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Abstract: In recent years, accessibility has become a topic of great interest on a global scale across
the scientific, business, and policy sectors. There are two primary reasons for this growing trend.
Firstly, accessibility serves as a vital indicator reflecting the social performance of communities, and
the public is increasingly aware of critical social issues such as accessibility. Secondly, accessibility
is essential for the sustainable development of regions and civil settings, facilitating inclusion and
business growth. In this regard, information and communications technologies can play a crucial
role in facilitating the accessibility of spaces by disabled people. Numerous digital tools and smart
applications are already available to serve this purpose. This study presents a novel digital tool called
‘Seek & Go’, a comprehensive aid application designed specifically for disabled individuals. The app
features a GPS navigation system that caters to pedestrians with disabilities and unique accessibility
requirements. The present study documents the models underlying the development of ‘Seek & Go’,
discusses technical aspects of the application, and presents user experience insights.
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1. Introduction

Citizens within a society, regardless of their physical or mental abilities, often en-
counter social exclusion, with a prominent form being the denial or non-realization of
citizenship rights [1]. Territorial factors and especially accessibility (i.e., transport, commu-
nications) are fundamental in comprehending social exclusion in modern societies [1]. To
this effect, limited accessibility features and amenities, particularly in urban environments,
could lead to the marginalization or mobility-related social exclusion of individuals with
physical impairment [2—-4].

The term “accessibility” denotes the features of an environment that allows all citizens,
without any discrimination (e.g., age, gender), to be able to use and access the infras-
tructures [5] independently, comfortably, and safely. In the latter context, infrastructure
refers to digital and physical counterparts (i.e., conventional and electronic installations).
Indicatively, accessibility is pertinent to public infrastructure and spaces, transportation
means, communication, signage, services, and goods [4,6]. In this vein, accessibility is an
overarching concept affecting most aspects of everyday life.

Overall, accessibility implies that physical and digital infrastructure are specially
designed and managed so that all society members can access and use it in a safe and
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comfortable manner [7-9]. Accessibility also implies the proper design and analysis of
all structures and facilities so that individuals can autonomously access them, ensuring
mobility across infrastructure networks.

Accessibility is fundamental for structured environments, allowing the inclusion of
citizens by enabling access and usage of buildings, facilities, and public spaces [5]. Within
urban environments, accessibility must ensure an individual’s participation in social and
economic activities [7], regardless of any form of limited autonomy (e.g., children, older
adults, and disabled people). Ensuring that all citizens are provided with the same and
equal opportunities to move and access urban environments, public participation can be
achieved, and social inclusion for all can be ensured. An individual’s participation in
society is intimately associated with the human right to social integration and identity, a
certain standard of living, and respect [10].

Internationally, communities around the globe have recognized the significance of
accessibility for the last three decades. Notably, Article 9 of the UN Convention on the
Rights of Persons with Disabilities coins the concept of accessibility, advocating that,
“... States Parties shall take appropriate measures to ensure to persons with disabilities access, on an
equal basis with others, to the physical environment, to transportation, to information and communi-
cations, including information and communications technologies and systems, and to other facilities
and services open or provided to the public, both in urban and in rural areas” [11]. Specifically, the
U.S. Access Board updated the design guidelines that cover access requirements of facilities
for people with disabilities under the Americans with Disabilities Act [12]. In Greece, the
New Building Code/Regulation (Law 4067/2012) mandates that new building permits are
accompanied by an accessibility study, while existing facilities must be modified to ensure
accessibility to disabled people [13].

In this regard, most organized communities have introduced standards, necessary
provisions, and special design rules on accessible infrastructure. The latter has been recog-
nized as an essential element towards sustainable regional development, as accessibility
improves individuals” quality of life and makes urban environments more habitable [14].
Societies’ inability to effectively tackle barriers, design effective social policies, and provide
training to foster accessibility is inextricably linked to poor urban planning and inade-
quate infrastructure development strategies [5]. Subsequently, disabled people become
vulnerable to escalating inequalities.

2. Accessibility Needs in Urban Environments
2.1. Accessibility Requirements

Urban environments shape the living conditions of people with disabilities and signifi-
cantly influence the extent of their deprivation and social exclusion [15]. Inaccessible urban
environments and poorly designed infrastructure further intensify the accessibility chal-
lenges encountered by disabled people, as they create barriers that prevent an individual’s
integration within society, e.g., by hindering peoples’ participation in social, professional,
political, and cultural events [16]. Indicatively, people with mild to severe hearing loss
who visit creative spaces (e.g., museums) could find translation services helpful; the un-
availability of such services limits the participation potential of disabled people, leading
to alienation or exclusion. In a similar vein, individuals who use wheelchairs for their
mobility within public buildings require accessible elevators or ramps. Furthermore, people
with blindness and visual impairment need signage information in healthcare units (e.g.,
hospitals) or identifiable and comprehensible safety instructions during transportation (e.g.,
airplanes); however, Braille versions of instructions/leaflets might not be available.

For an environment to be considered accessible, it must cater to the unique needs of all
disabled individuals. This includes ensuring their ability to move independently, providing
equal access, and enhancing their overall quality of life [17-19]. It is important to note that
there is no single solution that can meet the needs of everyone, as each person’s needs are
different and must be accommodated for accordingly [20].
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2.2. Mobility Obstacles in Urban Environments

Disabled people often encounter challenges in various aspects of their daily lives,
including accessibility to public and private spaces, healthcare services, information and
communication, education, employment, culture, leisure, and transportation. Despite
progress in recent years, evidence from the literature suggests that people with disabilities
still encounter obstacles related to physical infrastructure, technology-based amenities,
and architectural elements [16]. Examples of such barriers include inadequate traffic de-
marcation systems, lack of accessible sanitary facilities, insufficient emergency escape
infrastructure, poorly designed ramps with steps at the end, and the misplacement of blind
guides and other equipment. Such issues can be further compounded by inaccessible user
manuals. First, individuals with mobility-related disabilities require specific accommoda-
tions to navigate their surroundings safely and comfortably. For instance, in outer spaces,
sidewalks may lack sufficient signs, while barriers such as illegally parked cars and the
presence of coffee shop furniture can impede the free movement of people. Moreover,
accessing buildings can be a challenge for those who require wheelchair assistance due to
narrow entrances. Accessibility barriers are also common in internal spaces. For example,
it is necessary for building corridors to have smooth surfaces and sufficient crossing width,
with distinct and easily recognizable boundaries. Additionally, smooth, non-slip flooring is
essential to prevent accidents [17], and ramps, accessible elevators, and sturdy handrails
on stairs are essential for ease of movement. Specifically, elevators may not offer sufficient
space, and the control buttons could be inconveniently placed (e.g., at a high height). It is
also important to ensure that toilets and bathrooms are equipped with appropriately placed
fixtures and handles, and that clear, eye-level markings facilitate easy identification [21].
By prioritizing these accommodations, a more inclusive and accessible environment for all
individuals can be created.

Second, people with visual impairments heavily rely on auditory and tactile stimuli
to navigate their environment. However, they often encounter significant challenges in
communicating, receiving information, and utilizing equipment, devices, and aids [22].
Traditional forms of visual communication, such as printed materials and signage, can
significantly limit accessibility for individuals with visual impairments. In particular,
signage in Braille format or tactile structures should be present throughout spaces, with
large fonts, strong color contrasts, and adequate lighting, while maintaining simplicity and
clarity [23]. It is crucial to ensure that communication and information are accessible to all
individuals to promote inclusivity and equal access.

Third, individuals with hearing impairments often rely heavily on visual stimuli to
supplement their understanding of information, particularly when audio systems are the
sole means of communication. This can pose challenges in situations where additional
visual information is not readily available. To address the specific needs of those with
hearing impairments, environments with optimal acoustics are necessary [24]. Additionally,
the use of sound aids and specialized equipment that facilitate alternative communication
methods can greatly enhance the daily activities of this population.

From an alternative point of view, a lack of adequate infrastructure and assistive
technologies can inhibit the social participation of people with sensory impairments or
learning disabilities, such as attaining museum experiences [25]. Notably, exploring a range
of clinical, developmental, social, and environmental factors to facilitate the accessibility
of disabled children (e.g., with visual impairment) to sports activities, physical exercise,
and leisure is important for promoting emotional well-being and social connectivity [26].
Following the Article 30 of the UN Convention on the Rights of Persons with Disabilities
that supports the need to ensure accessibility of cultural goods, services, and heritage,
barriers and facilitators to cultural participation have been classified under five categories,
as follows: (1) lack of effective/adequate legislation, policies and legal standards; (2) lack
of funding and/or of adequate services; (3) negative attitudes; (4) lack of accessibility;
and (5) lack of consultation with, and involvement of, persons with disabilities in cultural
organizations [27].
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Overall, accessibility hindrances are associated with deficiencies and weaknesses in
elements such as buildings, indoor-outdoor spaces, equipment, and service systems, in
both rural and urban areas [21]. Planners need tailored tools and effective guidance to
design spaces accessible to all people. In order to achieve optimal results, it is imperative
to acknowledge the vital role that information and communications technologies, as well
as digital tools, can play in this endeavor [28]. Furthermore, to best support individuals
with disabilities, it is important to have specialized and well-trained staff available to
accommodate their needs.

3. Accessibility Measures for Disabled People

The identification and accommodation of accessibility issues can be a complex and
nuanced process, often requiring a profound understanding of the relevant considerations.
As such, it is imperative that planners possess the requisite knowledge and expertise to
effectively recognize and address these challenges in a thoughtful and comprehensive
manner. This research delves into the topic of facilitating access for disabled individuals to
urban spaces, with a specific emphasis on measures documented in the literature. A critical
taxonomy of this literature revealed a comprehensive list of thirty-one measures, which
can be categorized into three distinct clusters based on their scope. These clusters include
the following: (i) space infrastructure, (ii) building infrastructure, and (iii) awareness
initiatives. Table 1 provides a comprehensive list of these measures and initiatives that

have been recognized.

Table 1. Measures/initiatives for ensuring accessibility to people with disabilities.

Scope Measure/Initiative Source(s)
1. Outdoor areas and sidewalks accessible for disabled people [29-31]
2. Outdoor ramps [29-32]
3. Accessible public sanitary facilities [30,32]
4. Signage and markings with accessibility information [30,33]
Space Infrastructure 5. Routes with integrated blind guide [34]
6. Absence of temporary obstacles from sidewalks [30,32,34-37]
7. Public parking spaces for disabled people [29-31]
8. Walking routes for disabled people [38]
9. Audible signals on pedestrian crossings [34,39]
10. Public transport accessible by disabled people [34,37,40]
1. Parking spaces exclusively for disabled people [29-31]
2. Communication systems for disabled people (e.g., SMS, e-mail, subtitles, audio systems) [33]
3. Accessible signage inside buildings and in surrounding areas [30,32]
4. Accessible entrance [31,41]
L 5. Accessible route and escape (e.g., blind guide, touch paths) [33,36,42]
Building 6. Accessible sanitary facilities [30]
Infrastructure 7. Accessible services [43]
8. Accessible fixed equipment (e.g., reception and transaction counters) [31,32]
9. Accessible means for covering altitude differences (e.g., elevators) [32]
10. Proper lighting for disabled people [44]
11. Proper coloring of selected building points for disabled people [42,44]
1. Public awareness campaigns [45]
2. Staff training [37,40,45]
3. Accessible web portals in organizations [30,46]
4. Tourist guides for disabled people [39,46]
I 5. Smart applications for disabled people [39,45]
Awareness Initiatives 6. Public events for raising disability awareness [40]
7. Maps with accessible facilities and points of interest in each regional setting /authority [34]
8. Information office for the disabled people in each in each regional setting /authority [34]
9. Multimedia for disabled people (e.g., videos in sign language) [39]
10. Accessible information material and forms [37,40]
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4. Tool Development for Auditing Accessibility

A multitude of digital applications exist that have been created to aid disabled individ-
uals. Due to the importance of accessibility in smart cities, the market for such applications
continues to expand. As part of our research on accessibility in urban areas, we have
developed the ‘Seek & Go’ application.

‘Seek & Go’ aims to be a comprehensive assistive application to aid individuals with
disabilities. Towards this goal, collecting information regarding accessibility is a primary
concern. The collection of data to identify potential accessibility issues is carried out by
a dedicated experts’ team which is trained on using the application developed as part of
this research. The prospective goal is to allow citizens, store owners, volunteers, and other
interest groups, to add their own data directly. The collected data could be used by third-
party applications (e.g., mobile apps offering routing features focusing on accessibility),
and end users (e.g., people with disabilities, wheelchair users, users with baby carriage).
The ‘Seek & Go’ application was developed as part of the “Digital Products and Services
for Accessible and Safe Mobility of Senior and Disabled Tourists and Citizens in Greece”
project (acronym: ‘Seek & Go’), funded by the European Regional Development Fund of the
European Union and Greek national funds via the Operational Program Competitiveness,
Entrepreneurship and Innovation, under the “Research—Create—Innovate” call. The
project was a collaborative effort between the following parties: (i) MLS Multimedia S.A.,
a software company based in Thessaloniki, Greece; (ii) the Department of Informatics &
Telecommunications at the University of loannina; and (iii) the Department of Supply
Chain Management at the International Hellenic University.

It is important to note that the consortium worked closely with the National Confeder-
ation of Disabled People, a leading umbrella organization representing the disability and
chronic disease patients’ movement in Greece. This collaboration helped the research team
better understand the unique needs and requirements of individuals with disabilities.

The ‘Seek & Go’ partnership boasts a wealth of multi-disciplinary expertise and
extensive experience in its field. Through this project, the partnership envisions to develop
innovative solutions that will enhance the capacity of both private and public entities
to better serve disabled people in a more effective and competitive manner. Specifically,
the “Seek & Go’ project focused on addressing the unique requirements of persons with
disabilities or limited mobility, including senior citizens and expectant mothers [47].

A key result of the project was the ‘Seek & Go’ application that features a GPS naviga-
tion system specially designed for disabled pedestrians with special accessibility require-
ments [40]. The project at hand was centered around promoting mobility while adhering to
the “Design for All” principles and the widely acknowledged accessibility standards. A
key component of the initiative involved gathering georeferenced accessibility data in the
two largest urban centers in Greece, i.e., Athens and Thessaloniki. Moreover, the project
consortium committed to laying the groundwork for achieving nationwide coverage in
Greece post project.

Through meticulous on-site inspections, experienced evaluators and consultants con-
ducted assessments of streets and landmarks within the designated study area [47]. Upon
completion, the ‘Seek & Go’ application could act as a catalyst for enhancing the mobility
of citizens with disabilities in Greece, while simultaneously elevating the country’s global
branding as a distinctive, accessible destination. The auditing process plays a crucial role in
ensuring the efficient and seamless operation of the application. With this objective in mind,
the development of the ‘Seek & Go” application was accompanied by the implementation of
a specialized auditing tool, which was specifically designed to support this initiative [48].

5. Technical Approach

In the subsequent sections, we present the technical aspects of the ‘Seek & Go’ digital
application in terms of architecture and functionality.
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5.1. Architecture

The development of the ‘Seek & Go’ application followed the microservices’ design
approach, comprising three distinct and independent layers. This approach ensured that
each layer could be deployed and scaled independently, with fewer dependencies, resulting
in simpler maintenance, quicker updates, and a more transparent communication interface.
In addition, the application was implemented as a Progressive Web App, utilizing Service
Workers as a virtual proxy between the browser and the network in order to support offline
use. This feature is particularly essential since the application is primarily intended to be
used while on the move. The ‘Seek & Go’ conceptual architecture is illustrated in Figure 1,
demonstrating the three separate layers that make up the overall application, i.e., front-end,
back-end, and storage layers.

@
Front-end . React-based web application
Layer
Endiuser “
[
Back-end Node based server Survey management
Layer side core application mechanism
. . Survey creator expert
ORM queries Local storage queries
A ,* k‘
’ A}
A
v ! '
_ - A A
Replica Node
Storage D .
g = <
Layer — \—/-
S~~~ v Local st dat Accessibility oriented
\\—’, ocal storage survey data questionnaires

NoSQL application
database cluster

Figure 1. ‘Seek & Go’ architecture.

The front-end layer is composed of the following elements: (i) the user interface (UI),
(ii) the application programming interface (API) for fetching data from the server and the
local storage, and (iii) the survey dispatcher for handling data synchronization among the
local storage and the remote database. The survey dispatcher is based on the following:

React, a JavaScript library for building user interfaces [49].

Google Maps JavaScript API [50].

Turf, an advanced geospatial analysis library [51].

Chakra-U], a simple, modular, and accessible component library that provides accessi-
ble building blocks to build React applications [52].

e  Surveyjs, a set of open-source JavaScript libraries to dynamically build surveys and
forms dynamically [53].

The back-end layer is a server-side application that handles the business logic, in-
cluding the following: (i) user management, (ii) authentication, (iii) handling of privileges
and rights, (iv) database communication, and (v) defining API endpoints following the
Open API 3.0 specification for describing, producing, consuming, and visualizing RESTful
web services [54]. The underlying technologies of this layer are as follows: (i) Nodejs, a
JavaScript runtime [55], and (ii) Feathers.js, a robust framework designed for the creation
of both real-time applications and REST APIs [56]. Additionally, Survey Creator, which is
a component of Survey;js, is an excellent tool for the assembly of various questionnaires.
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These questionnaires can be linked to graphical entities such as obstacles, pavements,
crosswalks, points of interest (POIs), and others on the map, providing a comprehensive
overview of the area under investigation.

The ‘Seek & Go’ application has a storage layer that utilizes MongoDB [57], a cross-
platform document-oriented database, which is classified as a NoSQL DB. All data pro-
duced by the application are in the form of JSON documents with the appropriate schemas.
These documents are validated by the Mongoose [58] object model library in the back end.
The implementation of this layer relies on MongoDB Atlas Clusters hosted in Amazon Web
Services, which ensures maximum scalability and expandability. Additionally, automated
DB replicas guarantee zero downtime service.

5.2. Handling Offline Content

The ‘Seek & Go’ application is designed and implemented to facilitate concurrent
usage by multiple users who have installed it on their tablet or smartphone with the
appropriate screen size. Notably, the implementation of the ‘Seek & Go” application takes
into account the possibility of unstable internet connectivity, such as when users enter
underground parking lots, buildings, or elevators. Moreover, such a design feature ensures
access to users who may encounter internet connection issues due to economic or other
social complications, thus enabling them to engage in the process and upload to the system
when they obtain access to free or unlimited Wi-Fi.

In this light, the ‘Seek & Go’ application has been engineered to function even without
internet access, utilizing a progressive web app approach, which employs smart caching
and the browser’s local storage to maintain collected data. Additionally, a mechanism for
continuously monitoring content updates was introduced to ensure that local data remain
in synchronization with the central database.

In the event of connectivity issues, users may experience a lack of synchronization
of their collected data. However, through the use of the ‘Seek & Go’ application, users
can store and take photos offline, with the ability to upload them to the server either as a
batch selection or per survey on demand. It is important to note that special management
is required for the handling of photos locally and offline. To comply with local storage
limitations, photos are encoded to a Base64 sequence on the fly. Upon upload to the server,
the photos are decoded to their original binary form and stored as JPG image files. This
transformation process also helps to reduce the actual size of the photos in terms of bytes
on the server. Additionally, public links to the uploaded images are available in various
resolutions, including thumbnail, medium, and original.

One limitation of the current version of the application implementation approach is
the challenge of supporting high-resolution images generated by advanced mobile cameras,
which is predominantly determined by device specifications. To mitigate the issue of
handling extremely large photos without encountering memory errors, particularly on
low-end devices, users may opt to choose a lower resolution in their camera settings
or frequently synchronize and then clear the local storage of their devices after each
synchronization. Experienced users can only delete local storage through the front-end Ul
as an additional security layer against unintended data loss.

6. User Experience

One of the primary challenges in completing surveys that require geolocation in-
formation is matching questions with identifiable entities on a map correctly. This can
be a particularly arduous task when using traditional paper-based surveys. Even with
electronic surveys that offer maps, the geolocation capabilities are typically limited to a
single point, marked by a pin or, at best, an area defined by a polygon on the map. ‘Seek &
Go’, however, offers a unique solution that significantly improves the user experience and
provides increased functionality [48]. Based on usability testing and cognitive walkthrough,
the development team identified, in the early stages of the implementation, usability issues
that mainly concerned difficulties in handling the UI from small tablets. For this reason,
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the application focused on a tablet-first design, meaning higher tolerance on tap preci-
sion, smart drag and drop of the graphical elements on a map (e.g., pedestrian crossings,
obstacles), which allows automatic placement to the correct position (sticky elements),
introducing serializable actions for connecting segments only by tapping consequently
buttons or graphical elements (such as sockets and plugs) and connecting entrances to
segments via a single tap as the application calculates the nearest point and finds the closest
element (i.e., pavement or pedestrian road) automatically.

Users are provided with clear guidance on selecting the appropriate entity from a
range of options, including street segments, POls, segment connections, and POI/entrance
connections. Upon making a selection, users are presented with simplified steps on the
screen that facilitate the drawing of the area of interest by tapping on the map. To optimize
the user experience, the application utilizes simple trigonometric calculations, leveraging
the Turf library to restrict the movement of the drawing elements. This is particularly
useful when users are interacting with the UI from a touch screen. The Ul is thoughtfully
designed to display relevant, simplified information based on the selected entity. To ensure
that users adhere to appropriate rules, the application imposes additional restrictions to
prevent undesirable actions, such as adding a pedestrian crossing where no two opposite
pavements are defined in the working segment. An indicative screenshot of the application
is shown in Figure 2 displaying a selected segment entity. The screenshot shows the
currently unanswered surveys that correspond to the selected entity on the map, helping
users to better identify missing input. In this specific example, the user has to complete
surveys for two sidewalks, four obstacles, and three pedestrian crossings.

July Friday at 09:29

Add / Edit...

(i ] Display state

You are in view mode. Select an entity on the map to see
details or press the "Create" button and select the type of
entity you want to create

ENTITY CONDITION ENERGY

Sidewalk A
Sidewalk A

Sidewalk barrier A1
Sidewalk obstacle A - 1

Sidewalk barrier A2
+ Sidewalk obstacle A - 2

Sidewalk entrance A1
Sidewalk entrance A - 1

Tuvtopebosic MAnKTpoAoyiou  ©2023 Map Data  Terms of use  Avapopd opdApatos xapTn Sidewalk B
Sidewalk B
Created by: itsam@iti.gr , updated by: itsam@iti.gr
Sidewalk entrance B1
ID: 627d2639bffaf301deed9196 Sidewalk entrance B - 1
Created: 12.05.2022 18:22

Last update: 19.05.2022 16:30 Passage 1

Passage - 1

Passage 2
Passage - 2

Passage 3
Passage - 3

Figure 2. Screenshot of the ‘Seek & Go’ application highlighting a selected segment with its corre-
sponding list of surveys remaining to be completed (marked in red). For better understanding, the
text is auto-translated from Greek (except names of the streets which are shown in Greek as provided
by Google Maps), and it might contain inconsistencies and grammatical and/or syntactical errors.

Each entity featured on the map corresponds to a distinct survey, which has been
designed to gather pertinent accessibility information. Specifically tailored questionnaires
have been developed for each of the four major entities, namely street segments, POls, segment
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connections, and POI entrances. The questionnaires capture all requisite accessibility details,
including information for obstacles and ramps on pavements, accessibility infrastructure in
buildings, slope angles, opening widths, and unique signaling for the visually impaired.

From the UI perspective, selecting a survey highlights its corresponding element on
the map while emphasizing their relationship. Additionally, dynamic rules are applied
within the surveys based on user responses. For example, when a wheelchair ramp is
available, supplementary questions relating to the ramp are added. To enhance the user
experience, individuals can directly insert specific questions and photos from their camera
or photo library, eliminating the need to switch between screens. The survey provides a
comprehensive map overview, highlighting the selected entity for ease of reference. This
allows users to quickly locate the relevant element among segments, pedestrian roads,
crossings, pavements, obstacles, entrances, and POls.

From the UX perspective, the filled surveys are stored locally, enabling instantaneous
saves without waiting times for uploading everything on the server. Uploading is triggered
on demand when users have fast internet access. This offline-first design allows for better
flexibility as it enables users to identify missing input, provides better performance, and
promotes data resiliency because it reduces the risk of data loss.

Additionally, the ‘Seek & Go’ application offers a key feature whereby the various
entities are interconnected, forming a graph for calculating alternative accessible routes
from point X to point Y on a map (Figure 3). Users can define multiple entrances to POIs
and connect different segments by pavement or pedestrian road through an intuitive and
user-friendly Ul, utilizing icons and visual aids. This enables the calculation of alternative
paths, such as utilizing a nearby pedestrian crossing when an obstacle blocks the entrance
of a POI for wheelchair users on one side of the road.

July Friday at 09:29

!
,." Seek and Go Register Mission

o m
Annulment

0 Display state

Select two segments on the map to
create a new connection or edit an existing
connection

Q
4%0%

+

Iuvtopedoeic Rk TpoAoyioy  ©2023Map Data  Terms of use  Avapopd opdApatos X4pTn

Figure 3. Tap-friendly Ul interaction for connecting segments using self-explanatory icons such as
sockets and plugs (map pin #1). POI containing two entrances connected to different segments (map
pin #2) and pedestrian crossing connecting two opposite pavements (map pin #3) are also displayed
graphically on the screenshot.
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The ‘Seek & Go” application does not incorporate routing calculations in its functions.
However, it enables data sharing through its API to third-party systems, which can utilize
the collected information to propose alternative access routes and determine the most
optimal one based on the user’s specific requirements, priorities, or preferences. Further-
more, ongoing application developments encompass advanced analysis and programming
methods for creating maps with higher spatial resolution [59].

7. Models and Document Schemas

The ‘Seek & Go” application facilitates two primary types of JSON-driven models. The
first model pertains to survey schemas, which are generated using the Survey Creator—a
visual designer that enables experts to devise surveys and forms. The Survey Creator
produces a survey configuration in JSON format, which can subsequently be used by the
Survey]S library to exhibit the survey within the application. While it is not possible to inte-
grate the Survey Creator into the ‘Seek & Go” application, its results (JSON configurations)
can be utilized with the open-source Survey]S library. Initially, the application provided
support for eighteen surveys, encompassing restrooms, staircases, bus stops, obstacles,
pedestrian crossings, and pavements, among others. Across the various survey types, more
than four hundred questions could be defined. Each JSON configuration is converted
into a contemporary form that supports rules based on user responses. The application
corresponds to the graphical element (e.g., pedestrian crossing with the corresponding
survey). Example surveys are featured in Figure 4.

23 Single steps (or other raised areas/spaces). more than 2 cm high. obstructing
wheelchair access/passage ated on movement routes

s a different color. offering a high
contrast with the walls and other surfaces

(0]

General elements

1 Title

2. Photo of the crossing (general)

2515 there some form of assistance./guidance for the blind (eg. floor relief,
handrails or similar)

©

Figure 4. Every survey is the rendered output of a JSON configuration and is related to a graphical
representation on the map (left). Questions are mainly accessibility oriented (right).

The second model pertains to the various schemas established to facilitate the ap-
plication’s underlying business logic. This includes seven distinct MongoDB collections,
as follows:

i.  Connections’ collection, which houses documents detailing the interrelationships
among different map elements, resulting in a linked graph.

ii.  Entrances’ collection, which retains data concerning the entry POlIs.

iii. POIs’ collection, which encompasses several distinct categories, such as museums
and churches.

iv.  Segments’ collection, which serves as the central collection and comprises the requisite
nested configurations for obstacles and pedestrian crossings.

v.  Surveys’ collection, where all responses to completed surveys are stored.

vi. Templates’ collection, which houses the configuration documents from the Survey Creator.

vii. Users’ collection, which contains documents relating to the system’s users (e.g., cre-
dentials, privileges).
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8. Conclusions

This research paper introduces the ‘Seek & Go” application, which serves as an auditing
tool designed to systematically gather georeferenced accessibility data for streets and POls
in urban conurbations. Its primary purpose is to supply the developed database with
accessibility data, which, in turn, can be used to guide and inform disabled users, ultimately
enhancing the mobility of citizens within the study areas.

Potential areas for future research could involve an examination of policy-making
processes at the municipal level, with a focus on incorporating the ‘Seek & Go” mobile
application into a comprehensive framework that can serve as a guide for stakeholders
seeking to establish accessible-for-all services [60]. This approach can play a critical role
in promoting sustainable urban communities, a priority identified in the United Nations’
Sustainable Development Goal #11 [61].

Author Contributions: Conceptualization, C.A., D.A., A M. and K.K.; methodology, D.A., A M.
and L.T.; software, I.T.; validation, C.A., D.A. and A.M.; data curation, C.A., D.A, N.T. and C.B;
writing—original draft preparation, C.A. and N.T.; writing—review and editing, D.A. and C.B,;
visualization, C.A., N.T. and L.T.; supervision, C.A. and D.A_; project administration, C.A. and D.A;
funding acquisition, C.A., D.A., AM. and K.K. All authors have read and agreed to the published
version of the manuscript.

Funding: This work has been co-financed by the European Regional Development Fund of the
European Union and Greek national funds through the Operational Program Competitiveness,
Entrepreneurship and Innovation, under the call Research—Create—Innovate (project acronym: Seek
& Go; project code: TIEDK-00108).

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References

1.  Atkinson, R.; Davoudi, S. The concept of social exclusion in the European Union: Context, development and possibilities.
J. Common Mark. Stud. 2000, 38, 427-448. [CrossRef]

2. Bezyak, ].L.; Sabella, S.A.; Gattis, R.H. Public transportation: An investigation of barriers for people with disabilities. J. Disabil.
Policy Stud. 2017, 28, 52-60. [CrossRef]

3.  Gomez Monedero, J.A.; Unanue Cuesta, C.; Nufiez Angulo, B. Social image of disability. Vulnerability of the dignity of women
with disability and social exclusion contexts. Procedia Soc. Behav. Sci. 2014, 161, 115-120. [CrossRef]

4.  Park, J.; Chowdhury, S. Investigating the needs of people with disabilities to ride public transport routes involving transfers.
Public Transp. 2022, 22,100010. [CrossRef]

5. Castell, L. Building access for the intellectually disabled. Facilities 2008, 26, 117-130. [CrossRef]

6.  Crozet, Y. The three stages of accessibility: The coming challenge of urban mobility. In Sustainable Transport for Chinese Cities,
Transport and Sustainability; Mackett, R.L., May, A.D., Kii, M., Pan, H., Eds.; Emerald Group Publishing Limited: Bingley, UK, 2012;
Volume 3, pp. 79-97.

7. Duarte, N.V,; Oviedo, D.; Pinto, A.M.A. Urban mobility and social equity: An introduction. In Urban Mobility and Social Equity in
Latin America: Evidence, Concepts, Methods, Transport and Sustainability; Oviedo, D., Duarte, N.V.,, Pinto, A.M.A., Eds.; Emerald
Group Publishing Limited: Bingley, UK, 2020; Volume 12, pp. 1-10.

8.  Zhang, R,;Peng, S.; Sun, F; Deng, L.; Che, Y. Assessing the social equity of urban parks: An improved index integrating multiple
quality dimensions and service accessibility. Cities 2022, 129, 103839. [CrossRef]

9. Saraiva, M.; Barros, ]. Accessibility in Sao Paulo: An individual road to equity? Appl. Geogr. 2022, 144, 102731. [CrossRef]

10. Dewsbury, G.; Clarke, K.; Randall, D.; Rouncefield, M.; Sommerville, I. The anti-social model of disability. Disabil. Soc. 2004, 19,
145-158. [CrossRef]

11.  United Nations. Convention on the Rights of Persons with Disabilities and Optional Protocol; United Nations: New York, NY,
USA, 2006.

12.  United States Access Board. Americans with Disabilities Act and Architectural Barriers Act Accessibility Guidelines; U.S. Access Board:
Washington, DC, USA, 2004.

13.  Official Government Gazette of the Hellenic Republic. Law 4067/2012: New Building Regulation; State Printing: Athens, Greece, 2012.

14. Dubost, N. Disability and consumption: A state of the art. Rech. Appl. Mark. 2018, 33, 75-92. [CrossRef]

15.  Pal, G.C. Disability, intersectionality and deprivation: An excluded agenda. Psychol. Dev. Soc. 2011, 23, 159-176. [CrossRef]


https://doi.org/10.1111/1468-5965.00229
https://doi.org/10.1177/1044207317702070
https://doi.org/10.1016/j.sbspro.2014.12.019
https://doi.org/10.1016/j.jpubtr.2022.100010
https://doi.org/10.1108/02632770810849463
https://doi.org/10.1016/j.cities.2022.103839
https://doi.org/10.1016/j.apgeog.2022.102731
https://doi.org/10.1080/0968759042000181776
https://doi.org/10.1177/2051570718764882
https://doi.org/10.1177/097133361102300202

Signals 2023, 4 615

16.
17.
18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Priestley, M. Disability: A Life Course Approach; Polity Press: Cambridge, UK, 2003.

Schuller, N. Disabled people, crime and social inclusion. Safer Communities 2005, 4, 4-13. [CrossRef]

Matthews, B. Disabled travelers. In International Encyclopedia of Transportation; Elsevier Ltd.: Amsterdam, The Netherlands, 2021;
pp. 359-363.

Carroll, P; Witten, K.; Duff, C. “How can we make it work for you?” Enabling sporting assemblages for disabled young people.
Soc. Sci. Med. 2021, 288, 113213. [CrossRef] [PubMed]

Aidonis, D.; Achillas, C.; Tsolakis, N.; Mani-Papadimitriou, A. Assessment of measures to improve the accessibility of people with
disabilities in urban areas. In Proceedings of the 6th South-East Europe Design Automation, Computer Engineering, Computer
Networks and Social Media Conference (SEEDA-CECNSM 2021), Preveza, Greece, 24-26 September 2021.

Seekins, T.; Arnold, N.; Ipsen, C. Assessing and comparing the accessibility of community environments: A feasibility study. In
Environmental Contexts and Disability, Research in Social Science and Disability; Emerald Group Publishing Limited: Bingley, UK,
2014; Volume 8, pp. 55-70.

Ward, A.; Baker, PM.A.; Moon, N.W. Ensuring the enfranchisement of people with disabilities. J. Disabil. Policy Stud. 2009, 20,
79-92. [CrossRef]

Shakespeare, T.; Watson, N. The social model of disability: An outdated ideology? In Exploring Theories and Expanding Methodolo-
gies: Where We Are and Where We Need to Go; Barnartt, S., Altman, B., Eds.; Oxford: London, UK, 2001; pp. 9-28.

Stroman Duane, F. The Disability Rights Movement: From Deinstitutionalization to Self-Determination; University Press of America:
Lanham, MD, USA, 2003.

Garcia Carrizosa, H.; Sheehy, K.; Rix, J.; Seale, J.; Hayhoe, S. Designing technologies for museums: Accessibility and participation
issues. J. Enabling Technol. 2020, 14, 31-39. [CrossRef]

Holton, S. This child can: Participation in sport for children with vision impairment. Paediatr. Child Health 2022, 32, 297-301.
[CrossRef]

Leahy, A.; Ferri, D. Barriers and facilitators to cultural participation by people with disabilities: A narrative literature review.
Scand. J. Disabil. Res. 2022, 24, 68-81. [CrossRef]

Neis, P; Zielstra, D. Generation of a tailored routing network for disabled people based on collaboratively collected geodata.
Appl. Geogr. 2014, 47, 70-77. [CrossRef]

Santana-Santana, S.B.; Pefia-Alonso, C.; Pérez-Chacén Espino, E. Assessing physical accessibility conditions to tourist attractions.
The case of Maspalomas Costa Canaria urban area (Gran Canaria, Spain). Appl. Geogr. 2020, 125, 102327. [CrossRef]

Gant, R. Pedestrianisation and disabled people: A study of personal mobility in Kingston town centre. Disabil. Soc. 1997, 12,
723-740. [CrossRef]

Mojtahedi, M.C.; Boblick, P.; Rimmer, J.H.; Rowland, J.L.; Jones, R.A.; Braunschweig, C.L. Environmental barriers to and
availability of healthy foods for people with mobility disabilities living in urban and suburban neighborhoods. Arch. Phys. Med.
Rehabil. 2008, 89, 2174-2179. [CrossRef]

Peterson, H. Built environment accessibility in the eastern province of the Kingdom of Saudi Arabia as seen by persons with
disabilities. J. Access. Des. All 2021, 11, 115-147.

Marston, J.R.; Church, R.L. A relative access measure to identify barriers to efficient transit use by persons with visual impairments.
Disabil. Rehabil. 2005, 27, 769-779. [CrossRef] [PubMed]

Rebernik, N.; Szajczyk, M.; Bahillo, A.; Golicnik Marusic, B. Measuring disability inclusion performance in cities using Disability
Inclusion Evaluation Tool (DIETool). Sustainability 2020, 12, 1378. [CrossRef]

Kiani, B.; Mohammadi, A.; Bergquist, R.; Bagheri, N. Different configurations of the two-step floating catchment area method for
measuring the spatial accessibility to hospitals for people living with disability: A cross-sectional study. Arch. Public Health 2021,
79, 85. [CrossRef] [PubMed]

Al-Zoabi, A.Y. A strategic design of accessible buildings for people with a disability in Jordan. Arch. Sci. Rev. 2001, 44, 181-186.
[CrossRef]

Schopp, L.H.; Clark, M.].; Hagglund, K.J.; Sherman, A.K,; Stout, B.J.; Gray, D.B.; Boninger, M.L. Life activities among individuals
with spinal cord injury living in the community: Perceived choice and perceived barriers. Rehabil. Psychol. 2007, 52, 82-88.
[CrossRef]

Bauer, J.; Miiller, R.; Briiggmann, D.; Groneberg, D.A. Spatial accessibility of primary care in England: A cross-sectional study
using a floating catchment area method. Health Serv. Res. 2018, 53, 1957-1978. [CrossRef]

Ramirez, A.R.G.; Gonzalez-Carrasco, I.; Jasper, G.H.; Lopez, A.L.; Lopez-Cuadrado, J.L.; Garcia-Crespo, A. Towards human smart
cities: Internet of Things for sensory impaired individuals. Computing 2017, 99, 107-126. [CrossRef]

Majumdar, S.R.; Sen, L.; Highsmith, M.K.; Cherrington, L. The case of performance measurement in mobility management
programs. Public Perform. Manag. Rev. 2013, 37, 280-301. [CrossRef]

Popplewell, N.T.A.; Rechel, B.P.D.; Abel, G.A. How do adults with physical disability experience primary care? A nationwide
cross-sectional survey of access among patients in England. BM] Brit. Med. ]. 2014, 4, e004714. [CrossRef]

Laksana, R.I.; Winandari, M.LR.; Iskandar, J. Standard pathways guides for the disabled at the commuter line stations in
JABODETABEK. Int. . Sci. Technol. Res. 2019, 8, 2850-2854.


https://doi.org/10.1108/17578043200500015
https://doi.org/10.1016/j.socscimed.2020.113213
https://www.ncbi.nlm.nih.gov/pubmed/32807572
https://doi.org/10.1177/1044207308325996
https://doi.org/10.1108/JET-08-2019-0038
https://doi.org/10.1016/j.paed.2022.05.006
https://doi.org/10.16993/sjdr.863
https://doi.org/10.1016/j.apgeog.2013.12.004
https://doi.org/10.1016/j.apgeog.2020.102327
https://doi.org/10.1080/09687599727010
https://doi.org/10.1016/j.apmr.2008.05.011
https://doi.org/10.1080/09638280400014790
https://www.ncbi.nlm.nih.gov/pubmed/16096229
https://doi.org/10.3390/su12041378
https://doi.org/10.1186/s13690-021-00601-8
https://www.ncbi.nlm.nih.gov/pubmed/34022968
https://doi.org/10.1080/00038628.2001.9697469
https://doi.org/10.1037/0090-5550.52.1.82
https://doi.org/10.1111/1475-6773.12731
https://doi.org/10.1007/s00607-016-0529-2
https://doi.org/10.2753/PMR1530-9576370205
https://doi.org/10.1136/bmjopen-2013-004714

Signals 2023, 4 616

43.

44.

45.

46.

47.

48.

49.
50.

51.
52.
53.
54.
55.
56.
57.

58.
59.

60.

61.

Hong, J.; Wang, Y.; McDermott, S.; Cai, B.; Aelion, C.M.; Lead, J. The use of a physiologically-based extraction test to assess
relationships between bioaccessible metals in urban soil and neurodevelopmental conditions in children. Environ. Pollut. 2016,
212,9-17. [CrossRef] [PubMed]

Biglieri, S. The right to (re)shape the city: Examining the accessibility of a public engagement tool for people living with dementia.
J. Am. Plann. Assoc. 2021, 87, 311-325. [CrossRef]

Barr, M.; Dally, K.; Duncan, J. Services for children with hearing loss in urban and rural Australia. Aust. |. Rural Health 2020, 28,
281-291. [CrossRef] [PubMed]

Lauria, A. “The Florence Experience”: A multimedia and multisensory guidebook for cultural towns inspired by Universal
Design approach. Work 2016, 53, 709-727. [CrossRef] [PubMed]

Aidonis, D.; Achillas, C.; Koritsoglou, K.; Fudos, I.; Tsampoulatidis, I.; Mourouzis, A.; Tsolakis, N. Sustainable tourism
development through accessibility and equity: Novel tools for improving ease of access for all in tourism destinations. In
Proceedings of the Sustainable Solutions at Times of Transition (SuST) International Symposium and Workshop 2022, Nisyros
Island, Greece, 14-17 July 2022.

Tsampoulatidis, Y.; Achillas, C.; Aidonis, D.; Mourouzis, A.; Koritsoglou, K. Development of a tool for auditing accessibility of
public infrastructure and points of interest in urban areas. In Proceedings of the IEEE—7th South-East Europe Design Automation,
Computer Engineering, Computer Networks and Social Media Conference (IEEE SEEDA CECNSM 2022), Ioannina, Greece,
23-25 September 2022.

React, a JavaScript Library for Building User Interfaces. Available online: https:/ /reactjs.org (accessed on 29 June 2022).
Google Maps JavaScript API. Available online: https://developers.google.com/maps/documentation/javascript (accessed on
29 June 2022).

Turf.js. Advanced Geospatial Analysis. Available online: https://turfjs.org (accessed on 29 June 2022).

Chakra UL An Accessible Component Library for React. Available online: https://chakra-ui.com (accessed on 29 June 2022).
Survey]S. An Extendable JavaScript Set of Components for Building Surveys. Available online: https://surveyjs.io (accessed on
29 June 2022).

Open API Specifications. Available online: https://swagger.io/specification (accessed on 29 June 2022).

Node.js. A JavaScript Runtime. Available online: https://nodejs.org/en (accessed on 29 June 2022).

Feathers.js. A Framework for Real-Time Applications and REST APIs. Available online: https://feathersjs.com (accessed on
29 June 2022).

MongoDB. A Cross-Platform Document-Oriented Database. Available online: https://www.mongodb.com (accessed on
29 June 2022).

Mongoose. Mongodb Object Modeling for Node.js. Available online: https://mongoosejs.com (accessed on 29 June 2022).
Beritelli, F.; Capizzi, G.; Lo Sciuto, G.; Napoli, C.; Scaglione, F. Rainfall estimation based on the intensity of the received signal in a
LTE/4G mobile terminal by using a probabilistic neural network. IEEE Access 2018, 6, 30865-30873. [CrossRef]

Dadashzadeh, N.; Woods, L.; Ouelhadj, D.; Thomopoulos, N.; Kamargianni, M.; Antoniou, C. Mobility as a Service Inclusion
Index (MaaSINI): Evaluation of inclusivity in Maa$S systems and policy recommendations. Transp. Policy 2022, 127, 191-202.
[CrossRef]

United Nations. The Sustainable Development Goals Report; United Nations: New York, NY, USA, 2022; pp. 1-66.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.envpol.2016.01.001
https://www.ncbi.nlm.nih.gov/pubmed/26840511
https://doi.org/10.1080/01944363.2020.1852100
https://doi.org/10.1111/ajr.12613
https://www.ncbi.nlm.nih.gov/pubmed/32511860
https://doi.org/10.3233/WOR-162256
https://www.ncbi.nlm.nih.gov/pubmed/26890596
https://reactjs.org
https://developers.google.com/maps/documentation/javascript
https://turfjs.org
https://chakra-ui.com
https://surveyjs.io
https://swagger.io/specification
https://nodejs.org/en
https://feathersjs.com
https://www.mongodb.com
https://mongoosejs.com
https://doi.org/10.1109/ACCESS.2018.2839699
https://doi.org/10.1016/j.tranpol.2022.09.006

	Introduction 
	Accessibility Needs in Urban Environments 
	Accessibility Requirements 
	Mobility Obstacles in Urban Environments 

	Accessibility Measures for Disabled People 
	Tool Development for Auditing Accessibility 
	Technical Approach 
	Architecture 
	Handling Offline Content 

	User Experience 
	Models and Document Schemas 
	Conclusions 
	References

