Visualizing Urban Accessibility: Investigating Multi-Stakeholder
Perspectives through a Map-based Design Probe Study
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Figure 1: Interview setup and three-part study process. Part 1 presents visualization probes with seven map types. Row-by-
row we gradually build a 5 x 5 map grid (A & B), where each row shows a different map type. Part 2 involves performing three
sensemaking tasks. In (C), a participant completes a task using the map grid. (D) illustrates a task involving three ego-centric

isochrone maps. Part 3 critiques map types and gathers opinions for future interactive visualization tools.

ABSTRACT

Urban accessibility assessments are challenging: they involve var-
ied stakeholders across decision-making contexts while serving a
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diverse population of people with disabilities. To better support
urban accessibility assessment using data visualizations, we con-
ducted a three-part interview study with 25 participants across five
stakeholder groups using map visualization probes. We present a
multi-stakeholder analysis of visualization needs and sensemaking
processes to explore how interactive visualizations can support
stakeholder decision making. In particular, we elaborate how stake-
holders’ varying levels of familiarity with accessibility, geospatial
analysis, and specific geographic locations influences their sense-
making needs. We then contribute 10 design considerations for
geovisual analytic tools for urban accessibility communication,
planning, policymaking, and advocacy.

CCS CONCEPTS

« Human-centered computing — Geographic visualization; Ac-
cessibility systems and tools.
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KEYWORDS with their mental model for assessing accessibility. For example,
physical accessibility, visualization, sensemaking, decision-making, Ml/Caregivers preferred localized views of the datag, street
urban tech, geovisual analysis level), while policymakers and department o cials preferred city-
scale views. Participants built con dence when they could person-
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1 INTRODUCTION tunities for future interactive geovisual analytic tools to support

A recent UN report notes awidespread lack of accessibility in built  advocacy, policymaking, city planning, and daily living.

environments, from roads and housing to public buildings and spaces

and this lack contributes to and further reinforces systemic inequal-

ities in economic opportunity and access to basic services such as

transportation, medicine, and education for people with disabilites 2 BACKGROUND AND RELATED WORK

[33. While the open data movement has enabled new types of We present background on urban accessibility assessments and

urban analytlcs_ and insights fqrt_ransportat_lorsﬁ, climate ch_apge stakeholders needs in accessibility decision-making followed by
[6, 7], and public health 4, similar e orts in urban accessibility : ST : .
prior work in visual analytics and sensemaking.

have been hampered by a lack of dag8]. Towards addressing this
problem, new data collection tools such Bsoject Sidewalld7, 61
andWheelMag 5] as well as open data initiatives such &pen-
Sidewalk$68 and Accessibility Clougil] have emerged, spurring .
new urban access visualization and mapping tods§, 12, 45. 2.1 Urban Accessibility Assessments
While this progress is commendable, little work has characterized Urban accessibility seeks to enable access to opportunities and ser-
how best to visualize urban accessibility datasets across di erent vices while ensuring comfort and quality of experience to people
stakeholders: what are the key visual analytic tasks and data needs of all abilities [19 60, 7(. Physical access includes pedestrian in-
(RQ1) and how might key stakeholders' sensemaking practices frastructure g.g, sidewalks), transitd.g, buses, trains), and Points
dier (RQ2). of Interest or POIs€.g, buildings and facilities)22 30, 60, 66. In

To begin addressing these questions, we rst developed 24 urban this paper, we use sidewalk accessibility data to study visualization-
accessibility visualization design probes across seven map types based urban accessibility assessment needs. Physical access issues to
using Project Sidewalk's Washington DC datasé8[61]: point sidewalks include the presence and absence of curb ramps, surface
visualizations, severity point visualizations, grid maps, heatmaps, problems, sidewalk path obstacles, and the availability of sidewalks
choropleth, street visualizations, and ego-centric isochrones. Our themselves. The Americans with Disabilities Act (ADA)7 1§
designs were informed by prior work in urban accessibility visual-  together with US Access Board (] provides standards for acces-
izations [5, 12 23 37 and support a range of questions and tasks  sible sidewalks by specifying design requirements. For example,
from Where are key (in)accessible hotspots in my city and why might sidewalks must be a minimum 1.5m (5ft) passing width, a maximum
this be? to How does neighborhood X compare ta ¥3ing the 5% grade, and have curb ramps at intersections.
probes to ground discussion and solicit feedback, we then con-  Maps are widely used for analyzing and communicating urban
ducted a three-part interview study (Figure 1) of ve stakeholder issues due to their spatial arrangement, visual impact, and perceived
groups (N=25): local transit o cials, policymakers, accessibility  credibility [3§. Existing accessibility assessment tools are largely
advocates, caregivers, and people who use a mobility aid such as map-based 1, 5, 12 13 45 52 with street- and sidewalk-level
a cane or wheelchair (Ml individuals). In Part 1, we observed how views. While these tools o er information on POI accessibility
participants reacted to and made sense of the visualizations while in [1, 5] and customized views of sidewalk accessibility based on
Part 2, they used the maps to complete speci ¢c sensemaking tasks. mobility needs [L2 45, these tools and visualization types have yet
In Part 3, participants critiqued and re ected on their experience. to be studied across di erent stakeholders. Closest to our work is a

Through iterative coding and thematic analysis of the interview  design probe-based study that envisioned future accessibility-aware
recordings, we present ndings on urban accessibility tasks and data location-based tools for Ml individuals3p], where maps played
needs across stakeholders and share observations of the in uence a central role in the resultant designs. We extend that woB2]
of professional role and/or life experience on their sensemaking by studying sensemaking processes and visualization needs across
process. Speci cally, personal experience with accessibility, geo- ve stakeholder groups using map-based paper prototype probes.
graphic location, and data analysis in uenced their sensemaking We contribute to urban accessibility task and data characterization
processes. We nd that participants analyzed maps based on per- [53 by elaborating stakeholder goals, tasks, and needs for future
sonally relevant assessment factors and preferred maps that aligned geovisual decision support tools.
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Figure 2: Design Dimensions of Map Probes. A. Zoom Level, B. Analysis Unit, C. Color Codes and Scales and D. Other Encodings
(e.g, size and opacity). For the accessibility label categories, we used Project Sidewalk's color palette [48, 49, 61] as color codes.

2.2 Stakeholders and their Decision Making
Perspectives

Urban accessibility stakeholders include, people with disabilities,

2.3 Making Sense of Visualizations

Russelkt al [59 de ne sensemaking as th@rocess of searching for
a representation and encoding data in that representation to answer

caregivers, occupational therapists, advocates and activists, poli- task-speci ¢ questionsWithin geovisual analytics, sensemaking

cymakers, department o cials, transit agency o cials, and other
professionals41, 60 69. These groups, each with their own acces-
sibility perspective, can be divided into two overlapping categories:

focuses on how people perceive information in geovisualizations
and make sense of their inferencesd. While past work in visual
analysis researchq7] typically focused on understanding analysts'

people who are a ected by accessibility issues and people who make sensemaking processes, a recent body of work has started studying

or support infrastructure planning decisions and improvements.
Sahaet al [6q studied the decision-making process and needs of
ve stakeholder groups: policymakers, department o cials, acces-
sibility advocates, Ml individuals, and caregivers. They found that
Ml individuals and caregivers prioritize travel safety and quality,
and therefore, have localized questions suchlast doing to be a
smooth ramp?or Is the entrance accessibleRolicymakers and de-
partment o cials are concerned with more macro-scale questions
related to planning and resource distributiorwhat are the highest
priority sidewalks?or do we invest in new sidewalks or in repairing
existing sidewalks?Finally, advocates often act as an intermediate

how non-experts understand, process, and construct visualizations
[44, 56. With the proliferation and wide-scale consumption of
visualizations in mass media, especially during the ongoing COVID
crisis [43 75, emerging research is examining visualization use
in real world contexts, especially the social and political contexts
of visualizations R1, 43 5¢. Our work ts within this growing
body of work, where we study visualization use within the urban
accessibility context, studying sensemaking processes of multiple
stakeholders and the in uence of stakeholder di erences on their
interpretation process of making accessibility assessments.

In this paper, we develop an understanding of the sensemaking

representative body between the government and the citizens to Processes of diverse non-expert stakeholders while performing geo-
communicate needs and concerns to push for change. The nature of Visual analysis for urban accessibility. We speci cally study people
their questions are both investigative and exploratory to aid them with little or no professional data analysis experience but have data
in (a) understanding the extent and impact of the pr0b|em and (b) questions for assessing aCCGSSibi"ty. They have indirect interactions
analyze e ectiveness of remediation approaches to ensure account- With such data-driven visual analyses. For example, policymakers
ability (e.g, investigating a non-compliant curb rampivhen was are usually consumers of the visualizations (rather than an ana-
this curb ramp installed? Was it part of this administratignWith lyst) while advocates, who are not analysts by profession, are often
these needs and perspectives in mind, we study these stakeholder involved in geovisual analysis as part of their job.
groups' visualization needs for analyzing urban accessibility data.

3 DESIGN OF MAP VISUALIZATION PROBES

To structure our visualization design work, we drew on common

urban accessibility questions identi ed in the literature3p, 61]:
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