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Abstract: For people with disabilities, accessible pedestrian infrastructure can support independence,
mobility, and improved quality of life. Yet, most pedestrian infrastructure presents barriers that
impede movement. A major challenge for cities to improve pedestrian accessibility is the lack of
reliable data on sidewalk accessibility. Little is known about the type of data needed for cities, as
well as how different stakeholders perceive and use sidewalk data. Therefore, this study seeks to
explore the perceptions of multiple stakeholders on the use, gathering, and application of sidewalk
accessibility data. We conducted a series of workshops with 51 participants, including people with
disabilities, caregivers, Americans with Disabilities Act (ADA) coordinators, and urban planners, to
discuss sidewalk accessibility data and data collection tools. We used the socio-technological tool
Project Sidewalk as an example. Participants identified various uses for the accessibility data such as
route planning, barrier removal plans, and advocacy, and discussed issues of usability, trust, access,
and accessibility of the data and tools. Our findings contribute to a better understanding of important
factors that impact the use and application of accessibility data and how to implement accessibility
data collection initiatives that utilize socio-technological approaches such as crowdsourcing.

Keywords: accessibility; disability; crowdsourcing; urban planning; civic engagement

1. Introduction

Over one billion people—about 15% of the world’s population—live with some form of
disability [1]. This proportion is increasing due to a rise in chronic health conditions, trends
in population aging, and longer life expectancies among people with a disability [1]. Within
the United States, 61 million adults (1 in 4 individuals) report at least one disability [2]
that impacts their physical mobility, sensory functions, and/or cognitive abilities. Most
individuals will experience one if not multiple disabilities in their lifetime, whether it be
permanent or temporary. There have been ongoing efforts to improve the inclusion of
individuals with disabilities in society, including through changing the built environment
to make it more accessible. However, individuals with disabilities continue to be limited
in their ability to be active and engaged members of their communities due to structural
inequalities [3].

1.1. Disability and Accessibility in the Urban Setting

According to the social model of disability, barriers in an individual’s social and
built environments are the main cause of disablement, limiting an individual’s ability to
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navigate, access, and participate in communities [4]. Barriers in the built environment
can consist of human-made pedestrian features (e.g., sidewalks, curb ramps, crosswalks,
and pedestrian signals), features of the natural landscape (e.g., hills and groundcover),
climate and weather conditions (e.g., snow, rain, heat, and air quality), and the systems
and services meant to manage those conditions (e.g., snow removal services) [5,6]. Barriers
in the built environment, such as missing or broken lighting, a lack of building/public
transportation security, and limited access to public gathering spaces, can also impact
livability and an individual’s sense of public safety [5–9]. The social stigma of disability
and social barriers such as the attitude and knowledge of others in the community further
limit access to space and social participation [10,11]. These barriers work in combination to
disable individuals with impairments and make mobility and participation in communities
more difficult than for people without impairments. Disability scholars and activists have
called on municipal planners and architects to develop more inclusive designs that do not
differentially disable some people more than others [12,13]. However, decision makers and
urban planners sometimes lack the necessary knowledge about accessibility and how it
impacts the lived experience of people with disabilities to create inclusive changes in the
environment [10,14].

Removing barriers and designing inclusive pedestrian infrastructure can provide
numerous benefits to individuals with disabilities including better access to employment,
healthcare, and social participation [6]. To facilitate barrier removal, several countries
have adopted antidiscrimination and accessibility policies. For instance, the Americans
with Disabilities Act (ADA) was passed in 1990, requiring that public infrastructure—
including sidewalks and street crossings—be accessible [15]. Yet, more than 30 years later,
municipalities have struggled to meet accessibility requirements, with many municipal
streets, sidewalks, and businesses remaining inaccessible [16–19]. Most communities lack a
plan for removing pedestrian infrastructure barriers [16]. The issue for those communities
is not only the lack of accessible infrastructure but also the lack of information about what
barriers need to be removed and where they are located [20]. For instance, communities
often lack reliable data on where sidewalks exist and about their level of accessibility [21].
This lack of data directly limits both planning for and the removal of pedestrian barriers [22].

1.2. Accessibility Data

There is a growing body of research dedicated to developing and evaluating various
methods for collecting municipal accessibility data. As described by Hamraie [12], acces-
sibility data collection approaches can be categorized into those that are centered around
the perspectives of people with disabilities and those that are focused on gathering large
amounts of data on compliance, typically by professionals. Disability-centered approaches
often seek to document the lived experience of people with disabilities travelling in mu-
nicipalities and describe the impact of the environmental barriers of their lives [6,8,23].
While they typically use qualitative methods, they also sometimes incorporate quantita-
tive measures as well, such as GPS tracking or objective auditing tools [23,24]. In contrast,
compliance-driven methods are predominantly quantitative, which relates to the large-scale
nature of sidewalk networks in municipalities, and are conducted by professionals. Efforts
to collect compliance data use on-the-ground auditing (e.g., walk audit using measuring
tools), remote auditing (e.g., through Google Street View) [25,26], or automated auditing
through computer vision, computer learning (AI), and socio-technological approaches
such as crowdsourcing [20,27,28]. Because of the vast amount of infrastructure to audit,
on-the-ground auditing is time and labor intensive [29]. Remote and automated methods
for data collection may help address these capacity limitations but open new issues around
data validation, management, and openness [30]. Indeed, Froehlich and colleagues [30]
describe how data collection and data management of accessibility information are two
of the biggest challenges facing municipalities and stakeholders seeking to improve the
accessibility of municipalities using remote and automated methods.
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While numerous studies have explored approaches, methods, and tools for collecting
accessibility data [20,25–28], few studies have explored if and how such data are used
in practice or how they would be used by key stakeholders, including urban and trans-
portation planners, accessibility specialists such as ADA coordinators, disability advocacy
organizations, and people with disabilities and their caregivers. As such, we lack an under-
standing of what makes accessibility data useful and how different uses are considered in
the design of data and the implementation of data collection efforts. In the first US-focused
study of its kind, Saha and colleagues [31] conducted interviews with five stakeholder
groups across three US municipalities, including policy makers, transit employees, disabil-
ity advocates, and people with mobility disabilities. Interview participants were asked
about their current perspectives on and methods for determining urban accessibility, along
with their reactions to sidewalk accessibility visualization tools. They identified monetary,
social, and technological barriers to collecting and analyzing data on urban accessibility
and translating those findings into infrastructure development. They also highlighted how
specific socio-political tensions impeded progress, including conflicting priorities amongst
stakeholders, unclear responsibility, conflicting regulations, a lack of public interest, and a
lack of government transparency and accountability [31].

In addition to a lack of data on the accessibility of pedestrian infrastructure, planning
efforts have historically failed to consider the needs of people with disabilities and the
potential improvements required to make urban spaces and pedestrian infrastructure acces-
sible [8,31,32]. This includes a failure to include the perspectives of people with disabilities
in the planning process [16,19,22] as well as in the data collection of accessibility informa-
tion and participatory mapping efforts [12,33]. Formally including people with disabilities
in the planning process has several benefits: people with disabilities provide insights gained
from their everyday lived experiences of traveling through municipalities via sidewalks
and transit networks, which can help validate collected data with methods such as remote
or automated auditing [8,31,32]. People with disabilities can also offer a better understand-
ing of how the pedestrian environment—even one that is ADA-compliant—might still be
inaccessible, unsafe, or unwelcoming [12] or might be inconvenient for efficient travel [34].

The purpose of this study was to examine various stakeholders’ perceptions and needs
on the use, gathering, and application of sidewalks accessibility data. In addition, we aimed
to understand better how stakeholders could use remote and automated socio-technical
tools to assess the accessibility of sidewalks. A better understanding of these perspectives
and how they align and differ can provide crucial insights for cities to effectively address
the lack of data and limited planning for sidewalk accessibility improvements.

2. Materials and Methods

This research was part of a larger study entitled {redacted for review}, which included
different components such as the following: (1) community workshops on accessibility
data; (2) data validation of an AI/crowdsourcing tool, i.e., Project Sidewalk; (3) the de-
ployment of Project Sidewalk in the Chicago area to collect data on the accessibility of
pedestrian infrastructure; and (4) the evaluation of this deployment. The Chicago area
was chosen for this study because of prior work showing how there was a lack of ac-
cessibility data in the region [35]. An advisory committee was created which leveraged
existing partnerships with organizations interested in improving data availability and
the accessibility of pedestrian infrastructure in the Chicago area. Committee members
included representatives from regional planning and transportation agencies, disability
advocacy organizations, travel training organizations, Mayors and Managers associations,
and individuals with disabilities.

This paper focuses on the first component of the study: the community workshop.
We used a cross-sectional approach to conduct a series of iterative community workshops,
conducted with various stakeholders. Workshops are a methodology where a group
of people learn, acquire new knowledge, and innovate in relation to a domain-specific
issue [36]: in this case, sidewalk accessibility data and the use of socio-technical tools. We
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used the Project Sidewalk tool as a tool exemplar to help people reflect on the possibilities
of use and application of sidewalk accessibility data. A description of Project Sidewalk is
provided in the next section. The study was approved by the University Ethics committee
[blinded for review].

2.1. Project Sidewalk

Project Sidewalk is an open-source crowdsourcing tool that enables online users
to remotely label sidewalks and identify accessibility problems via virtually traveling
through streetscape imagery drawn from Google Street View [37]. The tool represents a
socio-technological approach to data collection, leveraging human/social factors to solve
accessibility problems beyond what existing technologies alone are able to address [38].
During auditing missions, users place labels on pedestrian features and accessibility barriers
that exist along the sidewalk network (Figure 1a). Users are asked to locate and assess
seven different built environment elements—curb ramps, missing curb ramps, obstacles,
surface problems, crosswalks, pedestrian signals, and missing sidewalks. Labeling is a
three-step process involving categorizing an element, rating its severity according to the
element’s overall accessibility, and selecting applicable descriptive tags.

Users also validate existing labels based on perceived correctness. During these
validation missions, users determine whether or not a label was correctly used in identifying
a sidewalk feature or problem (see Figure 1b). The validated data are used to build
machine-learning models for semi-automatically finding and assessing built environment
accessibility features, thus being a faster alternative to traditional on-the-ground data
collection methods [27].

2.2. Workshops Participants

A purposeful sample of participants were recruited from four stakeholder groups from
the Chicago area: (1) people with mobility limitations, (2) people with visual limitations,
(3) caregivers, and (4) ADA coordinators and urban planners. Potential participants were
eligible if they could read and understand English and were 18 years of age or older.
Additionally, people with disabilities and caregivers had to self-identify as having a mobility
or visual limitations, be able to leave home, and have experience moving about on sidewalks
or assisting a person with a disability that they care for as a caregiver. Participants with
disabilities and caregivers were compensated for their participation in the workshops.

An email invitation was shared with the advisory committee members, who shared
it with their networks. The email invitation was also shared with several organizations
representing people with disabilities, or urban planners and ADA coordinators. Interested
participants contacted a research assistant. The participants who agreed to participate in
the study provided verbal consent before the workshops.

2.3. Data Collection

We conducted nine workshops in two phases in Spring and Summer 2022. The
workshops were sequential, with the second phase building on the first. The workshops
were facilitated by the first and second authors [blinded for review], with the support of
the project coordinator and a research assistant. The facilitators were researchers with
expertise in qualitative and community-based research, accessibility and urban planning,
social participation, and who have been working with individuals with disabilities for
more than a decade. One of the facilitators has also been active in accessibility research
in the Chicago area for multiple years and knew some of the participants. The research
assistant and project coordinator were master students in urban planning and public affairs
when we conducted the workshops.
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2.3.1. First Series of Workshops

We conducted the first workshop phase with each group of stakeholders separately to
ensure that all participants were able to contribute meaningfully despite power, resource,
and decision-making differentials [39]. The team conducted a total of seven workshops for
a total of 51 individuals (see Figure 2): two groups with 12 people with mobility limitations,
two groups with 14 people visual limitations, one group with 9 caregivers, and two groups
with 16 ADA coordinators and urban planners. The themes discussed during the workshop
were the same across the different groups of stakeholders, with some variations in the
way the questions were asked to fit the experiences of each group. The workshops were
divided into two parts. In the first part, we focused on exploring the perceptions around
information and data on accessibility (e.g., What does information on accessibility of
municipalities mean to you? Where do you go for accessibility information?) and on the
usage and relevance of accessibility tools for them (e.g., What are your perspectives on
using technology, such as crowdsourced data and AI, for gathering accessibility data? What
are challenges in using these technologies?). The second part of the workshop started with a
brief presentation of Project Sidewalk—its goal, general functioning, and labels—followed
by questions regarding the tool and its possible usage (e.g., features liked or less liked, how
it could be used by different stakeholders, etc.).
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We asked the participants for their preferences between an in-person and online meet-
ing, and they all preferred to meet online. Therefore, the workshops were conducted using
the Zoom platform (Zoom Meetings, 5.11.1; Zoom Video Communications, Inc., San Jose,
CA, USA) [40] and lasted two hours. Problems with internet connections have been re-
ported as an issue with Zoom interviews [41]. However, we only had one participant with
a connectivity issue, and we were able to reschedule them to another group. Some of our
participants connected via phone. The workshops were audio- and video-recorded. During
the workshop, the team also used a variety of interactive tools such Zoom whiteboards for
people to share their thoughts in writing, survey polls, and large group video discussions.
The participants also used the chat to share their perspectives. The chats were saved and
downloaded for analysis. After the first workshop, participants completed a demographics
questionnaire adapted for each sub-group; participants with mobility disabilities and who
are blind and have low vision received the same demographic questionnaire.

2.3.2. Second Series of Workshops

We invited participants from the first workshop to attend a second workshop that
combined the different groups of stakeholders together. We held two workshops for a total
of 21 participants, including 6 people with mobility disabilities, 5 blind and low-vision
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individuals, 4 caregivers, and 6 ADA coordinators and urban planners. We tried to balance
between participant types to ensure representation from each stakeholder group.

The second workshop phase was organized around the main themes that resulted from
the first workshop analysis. Focusing on these themes allowed us to further understand
how the different stakeholder groups perceived and would use accessibility data and Project
Sidewalk. We also wanted the different stakeholders to hear each other’s perspectives
from the first series of workshops and build on the themes that previously emerged in
separate groups. We started by sharing the results of the first workshops and asked for
participant feedback, as a form of member checking. Then, we used a series of scenarios
to delve into each of the three main types of uses identified (see Section 3), and for each
scenario, we discussed the main themes identified in the first series of workshops. The
second workshops were also conducted online via Zoom and were approximately two
hours. The same facilitators led the workshops with the help of the project coordinator. We
reviewed the content of the second workshops to see if new content emerged and added it
to our analysis of the first workshop. Section 3 below covers content from both workshops.

2.3.3. Data Analysis

Workshop audio recordings were transcribed, and the transcripts of the group discus-
sion were analyzed following a series of steps. First, the two facilitators coded separately
each of the seven groups using inductive analysis, also known as conventional content
analysis [42]. In this approach, codes are defined during the analysis and derived directly
from the data [42], in our case, the discourse of the participants during the workshops.
Then, they merged their coding and discussed which codes to keep via consensus and to
avoid redundancies. Then, the research team with expertise in qualitative and participa-
tory research approaches, accessibility, and community involvement reviewed the codes
and grouped them into subthemes and larger topics. These were used to structure the
discussion with the participants in the second workshop. To improve the credibility of
the research, all the authors discussed their perspectives and came to an agreement about
each theme.

3. Results
3.1. Participants

Among the 51 participants that participated in the first workshop, 36 completed the
demographic questionnaire. Table 1 presents a summary of their demographic charac-
teristics. The ages of the surveyed participants ranged from 18 to 79. The majority of
participants with disabilities (mobility and visual) and caregivers lived in denser urban
areas (n = 17, 60.8%). Participants with disabilities (mobility and visual) and caregivers
had a mix of employment statuses. Most ADA coordinators and urban planners (n = 6,
75%) were working for agencies that served local and regional areas, and all the ADA coor-
dinators and urban planners worked full time. They had various experiences with ADA
transition planning, accessibility data inventory, and crowdsourcing tools. The majority of
participants with mobility limitations used power wheelchairs (n = 7, 63.4%). Amongst
participants with visual limitations, the majority of respondents (n = 9, 90%) used a white
cane. For their primary mode of transportation, riding as a passenger was the most used
option for individuals with mobility limitations (n = 7, 63.4%) and public transportation
(bus or train) for those with visual limitations (n = 4, 40%). All participants with mobility
limitations described how they used Google Maps, while the majority of respondents who
had visual limitations (n = 6, 60%) indicated that they used specific apps designed for
people with visual impairments to travel in their communities (See Table 1).
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Table 1. Participant demographic characteristics (n = 36).

Characteristics PwML *
(n = 11)

PwVL **
(n = 10)

Caregivers
(n = 7)

ADA
Coordinators and
Urban Planners

(n = 8)

Age range

18–39 5 6 1 3
40–49 - - 3 3
50–64 2 4 3 2
65–79 4 - - -

Place of residence
Urban 5 8 4 -

Suburban 5 2 3 -

Level of government
Local - - - 2

Region (within State) - - - 4
State - - - 2

Employment status
Full time (35+ h/week) 3 3 3 8

Part time (up to 34 h/week) 2 1 1 -
Unemployed or retired 6 6 3 -

Assistive device

Cane(s) 2 2 - -
Crutches 2 - - -
Walker 2 - - -

Manual Wheelchair 1 - - -
Power Wheelchair 7 - - -

Scooter - - - -
Service dog - 2 - -
White cane - 9 - -

Other (e.g., screen reader) 1 1

Primary mode of
transportation

Personal vehicle (as passenger) 7 3 - -
Walk or wheel - - - -

Paratranasit/dial-a-ride 2 1 - -
Ride share app (Uber/Lyft) - 1 - -

Local transit (bus, train) 2 4 - -

Use of website or app
for route planning

& wayfinding

Direction websites
(Google maps) 7 1 - -

Navigation apps for people
with visual limitations - 6 - -

Organization completed an ADA transition plan - - - 5

Organization has collected Public-Right-Of-Way data - - - 3

Organization has used crowdsourced data - - - 4

* People with mobility limitations. ** People with visual limitations.

3.1.1. Perspectives on Accessibility Data, Crowdsourcing, and AI Tools

The discussions during the first round of workshops covered a variety of topics in-
cluding information (data) on the accessibility of sidewalk and pedestrian infrastructure in
general, technology, crowdsourcing and AI tools, as well as Project Sidewalk. While the dif-
ferent topics we identified were sometimes addressed by all groups of participants (people
with mobility or visual limitations, caregivers, and ADA coordinators and urban planners),
other topics were reported by only some of the groups. For clarity and consistency, we will
present the perspectives pertaining to accessibility data and socio-technological tools in
general first; then, we will specify elements that specifically concern Project Sidewalk, and,
if applicable, we will highlight the variations between the groups. The topics discussed are
presented in Table 2.
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Table 2. Topics discussed by the participants during the first series of workshops.

Topics Discussed Content

Usage of Accessibility data
and tools

Purposes varies depending on the users
Current use of accessibility tools

Management and Collection
of Accessibility data

Centralization of accessibility data with other infrastructure
information
Right amount of data
Responsibility of data collection

Accuracy/Trust of Data
and Tools

Having access to updated data
Accuracy affected by data collector
Limitations of crowdsourcing and AI

Access and Accessibility of
Data and Tools

Issues with technology of tools
Accessibility of the online data collection tools
Public access to the data

3.1.2. Usage of Accessibility Data and Tools

During the workshops, the participants discussed elements related to the purpose of
accessibility data and socio-technological tools such as Project Sidewalk. It emerged from
the exchanges that the participants were perceiving the purpose of accessibility data differ-
ently depending on their needs and their experiences within the pedestrian environment.
For instance, participants with disabilities (mobility and visual limitations) and caregivers
talked about how having information about the accessibility of sidewalks could be used to
plan their travel and to help choose the easiest and safest routes. One participant with a
mobility limitation commented that it was “very important to have information on accessibility
for cities [. . .] for freedom. It will give you better planning [. . .] If you have this information
on accessibility, you know you can actually get to this place”. Participants with disabilities
envisioned that information about the accessibility of the sidewalk would help them know
better what to expect during their travel. Being able to manage their expectations could
also increase their feeling of security.

In contrast, the groups of ADA coordinators and urban planners explained that
accessibility data could be used to develop barrier removal plans in municipalities, and
how data collected through tools such as Project Sidewalk could support that effort. They
reported how accessibility data gathered through crowdsourcing and AI tools could assist
in identifying areas where pedestrian infrastructure was in the worst condition and support
the prioritization of barrier removal and improvement. This was especially relevant when
discussed in relation to municipal budgets; as one participant in the ADA coordinator and
urban planner group commented, they wanted to know how to “get the most bang for my
buck” when it came to allocating a “limited budget” to sidewalk improvements.

All the groups also talked about how collecting accessibility information could be
used by people with disabilities to advocate for accessibility improvement and raise aware-
ness amongst elected officials and professionals about accessibility issues. One caregiver
explained how having access to accessibility data could impact policies: “I think the data
could also be used at the legislative level, like across the board with funding, you know getting more
funding if we can say, you know, X city has sidewalks, and this needs to be done. So, I feel like the
data collected could be used in a transformative way to make positive changes for the community”.
The participants also felt that having a clear picture of the current conditions of accessibility
could also make municipalities and the general public recognize the multiple barriers that
people with disabilities encounter in their daily life.

People with disabilities also explained how they were currently using socio-technological
tools such as smart phone apps or Google Maps to plan their route more effectively,
especially the participants with visual limitations. However, they explained how many of
the current tools did not really include information on the accessibility of the pedestrian
infrastructure such as the condition of the sidewalks, presence of curb ramps, etc. Those
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tools mostly focus on barriers inside buildings and public facilities or public transportation.
They perceived that Project Sidewalk was unique in that sense. They wished that Project
Sidewalk could be used while they were navigating their environment in real time, which
the tool is currently not designed for. The ADA coordinators were mentioning that the type
of socio-technological tools currently used to gather data about accessibility issues were
mainly crowdsourcing systems such as a non-emergency information reporting system
that would receive complaints from citizens via phone or city apps.

3.1.3. Management and Collection of Accessibility Data

One area where all the groups overlapped in their discussion was the importance
of considering the management and sharing of information and data on accessibility.
Participants felt that accessibility data should be centralized with other kinds of related
information such as transit or road safety data. The centralization of data would increase
availability and accessibility for all users. It would allow people with disabilities and
caregivers who needed to access information on the accessibility of sidewalks to find it
in the same place where they would find other useful information for their travels. As a
participant with visual limitations commented in reference to planning a trip, if they have to
“dig” for accessibility data, “then chances are I’m not going to that town because it’s not presenting
as an accessible place”. For the ADA coordinators and urban planners, centralization also
meant that the accessibility data gathered, with Project Sidewalk for instance, would be
integrated with other databases that municipalities currently have to track their pedestrian
infrastructure, roads, or other municipal assets, for instance, connecting data with existing
inventories of municipal data focusing on walkability or safety. Overall, participants from
all groups wanted to avoid the creation of yet another data collection platform that would
be difficult to find and access, or that would become a burden for municipalities to manage.

Related to the management of data, the participants also talked about having the
right amount of data to be useful for them, which was perceived as a challenge. Indeed,
determining what constitutes the “right” amount of data is not a clear task, with ADA
coordinators and urban planners asking, “When do we have enough data to make a good
decision?” The participants suggested starting through collecting accessibility data on
priority areas such as places near transit or other highly used locations.

Another element discussed concerned who was responsible for collecting the infor-
mation in the tools. Most of the participants from all the groups agreed that people with
disabilities should be involved in collecting the accessibility data, because they are the
most impacted by accessibility planning. They were also seen as those having the lived
experience of navigating the pedestrian infrastructure. However, some caregivers were
concerned that putting the responsibility entirely on individuals with disabilities would
increase their burden, as they already shoulder the bulk of accessibility advocacy efforts.
One caregiver said, “once it took us more or less nine months just to have the city put five extra
seconds on the stop light. It was multiple visits to the [city official] and it was just very exhausting,
so being an advocate for the community it’s very challenging, time consuming, and sometimes
discouraging. . .” Therefore, participants with disabilities and caregivers felt that it would
be important to compensate people with disabilities for their involvement in collecting
accessible data when using tools like Project Sidewalk. Some participants across the groups
suggested that it was the municipalities who should be mainly responsible for collecting the
information on the pedestrian infrastructure accessibility, while still working with people
with disabilities as paid consultants and collaborators.

3.1.4. Accuracy/Trust of Data and Tools

One topic that was largely discussed during the first workshops was the accuracy of
the accessibility data that are gathered with socio-technological tools, especially those that
use automated or semi-automated approaches, i.e., AI. This was a key issue for people
with mobility disabilities who explained how hard it was to find accurate information
on accessibility in most of the resources they were using. A common element that came
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out across groups was the importance of having access to updated data on accessibility.
However, what ‘accurate up-to-date’ meant was discussed in different ways by the various
groups. People with disabilities (mobility and visual limitations) and caregivers defined
accuracy as data that had been verified or could be verified in real time by people with
disabilities. They suggested having a feature in accessibility data collection tools, such as
Project Sidewalk, that would allow them to upload photos or add comments to provide
real-time information on the conditions of the sidewalks. For ADA coordinators and urban
planners, accuracy rather meant having ground truth data. For instance, ADA coordinators
and urban planners saw data from Project Sidewalk as a good starting point for helping
them knowing which areas to prioritize for barriers removal, but they would need to
further verify and survey the infrastructure on the ground with physical measurements.
In the second workshop, participants added that to be relevant, up-to-date data had to be
specific, timely, and be gathered in all seasons to reflect the temporary barriers affecting the
accessibility of pedestrian infrastructure.

Additionally, participants from all groups talked about how the accuracy of data was
impacted by who collected and assessed the accessibility data. Most participants thought
the data would be the most accurate if they were collected by people with disabilities; their
lived experience of the environment was a “guarantee” of the improved accuracy of the
data. One participant with mobility limitations stated specifically that they “would trust
something a lot more if I knew people with disabilities are actually involved in it”. Most socio-
technological tools such as Project Sidewalk do not currently collect user demographic
information, including any indication of whether a user lives with a disability or not. The
participants with mobility and visual limitations suggested adding this information about
the users to improve the accuracy of the data. The participants also felt that the accuracy of
the data increased when many people were using it. Some participants across the groups
mentioned that the validation feature of Project Sidewalk, which allows users to validate
the accuracy of the labels placed by other users according to label type, increased the
perceived accuracy of the data.

Regarding trust in the data and tools, participants also pointed out the limitations of
crowdsourcing and AI for accessibility data. For instance, they talked about the fact that
Project Sidewalk relies on Google Street View [37], which sometimes uses outdated imagery
and thus does not reflect accurately the current state of the pedestrian infrastructure. More-
over, some people with mobility and visual limitations worried that not all neighborhoods
would be included in the data collected, especially low-income and racialized communities.
One participant with visual limitations mentioned that it was important to focus on “the
neighborhoods and communities in our city that historically are underserved [. . .] to bring equal
or equitable access and awareness of the sidewalk pathways in those neighborhoods”. Participants
said that it was really important to assess those communities because they often are less
accessible for people with disabilities. For the ADA coordinators and urban planners, a
limitation was related to the potential of legal liability in using crowdsourced data in formal
planning efforts. They expressed concerns that collected data would be unable to hold up
against criticisms of quality and accuracy. However, some ADA coordinators and urban
planners mentioned that there was similar issue with the quality of data collected with
other type of specialized tools such as LiDAR (a method to remotely assess the earth’s
surface using light). One urban planner noted, “It’s data, right? Data is dirty, everyone on this
call knows that data is dirty. I think as long as the limitations and benefits of the data are understood,
it could be another data set that is used to help prioritize location for further review”. Despite these
concerns, many participants from all groups explained how having data on accessibility
was still improving the data which were currently available.

3.1.5. Access and Accessibility of Data and Tools

The last topic was around the access and accessibility of the data and tools themselves.
Participants with disabilities expressed how, to be able to hold their promise, the technology
would need to be accessible for people with disabilities. All the groups of participants
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discussed the importance of “physical” access issues such as having a proper computer
or smart phone to use socio-technological tools. Access was also related to the financial
aspect of having a cell phone plan with enough data roaming to navigate the internet
or use a mobile application while moving about in the community. Many people with
disabilities receive financial support through disability benefits, which are not enough for
a phone, cell plan, or internet plan with unlimited access. Participants with mobility and
visual limitations and caregivers also raised concerns about technological literacy, i.e., the
ability to use, manage, understand, and evaluate technology [43] that limits access to tools.
They reported that not all people with disabilities have the necessary knowledge to use
their computer, internet, or other mobile devices to collect accessibility data, which could
represent a barrier to using the tools.

Participants with mobility and visual limitations and caregivers also highlighted the
accessibility of the data collecting tools themselves as another potential barrier. They
explained that those tools are not always created with people with disabilities in mind,
especially individuals with more severe limitations. One caregiver, commenting on the
accessibility of Project Sidewalk, noted that it was “not really created with the mindset of other
people in mind, and how they think. So, it is good, it is helpful, but there needs to be some more
thought put into it from the development and designer perspective”. Project Sidewalk specifically
has been developed as a visual analysis tool, which was not accessible for people who were
blind and with low vision. The participants with visual limitations suggested different
ways that the accessibility data could still be shared with them, such as using image
description or including the data collected with Project Sidewalk in navigation apps that
they already using.

Finally, the groups of ADA coordinators and urban planners also discussed issues with
accessing the data themselves. For instance, some participants mentioned how in some
cases, technologically derived accessibility data were expensive, because the technology
used to collect them was costly or because those data were owned by entities that would
share them at a high price. This is why some ADA coordinators and urban planners argued
that it was important to have publicly available data on accessibility, such as those provided
by Project Sidewalk.

3.1.6. Second Phase of Workshops

The second series of workshops brought together the participants from all the stake-
holder groups to further discuss the main themes from the first set of workshops. The main
findings about these workshops we want to highlight is how multi-stakeholder dialogue
not only confirmed the themes from the first workshop but created opportunities for par-
ticipants to share their insights from their unique perspectives with other stakeholders.
For instance, members of the ADA coordinator and urban planners group directly sought
feedback from the participants with disabilities and their caregivers about how best to un-
dertake the data collection and data sharing processes regarding accessibility. Participants
with disabilities highlighted the need for a better understanding of what municipalities
were currently doing to address accessibility issues and what information they could share
about current sidewalk conditions, affirming the importance of communication between
municipalities and their citizens. These exchanges also spoke to the need to create spaces
where urban planners, ADA coordinators, people with disabilities, and caregivers could
come together to learn from each other. The participants suggested that planners should be
creative in the ways those spaces of communication would be developed, such as using
an online platform or having meetings in community spaces such as libraries, community
centers, or schools.

4. Discussion

Previous research has documented the lack of data on pedestrian infrastructure acces-
sibility and how such missing data limit municipalities’ progress towards barrier removal
for people with disabilities [16,21,30]. This unique study examined various stakeholders’
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perceptions on the use, gathering and application of sidewalks accessibility data. In addi-
tion, we aimed to understand better how stakeholders could use remote and automated
socio-technical tools to assess the accessibility of sidewalks.

Participants in our workshops shared different potential purposes of use for acces-
sibility data which varied depending on the groups. While people with disabilities saw
opportunities for better capacity to plan travel routes that were accessible, ADA coordi-
nators and urban planners identified opportunities for developing barrier removal plans.
These findings speak to the concept of the ‘personal relevance’ of data [44], which posits that
people will look and make sense of data from their own needs and experience. Saha and
colleagues [31] found similar findings when investigating how individuals with disabilities
make sense of sidewalk accessibility visualizations. This suggests the importance of having
different groups share their perspectives, as it would not spontaneously occur for people.
This sharing and exchange has been shown to increase the recognition of the importance of
knowledge sharing [45] and thus of considering others’ perspectives. This was obvious
in the second series of workshops, where the different groups of stakeholders really used
that opportunity to share their lived experiences and expertise with each other. Integrating
multiple perspectives, including people with disabilities’ experiences, has been suggested
to allow for a better understanding of accessibility issues [46] and a better implementation
of barrier removal planning [47,48].

Interestingly, all groups identified how accessibility data can be used for advocacy to
municipal officials. This shared insight illustrates how the different groups perceived a
critical need for the continued education of elected officials and policy makers on the reality
of accessibility barriers in pedestrian infrastructure. The value of accessibility data for
advocacy is well explained in Hamraie’s work [12] that highlighted the limitations of data
and maps developed only for compliance to the ADA or other objective criteria. Hamraie’s
critique of compliance mapping leads us to ask how well do accessibility data collection
approaches enable conversations around access and inclusion? From our findings, it also
opens questions of how tensions surrounding accessibility data can be discussed openly
to gain a better understanding of which data creation approaches, forms of participation,
and data characteristics align with each use of accessibility data? This finding reaffirms the
importance of the engagement process that is part of the requirements for the development
and implementation of the ADA transition plan in the US [49].

Across the participant groups, there were several issues around accuracy and trust in
the data collected with automated and semi-automated methods including crowdsourcing:
how up-to-date it was, who was collecting it, how it was collected. These all related
to tensions on the quality of data that comes through crowdsourcing methods that were
previously identified in research [31,50]. In a study by Saha and colleagues [31], people with
disabilities described a lack of trust in information collected by people without disabilities,
as well as a need for trust between stakeholders that the data would be used to make
concrete changes. Previous research has also reported how trust in the data was a critical
challenge to the adoption of crowdsourced data by governments that place greater value
on authoritative data [50]. The ADA coordinators and urban planners in this research also
had the same mistrust in using crowdsourced data in official planning documentation.
Khan and Johnson [51] developed a valuable framework for considering the adoption
of crowdsourcing that sought to establish the co-production of crowdsourced data with
citizens and governments. Aligning perspectives on trust and the quality of the data are a
key part of that framework.

We also found all the participants valued the concept of in-person validation of
accessibility data, but there was a difference in the meaning of ground verification, which
was also found by Saha et al. [31]. This finding suggests two important lessons regarding
perceptions of accessibility data: (1) multiple stakeholders understand the discrepancies
between on-site vs. remote data collection, and (2) stakeholders have different meanings
for what is considered accessible. This presents important conflicts for tools like Project
Sidewalk that solely rest on remote, crowdsourced data. Some of the issues with remote,
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crowdsourced data have to do with the availability of current Google Street View imagery
used for remote auditing [37], which was identified by the study participants as a factor that
would make them not trust the data. The participants suggested adding features allowing
people to add a comment or a photo to validate in real time if the identified issue is still
present. Other new directions for remote auditing tools, like Project Sidewalk, could include
attempts to support additional data collection from users in the field. Such efforts have had
some success in attracting users to add field-audited information, such as the AccessNow
or Wheelmap data collection tools that involve the crowdsourced auditing of public venues.
However, wide-spread use of AccessNow and similar crowdsourcing systems has been
limited, and both are subject to the same challenge of how to get participants to engage
with the system [37].

Another important finding related to access and the accessibility of data and tools was
the value placed on centralized and publicly available data on pedestrian infrastructure
accessibility. Across stakeholder groups, open data was described as a critical attribute
because much existing data on accessibility is not freely available and is either held by
private entities or behind Freedom of Information Act request walls in governments.
It is critical to recognize here the socio-political contexts that shape the current state
of accessibility data, specifically the ADA. Khan and Johnson [51] explain how open
data policies are a valuable facilitator of the adoption of crowdsourcing data. There are
requirements for local governments to post their grievance policies, the names of ADA
coordinators, and their ADA transition plan [49], but there are no policies to make ADA
data openly accessible. The open data challenge is well situated in discussions on digital
civics, i.e., the ways that data and tools can enable democracy and civic engagement [52,53].
While these digital civics systems might, as promised, help democratize access to policy
discussions and policy making, they may also unintentionally exclude people as well
(e.g., Project Sidewalk is not a tool that can be used by blind and low-vision users) [12,54].
More research is needed to understand who currently has access to those policy processes,
or how people are really impacting decisions when participating in citizen communities
around accessibility.

Participants with disabilities in our study identified how applications like Project
Sidewalk that use visual analyses of images are inaccessible to individuals with visual
limitations. The accessibility of technology in general has been and continues to be a major
hurdle for people with disabilities as much technology is not designed with individuals
with disabilities in mind [55]. Yet, this challenge should not be a roadblock. Developing
alternative modes of data collection that feed into the same system had high importance
for participants with disabilities. These contributions could function like complaints in
helping to prioritize which pedestrian barriers get fixed first, as Eisenberg et al. [16] found
that citizen complaints were a top-ranked criterium for ADA transition plans. Similarly,
there are numerous ways to disseminate the resulting data and maps in formats accessible
to people who are blind and low-vision that could be implemented in Project Sidewalk and
other similar applications [56].

Our workshop findings provide many direct recommendations for projects and ini-
tiatives seeking to improve sidewalk accessibility and undertake data collection. The
recommendations relate to both how products like Project Sidewalk are designed and
also how such tools are implemented in cities. Design-specific recommendations have to
do with accessibility alternatives for people who are blind or low-vision, with additional
design mechanisms for ensuring accuracy and up-to-date information. Implementation
considerations have a lot to do with the relationships between individuals or organizations
and local governments and include fostering an open data access framework, using data to
facilitate open discussion and the engagement of people with disabilities, and taking steps
to facilitate trust in the data and how they are communicated with the community. We plan
to use these guidelines and develop an implementation framework for improving sidewalk
accessibility data collection and analysis.
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Limitations

This study took place in one region in the US, which could represent a limitation.
While planning development and policy implementation look different throughout US
municipalities, we believe these findings could still benefit most local governments seeking
to meet similar accessibility requirements. Some of the findings can also be applied in
an international context, where many local governments are choosing to use AI and
other technological tools in their urban planning. The workshops were conducted using
the virtual meeting platform Zoom. This allowed us to respond to the accessibility and
scheduling needs of participants. However, some participants were not able to fully engage
in workshop discussions due to technology barriers and screen fatigue. Furthermore,
despite our best efforts to address power dynamics between participants, it is still possible
that some felt they could not freely express their perspective. Less-active participants were
encouraged to engage with the discussion via the Zoom chat function if they preferred not
to speak, and facilitators made sure to directly ask participants questions, which may have
helped to allow the voices of the participants to be heard.

5. Conclusions

This study focused on the perceptions of the use, gathering, and application of accessi-
bility data and socio-technical tools to assess and plan for accessible sidewalks, drawing
from a diverse group of users including people with disabilities, caregivers, and ADA
coordinators and urban planners. Through group discussions, we identified critical di-
mensions of accessibility that varied among the groups, suggesting a need to contextualize
accessibility data collection within local community engagement efforts so as to establish
trust in the data themselves and in what local governments will do with them. There was
agreement among stakeholders that such data has a strong utility in advocacy with deci-
sion makers. Our findings also discussed the need for sidewalk data collection initiatives
to consider approaches to data centralization, the development of multi-approaches for
validation, and the importance of transparency and engagement in the data collection and
sharing process. Future research is needed to evaluate these recommended approaches,
with cities and communities implementing tools like Project Sidewalk to better understand
the feasibility, practicality, and effectiveness of these approaches in developing crowd-
sourced accessibility data that are trustworthy, openly accessible, and lead to change in
city infrastructure.
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