1 × (1 + (KC2 + KC3 + KC4)/3), (3)

where KC1, KC2, KC3 and KC4 are the values representing the measure of compliance
with the set of accessibility indicators (UAI) associated with each of the indicator categories
C1, C2, C3 and C4 respectively, in a given street segment.

KUAI in an urban area is defined as the median of the KUAI values corresponding to
the street segments that integrate it:

KUAIarea = {KUAI(N+1)/2, if N odd no.; 1/2 (KUAIN/2 + KUAI(N/2)+1), if N even no.}, (4)

where N is the number of street segments integrated in the urban area.
Next, the calculation equations are defined to obtain the KCi that take the xi,j values of

compliance with the indicators included in each of the categories indicated. In this way, the
KCi values are dependent variables (output) and the xi,j values are independent variables
(inputs) adopted according to compliance or non-compliance with the corresponding indi-
cators. It is only possible to calculate the KCi variables when the xi,j variables have been
successfully identified. The compliance or non-compliance of each of the indicators accord-
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ing to the “best practice” criterion (see Tables 1–4) corresponds to a value xi,j according to
the following function:

f(xi,j) = {0, if UAI indicator is not meet; 1, if UAI indicator is meet}, (5)

• KC1 corresponds to a value according to the following equation:

KC1 = x1,1 × x1,2 × x1,3 . . . × x1,m, (6)

where x1,1, x1,2, x1,3 . . . x1,m, are the values corresponding to the different indicators
included in category C1 according to whether or not these indicators are met.

Category C1 includes KPIs that refer to structural concepts of the urbanization and
configuration of the city that must always be guaranteed in order to consider a segment
or street as part of an accessible route. Therefore, in application of the above calculation
formula, only two values of KC1 are possible: value 1 (if all indicators of the category are
met) and value 0 (if any indicator of the category is not met).

• KC2, KC3 and KC4 correspond to a value according to the following equations:

KC2 = Σj=1Yn x2,j /n, (7)

KC3 = Σj=1Yp x3,j /p, (8)

KC4 = Σj=1Yr x4,j /r, (9)

where xi,j are the values corresponding to the different indicators included in categories C2,
C3 and C4, respectively, depending on whether or not these indicators are met (value 1 if
the indicator is met, value 0 if the indicator is not met).

KC2, KC3 and KC4 are therefore ratios that relate the magnitude representing the
set of indicators that are met in a category to the total number of indicators in the same
category (n, p, r) respectively.

Categories C2, C3 and C4 include indicators that refer to: C2, the location and design
of urban elements; C3, elements (signage, illumination and indicators) for wayfinding
in urban space; and C4, accessible communication systems. In these categories, street
segments can reach different levels of accessibility as they are not, as in the case of category
C1, structural categories. Therefore, in application of the above calculation formula, the
values of KC2, KC3 and KC4 in the interval [0, 1] are possible.

Thus, KUAI can take values in the interval [0, 2] as shown below:
if KC1 = 0⇒ KUAI = 0
if KC1 = 1⇒ {KC2∧KC3∧KC4 = 0⇒ KUAI = 1; !(KC2∧KC3∧KC4 = 0)⇒ 1 < KUAI≤ 2}

3.1.3. Classifying Urban Spaces (Q)

The set of Q-rules defining the classification of urban spaces according to the value
obtained (KUAI) of compliance with the indicator categories is defined as follows:

• If KUAI = 0⇒ the street segment cannot be part of an accessible route unless structural
improvements are made;

• If 1 ≤ KUAI < 2 ⇒ the street segment can be part of an accessible route with the
implementation of non-structural improvements;

• If KUAI = 2 ⇒ the street segment is accessible and is considered to be part of an
accessible route.

3.2. Citizen Participation in the Accessibility Management System (RS)

Following the process, RS is defined as:

RS = Ns/Nr, (10)

where:
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• Nr is the number of requests about accessibility problems that are reported by citizens
to the government responsible for accessibility management.

• Ns is the number of requests received by the responsible government that have been
successfully solved.

RS is therefore the ratio that relates the magnitude that represents the set of requests
reported by citizens that have been dealt with by the responsible government with respect
to the total number of reported requests. In application of the calculation formula above,
RS values in the interval [0, 1] are possible.

As mentioned in Section 2, our research group developed an Urban Accessibility
Monitoring System [72–76]. From the information collected through this system the data
for the RS calculation will be retrieved.

3.3. Effectiveness in Managing Accessibility Issues (E)

In the following, E is defined as:

E = 2 − ((Σi=1→Ns ti/10)/Ns), (11)

where:

• Ns is the number of requests received by the responsible government that have been
successfully solved.

• ti is the response time or action taken by the responsible government to respond to
alerts reported by citizens.

E represents the efficiency of the government’s action to provide a solution to the
requests reported by citizens, considering 10 days as the maximum admissible response
time. In this case, the value of E would be 1. Once this period of time has passed, the value
of E decreases and can reach negative values if the response time is longer than 20 days.
However, if the response time is less than 10 days, the value of E increases and exceeds the
value of 1. The maximum value of E will be 2 if the requirement is solved on the same day
it is reported.

3.4. Urban Accessibility Index (UAIndex)

UAIndex is conceived as a dynamic index that incorporates the evaluation of mainte-
nance and management tasks on a regular basis (RS, E) in addition to the evaluation of the
level of accessibility of urban environments (KUAI). It is an index oriented to the managers
responsible for accessibility, in the calculation of which the users of the city are actively
involved. Unlike other current static indices, it provides up-to-date information on the
level of accessibility as it is calculated on the basis of continuously collected data.

UAIndex is defined as:

UAIndex = KUAI × RS × E, (12)

where, as mentioned above:

• KUAI is the value representing compliance with the set of basic accessibility indicators.
• RS is the value representing the extent to which the requests reported by citizens are

solved by the government.
• E is the value that represents the effectiveness of the government’s action to solve

these requests.

Thus, in the design of UAIndex, RS and E are multiplying factors of the KUAI that
incorporate, to the assessment of compliance with basic accessibility conditions, the dimen-
sion of accessibility management and maintenance. RS and E must be calculated with a
certain periodicity (at least monthly) to provide an updated UAIndex.

Figure 1 shows conceptually the general functioning of the proposed model. In the fol-
lowing Section 4, the functioning and usefulness of the model is explained through examples.
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4. Experimentation and Discussion

As specified in the previous sections, the smart city concept requires both citizen
participation and public administration to respond to citizen requirements in terms of
accessibility. Beyond urban planning and compliance with regulations, public adminis-
tration faces the great challenge of managing accessibility from a dynamic perspective
that changes over time. The management of the smart city allows knowing, and therefore
addressing, the real complaints of people with reduced mobility in an operational way,
avoiding isolated actions. Given this, this section shows by way of example how the
proposed management method, based on indicators, channels the citizens’ interaction with
the public administration in a prolonged, constant and ubiquitous manner. Through the
method it is possible to identify both accessible routes in the consolidated city and routes
that have temporarily ceased to be accessible. These accessible routes are the result of the
fulfilment of indicators in consecutive segments of the same street.

The following shows the experimentation carried out and how the conceptual model
works. For better understanding, the routes studied in a real consolidated urban environ-
ment have been related in a specific example. In the example (Figure 2), various routes have
been identified, which are typically associated with a particular service. In this case study,
a school has been selected as a starting point, together with some of the routes commonly
associated with this use, such as cultural activities (study academies, language schools or
libraries and study halls) and sports activities for children that are usually carried out at
the end of the school day. Likewise, the route to nearby parks has been included as it is a
widespread habit after picking up children from school.
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Figure 3 shows the routes from the school as a point of origin to destinations D, which
correspond to the nearby parks D1, D2, D3 and D4. All the routes marked in green are
made up of various accessible segments.
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Initial assessment.

Firstly, it is verified that all street sections comply with the KPIs included in category
C1 (Table 1) that refer to structural concepts of urbanization and city configuration. Com-
pliance with the 29 KPIs included in this structural category must always be guaranteed
in order to consider a segment or street as part of an accessible route. In this case, all x, i,
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j values of compliance of the indicators correspond to the value 1 according to function
(5). Therefore, for all studied street segments, in application of the calculation Equation (6)
results KC1 = 1.

The values KC2, KC3 and KC4, corresponding to categories C2 (Table 2), C3 (Table 3)
and C4 (Table 4), are then calculated according to the calculation Equations (7)–(9) respec-
tively. For these non-structural categories the values can range from 0 to 1. For these
categories different values are obtained for the studied street segments. Five of the seg-
ments meet all the indicators, so the values of KC2, KC3 and KC4 correspond to value
1 (marked in green). However, in one of the segments studied (marked in orange) there
are elements that obstruct signage and the use of a litter bin that is part of the street fur-
niture. These problems affect categories C3 (UAI34) and C2 (UAI30) respectively, with
values x, i, j = 0 for one of the indicators included in each of these categories. Therefore, the
KUAI value of the different segments is as shown in Table 5 according to the calculation
Equation (3).

Table 5. KUAI value of the different segments in the urban study area. Initial assessment.

Street Segment KC1 KC2 KC3 KC4 KUAI

S1, S2, S3, S4, S5 1 1 1 1 2
S6 1 2/3 6/7 1 1.84

Urban area (median) 2

Thus, segments S1, S2, S3, S4 and S5 reach maximum values of KUAI, while segment S6
reaches a lower value of 1 < 1.84 ≤ 2. The model considers that only segments S1, S2, S3, S4
and S5 can be part of accessible routes. However, the model also considers that segment S6
can be part of an accessible route with the implementation of non-structural improvements.
Based on this information, managers responsible for accessibility management can identify
the improvement actions that need to be addressed.

Based on this initial assessment of accessible routes, the proposed model allows the
maintenance of this urban environment’s accessibility conditions in a real and truthful
way through the incorporation of citizen dynamics and the response of the government
responsible for managing accessibility. The management model is based on the continu-
ous evaluation of both accessibility conditions and the response capacity of accessibility
managers to address the problems identified.

The assessment of accessibility conditions is carried out on an ongoing basis by the
citizens themselves who are users of the city. The capture of urban accessibility diagnoses
in a specific segment is made from the claims reported by citizens through the mobile
application that is part of the Urban Accessibility Monitoring System developed by our
research group. A general overview of this system and the prototype of the application
can be found in authors’ previous publications [72,74]. The system facilitates both monitor
of real-time as well as the dynamic acquisition of information about accessibility. At the
same time, it allows to monitor the efficiency of pre-planned accessibility actions. The
core functionality of the application is the complaint management system. It includes an
intuitive interface to collect in real time citizens’ claims and complaints about difficulties
encountered while using it on their path (Figure 4). Thus, the application allows users
to become active participants in the city’s management and governance processes. By
sending a photograph of the place and entering a description of the problem via text or
voice message, the system automatically indicates the location. In this way, through the
application, citizens can create an interactive map of incidents that can be shared by the
administration and other affected citizens. Citizens will have in real time the status of the
incidents that are in process, resolved or rejected. In addition, once the request has been
resolved, citizens can indicate their degree of satisfaction with the actions taken.
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The participatory management model is designed so that claims reported by citizens
on a specific street segment affect the complete route that integrates that street segment.
Consequently, the routes that in a first assessment have been considered accessible (marked
in green in Figure 2) would dynamically evolve to orange or red depending on the nature of
the claims and their relation to compliance with the indicators for accessibility assessment
included in each of the established categories.

Figure 5 shows an example of the temporal evolution of one of the studied routes to
an inaccessible state. Due to various factors related to the construction of a new building
(installation of scaffolding, construction site huts and containers), the public road has
been occupied invading the sidewalks adjacent to park D1. This claim, whose nature
is integrated into the structural category C1 in the classification of indicators, has been
reported by several citizens. These claims lead to a recalculation of the KUAI for the
segment (S1). As it does not comply with all the KPIs included in the C1 category, the
new KC1 value corresponding to the segment is KC1 = 0 and therefore also the KUAI
value = 0. This segment could not be part of an accessible route so it is shown in red, and
would require the attention of the administration and its response capacity to be restored
back to green. This would be seen by local governments, which would be able to take
actions for an efficient and immediate management to restore the street segment to its
initial accessible state.

Likewise, Figure 5 shows an example of an incident at a specific point. The illumina-
tion in part of one of the segments (S3) has stopped working properly and citizens have
reported it through the application because they consider that it affects the accessibility
conditions of the segment. The problem affects the indicator category C3 (UAI35). As this
claim is not of a structural nature, when the corresponding KUAI value is recalculated,
this value only decreases, resulting in 1 < KUAI ≤ 2, which temporarily regress the street
segment to orange (S3). This section could be returned to an accessible route without too
much difficulty, if the implementation of non-structural improvements is carried out. The
automatic visualization by the public administration of the problem would enable strategic
and effective decision making on the affected sections and connections to nearby services.
Since the first evaluation of the different segments, the KUAI values have changed as
shown in Table 6.
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Table 6. KUAI value of the different segments in the urban study area. New assessment.

Street Segment KC1 KC2 KC3 KC4 KUAI

S1 0 1 1 1 0
S3 1 1 6/7 1 1.95

S2, S4, S5 1 1 1 1 2
S6 1 2/3 6/7 1 1.84

Urban area (median) 1.975

Following the process, it is possible to calculate the values of the RS and E factors for
the urban area studied. RS is the ratio that relates the magnitude that represents the set of
requests reported by citizens that have been dealt with by the responsible government with
respect to the total number of reported requests. In the example, we estimate that citizens
have reported a total of seven claims and that, of these, at the time of the calculation of the
factors, only three have been dealt with by the administration. E represents the efficiency
of the government’s action to provide a solution to the requests reported by citizens.
All the claims have been solved by the administration in a period of less than 10 days.
Table 7 shows the values obtained for the RS and E factors according to the calculation
Equations (10) and (11). Finally, it is possible to calculate the value of UAIndex in the
studied urban area from the obtained values (KUAI, RS, E) by applying the corresponding
calculation Equation (12). In the urban area studied, the obtained value UAIndex = 1.1
is lower than the value KUAI = 1.975, which means that the management of accessibility
problems carried out by the administration has been penalized with respect to the overall
assessment of compliance with accessibility indicators. Although the response time of the
administration can be considered efficient (less than 10 days), a high number of claims
reported by citizens have not yet been dealt with. The proposed model, focusing on the
assessment of accessibility management, has served to highlight this important issue.
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Table 7. Calculation of the KUAIndex value in the urban study area.

Street
Segment KUAI

No. Claims (Nr)
Reported by

Citizens

No. Claims (Ns)
Dealt with by the
Administration

No. Days (t)
Required to

Attend to Claims
RS E UAIndex

S1 0 2 0 -
S3 1.95 1 0 -

S2, S4, S5 2 2 2 7
S6 1.84 2 1 7

Urban area 1.975 7 3 3/7 2-(7/10) 1.1

5. Conclusions

Accessibility management in smart cities takes on a key role in the consolidated urban
areas of existing cities, where accessibility management goes beyond urban planning
and constitutes an important area for improvement in existing environments. However,
there are currently no universal design criteria to assess basic accessibility conditions in
consolidated urban environments at the international level.

As a consequence, this research focuses on the contribution to this issue in order
to establish global criteria for accessibility management that takes into account the real
problems of people with reduced mobility. Therefore, the present paper proposes a method
of urban accessibility management based on indicators, which provides an index of accessi-
bility in cities to ensure the improvement of accessibility conditions in existing spaces. The
proposed model establishes four essential actions as categories that include several subcat-
egories for the determination of accessibility indicators in urban environments: Walkability
(in relation to movement), Usability and Handling (in relation to Grasping), Wayfinding
(in relation to location), and Accessible communication (in relation to communication). For
each of the categories and subcategories, various indicators of accessibility in consolidated
urban environments have been defined and selected so that they can be applied globally for
the evaluation of accessible routes in consolidated areas, as a complement to the application
of specific regulations in each country.

Likewise, the model allows the identification and maintenance of accessible pedestrian
routes through the continuous monitoring and evaluation of their efficient functioning by
means of citizen participation. In addition to citizen dynamics through new technologies,
the proposed method allows communication between citizens and the administrations
responsible for improving accessibility in cities to ensure the creation and maintenance of
accessible routes in compliance with the accessibility index. In short, the proposed model
provides services to the local administration for efficient decision making and better use
of resources, consolidating the concept of a smart and inclusive city in a participatory,
dynamic and constant way over time.

As main limitations, in order for the application of the model to provide results and
be a useful management tool for the administration, it is necessary to increase citizens’
awareness of the importance of their participation in the management of the city. Greater
participation allows the management tool to operate more efficiently. In this sense, one
of the main difficulties is regarding data security. This is why the application used for
the accessibility claims report does not require users to provide any personal data, only
if they voluntarily choose to do so, such as age or type of disability. The administration
must also engage in this type of more transparent e-government. The operation of the
model shows the effectiveness of the administration’s management, and city managers are
not always willing to have the management carried out, assessed. On the other hand, the
model presented can be enriched with the more efficient automation of some of the tasks,
such as the systematic evaluation and verification of the compliance with some indicators.
In this line, future research by the authors is proposed, as well as the development of
specific cases of application of the model on a larger scale (in vulnerable neighborhoods in
cities, primarily) in collaboration with other institutions and administrations responsible
for accessibility management in these cities. Raising awareness among academics, urban



Sustainability 2021, 13, 8323 19 of 22

planning professionals and city managers about the potential of these new ICT-based
methodologies is essential for research to have a real impact on society.
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